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THE SPECTRUM OF BIOFORMS AND THE AREAL-GEOGRAPHIC
STRUCTURE OF THE MEDICINAL PLANTS FROM THE WESTERN PART OF
THE BANATIAN MOUNTAINS

Antal Diana Simona, Peev Camelia Ioana

Victor Babes University of Medicine and Pharmacy Timisoara, Faculty of Pharmacy, P-ta E. Murgu No 2,
300041 Timigoara, Romania

Summary

The knowledge of the flora of pharmaceutic interest is a prerequisite for its rational valorization and protection.
Our study presents the medicinal plats from the Western part of the Banatian Mountains, and to analyze their
spectrum of bioforms and areal-geographic structure. The researches point out the presence of 241 species
employed in modern and traditional phytotherapy. The analysis of the floristic elements shows the
predomination of Eurasian species (43%), followed by European (9,5%) and Circumpolar (9,1%) elements.

Keywords: medicinal plants, Banat region, bioforms, repartition
Introduction

In today’s Europe, where industrial development, pollution and urban agglomerations are
continuously extending, the rich medicinal flora of Romania represents a priceless asset. In this
concept, the knowledge of the flora of pharmaceutic interest becomes imperative, representing a
prerequisite for its rational valorization and protection. The conservation of biodiversity, which
includes the protection of medicinal plants, is presently taking place within the legal framework of
the “Convention on International Trade in Endangered Species of Wild Fauna and Flora”
(CITES), adopted in 1973 [1]. In order to safeguard the resources of medicinal plants for the
future, assessing the vegetal genepool of therapeutic interest through the inventory of plants by
regions is of major importance, reflecting the territorial distribution of the species.

The Banatian Mountains, situated in the West of Romania, offer favorable conditions for the
development of medicinal plants; although having low altitudes, of 600-1400 m, their degree
of anthropization is yet reduced. Approximately 60% of their surface is covered by forests,
the rest being occupied by pastures, primary or as a result to the disafforesting. The relief is
varied, with the configuration of the terrain being generally undulated. The prevailing
orientation of the slopes is NNE-SSW [2]. The studied territory is situated in an area with
humid, temperate climate, soft winters, exposed to obvious Mediterranean influences.
Average annual temperatures vary between 8.8°C in the area of hills with low altitude, and
5.4°C at heights of about 1000m, in the mountain area [3]. The vegetation of the Banatian
Mountains is represented by the beech level and by the common oak - bitter level [4].

The aim of the present study was to identify the medicinal plats (MP) from the Western part of the
Banatian Mountains, known for their vegetal diversity, and to outline their spectrum of bioforms
and areal-geographic structure. This approach brings a contribution to the identification of the
critical and/or valuable components of the genepool of MP existing in the researched area.

Material and methods
The study was carried out during March 2002 - November 2005, evaluating the medicinal

flora from a surface of approximatively 1500 km* (Dognecei Mountains, Ezeris Depression,
Aninei Mountains, Oravitei and Bozoviciului Hills).
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The identification of the species was mainly performed based on Flora Republicii Populare
Romane (1952-1976) [5] and Flora ilustratd a Romaniei (2000) [6], other sources being also
employed [7]. The classification of bioforms and the determination of the areal-geographic
structure was carried out as indicated in [6].

The inclusion of medicinal species in the study was based upon the description of their
utilization by works of modern and traditional phytotherapy [8-13]. Species employed in local
traditional medicine were also taken into account.

Results and discussions

Following the study of the wild vascular flora from the Western part of the Banatian
Mountains, 241 species utilized in the modern and traditional phytotherapy were identified.
These plants are integrated into 70 botanical families. A large number of plants belong to the
Asteraceae (24 species), Rosaceae (22), Lamiaceae (20), Fabaceae (12), Scrophulariaceae
(10), Ranunculaceae (8) and Apiaceae (8) families, as presented below :

» Alismataceae: Alisma plantago-aquatica L.,

» Alliaceae: Allium ursinum L.

» Apiaceae: Angelica archangelica L., Anthriscus cerefolium (L.) Hoffm., Anthriscus
sylvestris (L.) Hoffm., Conium maculatum L., Daucus carota L., Eryngium campestre L.,
Pimpinella saxifraga L., Sanicula europaea L.;

Araceae: Arum maculatum L.;

Araliaceae: Hedera helix L.

Aristolochiaceae: Aristolochia clematitis L., Asarum europaeum L.;

Asclepiadaceae: Vincetoxicum hirundinaria Medikus

Aspleniaceae: Asplenium adiantum-nigrum L., Asplenium scolopendrium L., Dryopteris
filix-mas (L.) Schott;

Asteraceae: Achillea millefolium L.s.1., Arctium lappa L., Artemisia absinthium L., Artemisia
annua L., Artemisia vulgaris L., Bellis perennis L., Bidens tripartita L., Carlina acaulis L.,
Cichorium intybus L., Cirsium arvense (L.) Scop., Erigeron canadensis (L.) Pers.,
Eupatorium cannabinum L., Hieracium pilosella L., Matricaria discoidea D.C., Matricaria
recutita L., Mycelis muralis (L.) Dumort, Onopordum acanthium L., Petasites hybridus (L.)
Gaertner, Solidago virgaurea L., Tanacetum vulgare L., Taraxacum officinale agg., Telekia
speciosa (Schreber) Baumg, Tussilago farfara L., Xanthium spinosum L.;

Balsaminaceae : Impatiens noli-tangere L.;

Betulaceae: Alnus glutinosa (L.) Gaertner, Betula pendula Roth.;

Boraginaceae: Anchusa officinalis L., Cynoglossum officinale L., Echium vulgare L.,
Pulmonaria officinalis agg., Symphytum officinale L.,

Brassicaceae : Alliaria petiolata (Bieb.) Cavara et Grande, Capsella bursa-pastoris (L.)
Medik., Dentaria bulbifera L., Erysimum cheiranthoides L., Nasturtium officinale R.Br.;
Cannabaceae: Humulus lupulus L.;

Caprifoliaceae: Sambucus nigra L., Sambucus ebulus L., Viburnum lantana L.,
Viburnum opulus L.;

Caryophyllaceae: Saponaria officinalis L.;

Celastraceae: Evonymus europaeus L.;

Colchicaceae: Colchicum autumnale L.;

Convallariaceae: Polygonatum odoratum (Miller) Druce;

Convolvulaceae: Calystegia sepium (L.) R.Br., Convolvulus arvensis L.;

Cornaceae: Cornus mas L., Cornus sanguinea L.;

Corylaceae: Corylus avellana L.

Crassulaceae: Jovibarba heufelii (Schott) A. et D. Love, Sedum acre L.;
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» Cupressaceae: Juniperus communis L.;

» Dennstaedtiaceae: Pteridium aquilinum (L.) Kuhn;

» Dioscoreaceae: Tamus communis L.;

» Dipsacaceae: Knautia arvensis (L.) Coulter, Scabiosa ochroleuca L., Succisa pratensis
Moench;

» Equisetaceae: Equisetum arvense L.;

» FEricaceae: Calluna vulgaris (L.) Hull, Vaccinium myrtillus L.,

» Euphorbiaceae: Euphorbia amygdaloides L., Euphorbia cyparissias L., Euphorbia
helioscopia L., Mercurialis perennis L.;

» Fabaceae: Anthyllis vulneraria L., Coronilla varia L., Genista tinctoria L.; Genistella
sagittalis (L.) Gams, Laburnum anagyroides Medik., Lotus corniculatus L., Medicago
falcata L., Melilotus officinalis (L.) Pallas, Ononis spinosa L., Sarothamnus scoparius
(L.) Wimmer, Trifolium arvense L, Trifolium pratense L.,

» Fagaceae: Quercus petraea L., Quercus robur L.;

» Fumariaceae : Corydalis cava (L.) Schweigg et Koerte, Corydalis solida (L.) Clairv.;

» Gentianaceae: Centaurium erythraea L., Gentiana cruciata L.;

» Geraniaceae: Erodium cicutarium (L.) L’Hérit, Geranium macrorrhizum L., Geranium
robertianum L.;

» Hypericaceae: Hypericum perforatum L.,

» Juglandaceae: Juglans regia L.;

» Lamiaceae: Ajuga reptans L., Ballota nigra L., Galeopsis tetrahit L., Glechoma
hederacea L., Lamium album L., Leonurus cardiaca L., Lycopus europaeus L., Melissa
officinalis L., Mentha aquatica L., Mentha longifolia L., Mentha pulegium L., Origanum
vulgare L., Prunella vulgaris L., Salvia glutinosa L., Teucrium chamaedrys L., Thymus
balcanus Borbas,  Thymus glabrescens Willd.,, Thymus jankae Celak., Thymus
pannonicus All., Thymus pulegioides L.;

» Liliaceae: Convallaria majalis L., Ruscus aculeatus; Veratrum album L.,

» Loranthaceae: Viscum album L.;

» Lythraceae: Lythrum salicaria L.;

» Malvaceae: Althaea offcinalis L., Malva sylvestris L.;

» Oleaceae: Fraxinus excelsior L., Fraxinus ornus L., Ligustrum vulgare L., Syringa
vulgaris L.;

» Onagraceae: Chamerion angustifolium (L.) Holub., Epilobium hirsutum L., Epilobium
palustre L., Epilobium parviflorum Schreber, Oenothera biennis L.;

» Orchidaceae: Orchis morio L.;

» Oxalidaceae: Oxalis acetosella L.;

» Papaveraceae: Chelidonium majus L., Papaver rhoeas L.;

» Phytolaccaceae: Phytolacca americana L.,

» Pinaceae: Abies alba Miller, Picea abies (L.) Karsten, Pinus sylvestris L.;

» Plantaginaceae: Plantago lanceolata L., Plantago major L., Plantago media L.;

» Poaceae: Anthoxanthum odoratum L., Elymus repens (L.) Gould;

» Polygonaceae: Polygonum aviculare L.s.1., Polygonum hydropiper L., Rumex acetosa L.,
Rumex acetosella L., Rumex crispus L.;

» Polypodiaceae: Polypodium vulgare L.;

» Primulaceae: Anagallis arvensis L., Lysimachia nummularia L., Lysimachia vulgaris L.,
Primula elatior (L.) Hill, Primula veris L.,

» Ranunculaceae: Anemone nemorosa L., Anemone ranunculoides L., Clematis recta L.,

Clematis vitalba L., Helleborus odorus Waldst. et Kit., Helleborus purpurascens Waldst. et
Kit., Hepatica nobilis Schreber, Ranunculus ficaria L.,
» Rhamnaceae: Frangula alnus Mill., Rhamnus cathartica L.;
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» Rosaceae: Agrimonia eupatoria L., Alchemilla vulgaris L. emend Frohner, Alchemilla
xanthochlora Rothm., Cerasus avium (L.) Moench, Crataegus laevigata agg, Crataegus
monogyna agg., Filipendula ulmaria (L.) Maxim, Fragaria vesca L., Geum urbanum L.,
Potentilla alba L., Potentilla anserina L., Potentilla argentea L., Potentilla erecta (L.)
Rausch., Potentilla recta L., Potentilla reptans L., Prunus spinosa L., Pyrus pyraster (L.)
Burgsd., Rosa canina L., Rubus fruticosus L, Rubus idaeus L., Sanguisorba officinalis L.,
Sorbus aucuparia L.;

» Rubiaceae: Cruciata laevipes Opiz, Galium aparine L., Galium molugo L., Galium
odoratum (L.) Scop., Galium verum L;

» Salicaceae : Populus nigra L., Populus tremula L., Salix alba L., Salix caprea L., Salix
cinerea L., Salix fragilis L., Salix purpurea L.;

» Scrophulariaceae : Digitalis grandiflora Miller, Euphrasia officinalis L., Linaria
vulgaris L., Scrophularia nodosa L., Verbascum densiflorum Bertol., Verbascum
phlomoides L., Veronica beccabunga L., Veronica chamaedrys L., Veronica officinalis
L., Veronica spicata L.,

» Simaroubaceae: Ailanthus altissima (Miller) Swingle;

» Solanaceae: Atropa belladonna L., Physalis alkekengi L., Scopolia carniolica Jacq.,
Solanum dulcamara L.,

» Taxaceae: Taxus baccata L.;

» Tiliaceae: Tilia cordata Miller, Tilia platyphyllos Scop., Tilia tomentosa Moench;

» Triliaceae: Paris quadrifolia L.;

» Ulmaceae: Ulmus minor Mill.;

» Urticaceae: Parietaria officinalis L., Urtica dioica L., Urtica urens L.;

» Valerianaceae: Valeriana officinalis L.;

» Verbenaceae: Verbena officinalis L.;

» Violaceae: Viola odorata L., Viola tricolor L.

The analysis of the biologic type of the identified medicinal plants reveals that the
hemichryptophyte species predominate (44%), being followed by the phanerophytes (22%),
geophytes (11%), therophytes (7,4%) and chamaephytes (6,6%) (fig. 1). The high percentage
of hemichryptophytes and hemitherophytes indicates the situation of the researched territory
in an area of temperate climate, but is also connected to the herbaceous nature of most
medicinal plants, which present in the pastures and in the herbal cover of the forests. The
phanerophytes, ligneous plants, also make up a considerable proportion from the totality of
medicinal species. Therophytes, plants which go through their life cycle in a single vegetation
period, are indicative of a more or less arid climate ; their repartition is conditioned by zoo-
anthropoid influences and the existence of territories where the vegetal cover is discontinuous
and ready to be occupied by annual plants.

The areal-geographic structure of the medicinal flora from the investigated territory shows the
participation of numerous categories of elements with different florogenetic elements, offering
at the same time information about the complex genepool of the flora from this area. The
analysis of the floristic elements outlines the predomination of Eurasian species, who make up
43% (103 species) of the total number of MP (fig.2). To this category pertain widely distributed
species, available in large quantities for gathering: Achillea millefolium, Arctium lappa, Betula
pendula, Chelidonioum majus, Cichorium intybus, Filipendula ulmaria, Fragaria vesca,
Galium verum, Lamium album, Leonurus cardiaca, Lycopus europaeus, Melilotus officinalis,
Plantago lanceolata, Primula veris, Salix alba, Tussilago farfara, Viola tricolor. Against their
background intervened in different phytohistoric stages European (9,5%) and Circumpolar
(9,1%) elements. Among the 40 European species that were identified, common MP can be
cited, like: Ajuga reptans, Alchemilla vulgaris and A. xanthochlora, Anthyllis vulneraria, Bellis
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perennis, Covallaria majalis, Corylus avellana, Fraxinus excelsior, Ononis spinosa, Quercus
robur, Q. petraea, Rosa canina, Viscum album. Circumpolar elements (22 species) are less
frequent in the flora of the Banatian Mountains than the previous, are represented by: Alisma
plantago-aquatica, anagallis arvensis, Artemisia vulgaris, Asplenium scolopendrium,
Chamerion angustifolium, Epilobium palustre, Erysimum cheiranthoides, Hepatica nobilis,
Juniperus communis, Sanguisorba officinalis, Viburnum opulus.

@ Hemychryptophyta

® Phanerophyta

O Geophyta

O Therophyta

m Chamaephyta

@ Hemytherophyta

m Therophyta-Hemytherophyta
O Hydro-helophyta

Fig. 1. The spectrum of bioforms for the medicinal flora of the
Western part of the Banatian Mountains

The cosmopolite species (6,2 %) and the adventive ones (2,9%) also have a notable presence
among the medicinal species. Although not represented through a large number of species,
they occur in large populations. Among the 15 identified cosmopolite MP, Capsella bursa-
pastoris, Convolvulus arvensis, Equisetum arvense, Erodium cicutarium, geranium
robertianum, Polygonum aviculare, Rumex acetosa, Urtica dioica are very widespread. A
particular problem is posed by Pteridium aquilinum, an extremely invasive fern, toxic to
livestock, that continuously reduces the usable surface of pastures. The adventive species are
represented by: Ailanthus altissima, Erigeron canadensis, Matricaria discoidea, Oenothera
biennis, Physalis alkekengi, Phytolacca americana and Xanthium spinosum.

@ Eurasian

@ European

O Central and NE Europe

O Central-European-montainous
W Central and West European
@ Circumpolar

B Cosmopolite

O Adventive

B Mediterranean

@ Submediterranean

O Pontic-Mediterranean

O Centr.-Eur.-Medit.

M Atl.-Centr.-Eur.-Medit.

H Centr.-Eur.-Atl.-Medit.

l Atlantic-Mediterranean

B Balkanic

@ Carpathian-Balkanic

O Alpine-Carpathian-Balkanic

Fig. 2. The spectrum of floristic elements from the medicinal flora of the
Western part of the Banatian Mountains
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An important number of species, among which: Ruscus aculeatus, Cotinus coggygria,
Fraxinus ornus, Parietaria officinalis, Laburnum anagyroides, Sarothamnus scoparius,
Tamus communis, Taxus baccata testify to the Southern, Mediterranean, influence of the
medicinal flora of the Banatian Mountains. There have been identified 3 taxa of
Mediterranean, 3 of Submediteranean, 7 of Pontic-Mediteranean, 5 of Central European —
Mediteranean, 5 of Central European — Atlantic — Mediteranean and 2 of Atlantic —
Mediteranean origin. The Balkanic (Helleborus odorus, Thymus jankae, Tilia tomentosa) and
Carpathian-Balkanic species (Helleborus purpurascens, Jovibarba heufelii, Scopolia
carniolica, Syringa vulgaris, Telekia speciosa, Thymus balcanus, Geranium macrorrhizum)
are represented in the researched area by only 10 taxons; however, they particularize the local
medicinal flora when compared to other regions [14,15].

Conclusions

The rich medicinal flora (241 species) growing in the Western part of the Banatian Mountains
shows the participation of numerous categories of elements with different florogenetic
elements, offering at the same time information about the wealth of this area’s genepool. The
majority of medicinal plants pertain to the hemichryptophytes (44%), and are Eurasian,
European and Circumpolar elements. An important number of species (25), among which:
Ruscus aculeatus, Cotinus coggygria, Fraxinus ornus, Parietaria officinalis, Laburnum
anagyroides, Sarothamnus scoparius, Tamus communis, Taxus baccata testify to the Southern
influence of the medicinal flora of the Banatian Mountains. Along with the Balkanic and
Carpathian-Balkanic species, they particularize the local medicinal flora.

The protection of the genepool of wild-growing MPs, according to international conventions
like CITES ensures to some degree the sustainability of MP resources in the future. However,
given the continuous augmentation of the demand for MPs and the incapacity of these plants
to meet the ever increasing economic necessities, their growth in cultures will be representing
a lasting solution for insuring the availability of sufficient plant material.
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RARE AND VULNERABLE SPECIES OF PHARMACEUTIC INTEREST
FROM ANINEI MOUNTAINS (ROMANIA)

Antal Diana Simona’, Oroian Silvia®

'Victor Babes University of Medicine and Pharmacy Timisoara, Faculty of Pharmacy, P-ta E.Murgu No 2,
300041 Timisoara, “University of Medicine and Pharmacy Targu-Mures, Faculty of Pharmacy,
Str. Gh. Marinescu No 38, 540139 Targu-Mures, Romania

Summary

The present study aimed at identifying the endangered, vulnerable, rare and endemic taxa from the flora of the
Aninei Mountains, establishing in accordance to the criteria of the World Conservation Union, the Red List of
Vascular Plants (RLVP) from this area. Ninety-five taxa were noted, among which five endemic and six sub
endemic species were pointed out. The RLVP also contains several medicinal plants, wild-growing in the region;
among these, Angelica archangelica is the most threatened one due to its gathering for pharmaceutical purposes.

Keywords: rare and vulnerable taxa, endemic plants, medicinal species, Angelica archangelica
Introduction

The protection of biodiversity represents a problem of present interest on a global level due to
the continuous expansion of human impact on the environment.The knowledge of the
rare/vulnerable species, as well of the endemic ones, is highly important from a scientific
point of view, as critical and valuable genepool components are identified and their efficient
protection is secured. The relevance of this matter goes beyond the purely theoretic, scientific
aspect: The elucidation of the specific, particular biochimism of these plants, generally little
researched, may reveal a series of new vegetal molecules with a large array of implications.
The plant kingdom is known to be a source of compounds with therapeutic activity [1]. Recent
developments in the field of analytical chemistry and molecular biology make researches possible
to be carried out on minute amounts of plant material [2]; as such even rare plants may be
investigated without putting them at risk. In case of positive findings, subsequent cultivation of
the relevant plants could provide sufficient plant material for further large-scale research and
economic utilization. A successful example in this regard is edelweiss (Leontopodium alpinum
Cass.), a worldwide protected species. Investigated on the base of ethnobotanical sources [3], it
was proved to contain an impressive array of compounds with therapeutic activity [4,5];
researches are still ongoing. Cultures existing in countries like Switzerland provide today the
necessary amounts of prime matter for the pharmaceutical and cosmetic industry.

Other applications emerging from the analysis of rare and endemic plants are in the area of
chemotaxonomy, giving the possibility to define phylogenetic connections between species,
as well as in to uncover specific chemovars and geographic races.

The premises for the potential valorization under any aspect remain however the knowledge of the
present status of the rare/vulnerable plant patrimony. In this concept, we proceeded to the
identification of these plants in the Aninei Mountains, an area situated at the interference of air
masses with maritime and continental character, having a particular carstic relief, and hosting a
series of rare Romanian and European species [6,7]. The species-specific mapping of the areas
where vulnerable medicinal plants grow was also performed.

Material and Methods

The red list of medicinal vascular plants containing also other numerous plants has been
elaborated according to our research and to bibliographical information vailable from: The
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World Conservation Monitoring Centre (WCMC) [8], The World Conservation Union

(IUCN) [9], the Law nr. 13/1993 regarding Romania joining the European Habitats and Wild

Life Convention [10], The red list of vascular plants in Romania - Oltean et al.(1994) [11];

The red list of rare, vulnerable endangered, and disappeared vascular plants in Romanian

flora - N. Boscaiu et al. (1994) [12]; The red list of the Romanian plants occurring in

meadow, including endemic and sub-endemic species (Tracheophyta) - G. Negrean (2001)

[13] and other sources [14-18]. The periclitation categories used in this work are :

Endangered = E: taxa in danger of extinction ; their survival is improbable if the causal
factors continue to operate

Vulnerable = V: taxa considered to be ready to pass in the endangered category in the near
future, if the causal factors continue to operate

Rare = R: taxa with small world-wide populations, which presently are not threatened, but
under risk (due to their restrictive areal). In case of certain species, Oltean et al (1994)
use the supplementary hybrid category V/R: vulnerable and rare.

Indeterminate = 1. taxa known to pertain to one of the previous categories, but for which
there is not sufficient information to specify the category

Insufficiently known = K: taxa which are suspected but not definitely known to pertain to
one of the above categories (due to lack of information)
Relative to the local peculiarities of the flora, the endemism code used in this work is the

one applied by UNEP-WCMC:

A: areal restrained to only one area; only the taxa known within the limits of the national
territory are included (i.e. the species endemic to Romania)

B: areal extended to more than one area in the same region; this category includes taxa whose
areal does not exceed the limits of Europe

b: subendemic taxa ; their areal exceed the limits of the national territory, but is extending
only to the zones situated nearby.

The nomenclature used for the listed taxa is the one established in Flora Europaea [19].

Mapping procedures were performed according to the TK25 system, used in the mapping of

the Flora of Central Europe [20,21].

Results and Discussions

The investigation of the flora of the Aninei Mountains revealed the presence of 95 taxa that
could be included in one of the periclitation categories according to criteria of the World
Conservation Union. Among these, 1 taxon is endangered at European level; 5 taxa are
vulnerable; 80 taxa are rare; 7 taxa are vulnerable and rare; 1 taxon has indeterminate status;
and 1 taxon has an “insufficiently known” status (table 1). Regarding the distribution areal of
the taxa from the RLVP, 5 are endemic to Romania, 6 are subendemic, whereas 6 have a
repartition limited to the European territory. The endemic element is mostly represented by
species and subspecies that vegetate on rocks of limestone: Athamanta turbith ssp. hungarica,
Linum uninerve and Sorbus borbasii; Dianthus giganteus ssp. banaticus vegetates in the
mesophyllous pastures from Cheile Nerei, Cheile Garlistei, the Lisovacea reservation,
whereas Primula auricula ssp. serratifolia is present on poor, scheletic soils, in the
reservations Izvorul Bigar, Ducin and Lisovacea.

The taxa from the RLVP belong to 28 botanical families; about one quarter of the rare or
vulnerable species (25.3%) are Orchidaceae. Other families, like Brassicaceae (7.4%), Liliaceae
(6.3%), Apiaceae and Caryophyllaceae (5.2%) account for a smaller number of species.
Comparing the number of taxa from the RLVP established in the this study with the data
received from the Environment Protection Agency Resita (APMR) [22], it can be noted that
the our list, elaborated according to [UCN and UNEP-WCMC criteria, includes a significantly
larger number of species. In fact, the number of vegetal taxa protected on the territory of all
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the eight mixed reservations from the Aninei Mountains, and accounted for by the APMR, is
only 59, in comparison with 95. The most evident difference appears in case of the reservation
Cheile Nerei-Beugnita, where only 16 taxa are noted on the APMR lists [22], whereas 82 taxa
could be identified as being protected on a European level. In order to insure a more efficient
protection of rare and vulnerable species within the legal framework, the data from the present
study will be transmitted to the relevant agency.

Table 1. The Red List of Vascular Plants from the Aninei Mountains

SPECIES / FAMILY LOCALIZATION é‘igl;
Acanthus balcanicus Heywood et .B.K. . .
Richardson ( Acanthaceae) Cheile Nerei VIR
Aegilops neglecta Req. ex Bertol. (Poaceae) Beusgnita Basin R
Aethionema saxatile (L.) R.Br. var. heterocarpus Cheile Nerei, Panza Albinii, R
Beck. (Brassicaceae) Carsia Beusnitei
Allium carinatum L. (Liliaceae) Cheile Nerei K
Allium moschatum L. (Liliaceae) Cheile Nerei, Beul V. R
Alyssum’montanum L. ssp. gmelinii (Jordan) Hegi Pk.Cetituia, Cheile Nerei R
et Schmidt (Brassicaceae) ’
Alyssum wierzbickii Heuffel (Brassicaceae) Plesiva Pk. , Cornetul Inalt Pk. BR
Anacamptis pyramidalis (L.) Rich. (Orchidaceae) | Beusnita Basin V/R
Angelica archangelica L. (Apiaceae) Béarzava and Minig meadows \Y
Anthericum liliago L. (Liliaceae) Cheile Nerei R
Aquilegia nigricans Baumg. (Ranunculaceae) Valea Rea \Y
Astragalus onobrychis L. ssp. banaticus (Roch.) Cheile Nerei R
Jav. (Fabaceae)
. . Carsa Beusnitei, Carsa Cornetului
Athamanta .turblti{ (L.) Brot. ssp. hungarica fnalt Pk.. Cheile Nerei (Carsa AR
(Borb.) Tutin (4piaceae) . >
Soimului)
Campanula grossekii Heuffel (Campanulaceae) Cheile Nerei R
Carex brevicollis D.C. (Cyperaceae) Lespedea Plateau,Beul Sec V. 1
Centaurea atropurpurea Waldst. et Kit Cheile Nerei R
(Asteraceae)
Centaurea calvescens Pancic Cheile Nerei BR
(Asteraceae)
Cephalarla laevigata (Waldst. et Kit.) Schrader Cheile Nerei, Beul Sec V. R
(Dipsacaceae)
Cerastium banaticum (Rochel) Heuffel Cheile Nerei, Beul Sec V. R
(Caryophyllaceae)
Coronilla emerus L. ssp. emeroides (Boiss. et . .
Spruner) Hay. (Fabaceae) Cheile Nerei R
Cheile Carasului; Ch. Nerei;
Corylus colurna L. (Corylaceae) Plesiva Pk. V/R
Crocus banaticus Gay (Iridaceae) Cheile Nerei R
Crocus flavus Weston (Iridaceae) Cheile Nerei \Y
Dactylorhiza incarnata (L.) Soo (Orchidaceae) Cheile Nerei R
Dactylorhiza maculata (L.) Soo (Orchidaceae) Cheile Nerei R
Dactylorhiza sambucina (L.) Soo (Orchidaceae) Cheile Nerei R
Dianthus giganteus D’Urv. ssp. banaticus Cheile Nerei; Ch. Garlistei; AR
(Heuffel) Tutin (Caryophyllaceae) Lisovacea
Dianthus petraeus Waldst et Kit. ssp. . .
simonkaianus (Petrfi) Tutin (Caryophyllaceae) Cheile Nerei, Beu V. BR
Dianthus trifasciculatus Kit. ssp. deserti (Prod.) Beul Sec V., Cheile Nerei, BR
Tutin (Caryophyllaceae) Cetatuia Pk; Cheile Gérlistei
Digitalis ferruginea L. (Scrophulariaceae) Lespedea Plateau V/R
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SPECIES / FAMILY LOCALIZATION IUCN
Categ.

Dorycnium pentaphyllum Scop. ssp. germanicum . .
(Gremli) Gams (Fabaceae) Cheile Nerei BR
Echium russicum J.F. Gmelin (Boraginaceae) Cheile Nerei BE
Epipactis helleborine (L.) Crantz (Orchidaceae) Bigiar Spring, Gura Golumbului R
Eplpagtls microphylla (Ehrh.) Schwarz Cheile Nerei R
(Orchidaceae)
Epipactis palustris (L.) Crantz Cheile Nerei R
Epipogium aphyllum Schwarz (Orchidaceae) Cheile Nerei R
Erysimum comatum Pancic. (Brassicaceae) Cheile Nerei R
Erysimum crepidifolium Reichenb. (Brassicaceae) | Cheile Nerei, Sasca Montana R
Euphorbia myrsinites L. (Euphorbiaceae) Cheile Nerei, on Panza Albinii V/R
Gymnadenia conopsea (L.) R.Br. (Orchidaceae) Cheile Nerei R
Hlmar%toglossum hircinum (L.) Sprengel Beusnita Basin R
(Orchidaceae) ’
Iris reichenbachii Heuffel (Iridaceae) Cerbonia bR
Jovibarba heufelii (Schott) A.et D. Love Cheile Nerei, Cheile Carasului, R
(Crassulaceae) Ogasul Ursului, on lime rocks
Leucojum vernum L. (Amaryllidaceae) Platoul Plesiva \Y
leodorum abortivum (L.) Schwarz Cheile Nerei R
(Orchidaceae)
Linum uninerve (Rochel) Jav. (Linaceae) Cheile Nerei AR
Listera ovata (L.) R.Br. (Orchidaceae) Cheile Nerei R
Lunaria annua L. ssp. pachyrhiza (Borbas) Hayek | Beusnita Basin, Cheile Nerei, R
(Brassicaceae) Bel Sec V., Sasca Montana
Lychnis viscaria L. ssp. atropurpurea (Griseb.) . . .
Chater (Carvophyllaceae) Cheile Nerei, near the Beul Bridge R
Neotth nidus-avis (L.) L.C.M. Richard Cheile Nerei R
(Orchidaceae)
Onobrychis alba (Waldst. et Kit.)Desv. Beul Bridge: Beul V. R
(Fabaceae)
Onosma heterophylla Grieseb. (Boraginaceae) Beul V., Cetdtuia Pk., Sasca Ro bR
Ophryfs fuciflora (F.W. Schmidt) Moench Cheile Nerei R
(Orchidaceae)
0phrys scolopax Cav. ssp. cornuta (Steven) Canus Cheile Nerei R
(Orchidaceae)
Orchis coriophora L. (Orchidaceae) Nera V. R
Orchzs. laxiflora Lam. ssp. elegans (Heuffel) Soo Nera V. R
(Orchidaceae)
Orchis morio L. (Orchidaceae) Cheile Nerei, Cheile Carasului R
Orchis pallens L. (Orchidaceae) Cheile Nerei R
Orchis papilionacea L. (Orchidaceae) Cheile Nerei R
Orchis purpurea Hudson (Orchidaceae) Cheile Nerei R
Orchis tridentata Scop. (Orchidaceae) Cheile Nerei R
0r.n.zth0galum sphaerocarpum A. Kerner Lespedea Plateau, Beul Sec V. R
(Liliaceae)
Paeonia mascula (L.) Miller (Paeoniaceae) Cheile Nerei, Ducin V. V/R
Peu.cedanum longifolium Waldst. et Kit. Cheile Nerei bR
(Apiaceae)
Piptatherum holciforme (Bieb.) Roemer et .
Schultes (Poaceae) Beugnita R
Platan.thera bifolia (L.) L.C.M. Richard Cheile Nerei R
(Orchidaceae)
Primula auricula L. ssp. serratifolia (Rochel) Jav. Bigdr Spring; Ducin, Lisovacea AR

(Primulaceae)
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SPECIES / FAMILY LOCALIZATION gitcel;
Ranunculus flabellifolius Heuffel ex Reichenb. Beusnita Basin bR
(Ranunculaceae) ’
Rorippa prolifera (Heuffel) Neilr. (Brassicaceae) | Nera V. R
Rosa stylosa Desv. (Rosaceae) Cheile Nerei, Beusnita Basin R
RL_tbu:v bifrons Vest ex Tratt. ssp. banaticus (Nyar.) Sasca Romani R
Ciocarlan
Ruscus aculeatus L. (Liliaceae) Chelle Carasl}h}l, Ch'. Ne‘rel; . R
Lisovacea, Bigdr Spring; Ducin
Ch. Nerei, Poiana Florii; Plesiva
Ruscus hypoglossum L. (Liliaceae) Plateau; Pauleasca-Poiana Florii R
area; Bigar Spring; Lisovacea
Satureja montana ssp. kitaibelii (Wierzb.) . . . .
P W Ball (Lamiaceac) Cheile Nerei, Cheile Carasului R
Saxifraga bulbifera L. (Saxifragaceae) Plesiva Pk. R
Saxifraga marginata Sternb. (Saxifragaceae) Plesiva Pk. R
Scrophularia heterophylla Willd. ssp. laciniata
(Waldst. et Kit.) Maire et Petitmengin Cheile Nerei R
(Scrophulariaceae)
Scutellaria velenovskyi Rech.fil. (Lamiaceae) Beusnita Basin R
Secale montanum Guss. (Poaceae) Plesiva Mica Pk. R
Sedum cepaea L. (Crassulaceae) Cheile Nerei; Cheile Caragului R
Sempervivum marmoreum Griseb. (Crassulaceae) | Cheile Nerei; Cheile Carasului R
. Plesiva Mica Pk., Cornetul Inalt
Sempervivum montanum L. (Crassulaceae) Pk.. Plesiva Pk. R
Seseli gracile Waldst. et Kit. (dpiaceae) Cheile Nerei bR
Seseli rigidum Waldst. et Kit. (Apiaceae) Cheile Nerei bR
. o Cheile Nerei, Ch. Carasului, Ch.
Sesleria filifolia Hoppe (Poaceae) Minisului R
Silene flavescens Waldst. et Kit. Cheile Nerei R
(Caryophyllaceae)
Silene saxifraga L. ssp. petraea (Waldst. et Kit.) Carsa Beugnitei, Cornetul Inalt R
Gusul. (Caryophyllaceae) Pk.
Sorbus borbasii Jav. (Rosaceae) Carsa Beusnitei, Cornetul Inalt Pk. AR
Spiranthes spiralis (L.) Chevall. (Orchidaceae) Cheile Nerei R
Symphytum ottomanum Friv. (Boraginaceae) Cheile Nerei, V. Rea R
Cheile Nerei, under Carsa
Taxus baccata L. (Taxaceae) Soimului, Beugnita Basin; Bigar V/R
Spring
Thymus dacicus Borb. (Lamiaceae) Cheile Nerei \Y
. . Cheile Nerei, betwen the Beul
Valerianella coronata (L.) D.C. (Valerianaceae) Bridge and Sasca Romani R
Verbascum \./andasn (Rohlena) Rohlena Cheile Nerei R
(Scrophulariaceae)
Veronica crqsszfolza Wierzb. ex Heuffel Cheile Nerei R
(Scrophulariaceae)

A - endemic to Romania; b - subendemic; B — European areal; E - endangered; V - vulnerable; R - rare;
V/R - rare and vulnerable; I - indeterminate; K — insufficintly known (definition of terms detailed under
Material and Methods); Pk. — peak; V. — valley

The analysis of the bioforms reveals the presence of a large number of geophytes among the
rare plants (36%); this fact is mostly due to the import number of Orchidaceae among the
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species of the RLVP. The hemichryptophytes (34%) testify to the belonging of the studied
mountains to an area with temperate climate; the therophytes (5%), indicative of a more or less
arid climate and zoo-anthropic influences, have the lowest occurrence among the rare plants.
The flora of the studied region displays many thermophile elements, which either resisted in
these refuges during the glaciations, or migrated later into the Balkans. Southern species,
intricate with Balkanic, Eurasian, European, Central European, Continental, Pontic, Atlantic
and others, constitute complex phytocenoses on different altitude floors. Among the rare
Balkanic taxa identified in the Aninei Mountains are: Acanthus balcanicus, Alyssum
wierzbickii, Centaurea atropurpurea, Crocus flavus, Iris reichenbachii, Onosma
heterophylla, Silene saxifraga ssp. petraea etc. Together with the Daco-Balkanic taxa
(Saxifraga marginata, Scophularia heterophylla ssp. laciniata, Sempervivum marmoreum,
Thymus dacicus), the Balkanic elements represent more than one third of the taxa listed in the
RLVP. The Dacic elements are especially present on the rocky slopes, as well as in the
reliquary forest phytocenoses. Also on the limestone rocks, Southern, Mediterranean elements
can be encountered (Sedum cepaea). The phytocenoses from the subxerophyllous turkey oak
and italian oak forests, and the xerotermophyllous bushes, as well as the saxicol ones, are the
richest in rare species; the reservations established on the territory of the Aninei Mountains
mostly protect the floristic diversity of these formations.
3 3 Among the rare/vulnerable species that vegetate in the
& T ¢ 3 investigated mountains, some have an already firmly
LT established place among the medicinal plants (Angelica
f f. e "‘””‘ ~%  archangelica, Ruscus aculeatus, Orchis morio), other
17 ? are known in the folk medicine of the area (Acanthus
balcanicus — respiratory diseases, Jovibarba heufelii —
ear ailments). Most of the species listed on the RLVP
have not been investigated from a phytochemical point
08 of view, but researches performed on related taxa
suggest a promising phytotherapeutic potential. Some
examples in this regard are: Sedum sp. and
Sempervivum sp. [23], Ruscus hypoglossum [24],
Silene sp. [25], Erysimum sp. [26].

U 460 Well-known for the stimulating effect upon the
digestion, the subterrancan parts of Angelica
0 archangelica have been gathered since hundreds of

years. Even today, when this plant is under the
protection of the law in Romania, roots and rhizomes
of angelica are still taken from wild-growing plants, for
pharmaceutical purposes. In the Aninei Mountains, this
w4  species occurs sporadically, in groups of 2-3
individuals, along the superior course of the Minig
river, but mostly on the inferior course of the Barzava,
starting from the Barzdvita canton till after Viliug, in
the area of the Breazova lake (fig. 1). No inhabitant or
representative of the Sylvic Protection knows the fact that this plant is under protection. This
situation should be changed, else the danger of the disappearance of the species becomes
imminent.

Other medicinal species, like Ruscus aculeatus, Orchis morio, Acanthus balcanicus are only
rarely utilized in local folk medicine, and their populations are stable. Jovibarba heufelii
enjoys a good protection due to its vegetation on rather inaccessible, steep lime slopes;
additionally its utilization by locals is very limited. However, the existence of Taxus baccata

Fig. 1. The repartition of Angelica
archangelica in the Aninei Mountains
(lined surface: reservations)
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i1s more and more endangered, as its populations decline both in areal, as well in the number
of individuals.

Conclusions

In the flora of the Aninei Mountains, 95 taxa were included on the Red List of Vascular
Plants, due to their rare/vulnerable/endangered status. The completion of the lists of the
relevant Environment Protection agency will insure their better protection.

Supplementary measures must be taken in case of plants gathered in medicinal purposes,
especially Angelica archangelica; information of the representatives of the Sylvic Protection
upon the occurrence and status of these species will be performed. The introduction of
angelica into culture in the Barzava meadow could also be a good solution, as the vegetation
conditions are favorable and the area has a good accessibility.
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Summary

Topsin M is a common systemic fungicide used as protective/curative substance for alimentary and medicinal
plants. That’s why it’s relevant to evaluate the influence of Topsin M upon the morphological features of Mentha
longifolia, a volatile oil producing medicinal plant and parental species for the hybrid Mentha x piperita. We
noticed statistical significant variations (Oneway Anova) of the dimensional features of the leaves from Topsin
M treated plants comparing to the control.

Keywords: Mentha longifolia, Topsin M, morphological features
Introduction

The abusive and disordered employment of pesticides have the potential to harm human
health and the environment and pose ecological risk to ecosystems.

Because of possible health effects, widespread use and insufficient data, pesticide monitoring
in plants is necessary. Some of the pesticide monitoring aspects refere to the investigation of
the pestide influence on the morphological features of medicinal plants.

Data from literature report that pesticides may affect morphological features of plants, as
following:

- smaller and fewer leaves, smaller axial organs (carbamate and amido-type erbicides (5);

- depigmentations along the nervures, necrosis at the edge of the leaves (urea and
sulphonylurea derivates; alchyl N-phenylcarbamates and alchyl-N-phenylthiocarbamates)
(1,2, 3);

- variation of the lenght of the leave limb and the lenght of the whole plant (fungicides) (4).
Topsin M is a common systemic fungicide used as protective/curative substance for
alimentary and medicinal plants. That’s why it’s relevant to evaluate the influence of Topsin
M upon the morphological features of Mentha longifolia, a volatile oil producing medicinal
plant and parental species for the hybrid Mentha x piperita.

Materials and Methods

Plant materials were brought from the experimental lots in “Anastasie Fatu” Botanical
Garden, lasi. In this experimental area, parallel cultures of Mentha longifolia (L.) Huds. have
been made in 2001-2003 period.

Thus, every year there have been two experimental fields: a field which had no pesticide
treatment (control field) and a field which had been treated with pesticide.

The antifungal treatment was achieved in vegetative phase by spraying a wettable powder of
Topsin M 70 PU (TM) (Oltchim Rm. Valcea-Romania) as 0,1% and 0,4% aqueous solutions.
Investigated samples of Mentha longifolia are presented in table 1:
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Table 1. Samples of Mentha longifolia

Nr. Sample Codification
1. Control 2001 M.1. M 2001
2. Treatment TM 0,1% 2001 M.1. TM 0,1% 2001
3. Control 2002 M.1. M 2002
4, Treatment TM 0,4% 2002 M.1. TM 0,4% 2002
5. Control 2003 M.1. M 2003
6. Treatment TM 0,1% 2003 M.1. TM 0,1% 2003
7. Treatment TM 0,4% 2003 M.1. TM 0,4% 2003

The morphological study was achieved through the analysis of the parameters concerning
aspect, colour and dimensions of the leaves (officinal product) from both treated and
untreated plants, as following:

- the shape;

- the edges, base and top;

- covered hairs for the both faces of leaves;

- the length and breadth (cm), depending of the leaf insertion: top, middle or the base of
stem. For each type of leave, for each variant of treatment and for each control, there
have been made 10 measurements of the studied parameter.

The dimensional parameters data were statistically analysed through the Oneway Anova
method using J.M.P. Programme 5.0.1.2. (SAS Institute, Cary N.C., S.U.A).

Results and discussion

Mentha longifolia leaves from both untreated (fig. 1) and TM 0,1% (fig. 2) and TM 0,4% (fig.
3) treated plants have the some morphological features of the leave.

. W =
-
<4
w"

Fig. 1. Control plants
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Fig. 2. TM 0,1% treated plants
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Fig. 3. TM 0,4% treated plants

The leaves lanceolate or oblong were sessile and arranged opposite on stem.
The tip of the limb is sharp and the base is narrowed.The edges of the leaves are convex and
almost parallel and have triangular teeth, 1-4 mm distanced forward orientated.
The nervation is pennate and proeminent on the lower surface. Leaves have covered hairs
placed especially along the nervures on the lower surface.
The leaves are dark green on the upper surface and lighter on the lower surface.
The powdered leaves have an aromatic, characteristic smell.
The dimensional parameters of both untreated and treated vegetal material are shown in table
II, as minimal and maximal values registered for each type of leave.

Table 2. The dimensional parameters (cm) of foliar limb of Mentha longifolia

Top leaves Middle leaves Basal leaves
Year Sample
lenght breadth lenght | breadth | lenght | breadth

M.I. M 20-25 09-1.7 3.0-42 1.2-1.6 2.8-4.1 1.0-1.7
2001 M.L 24-29 14 -19 32-42 1.3-1.8 30-44 1.2-19

™ 0,1%

M.I. M 23-29 1.1-1.6 3.5-43 1.2-1.8 3.0-43 1.3-1.6
2002 M.L 1.9-29 0.8-14 3.6-42 1.1-1.6 3.0-4.1 1.2-1.6

™ 0,4%

M.Il. M 1.7-23 0.7-1.2 3.5-43 14-1.6 3.0-5.0 1.3-1.9
2003 M.L 23-33 1.2-19 3.8—-44 1.7-2.0 29-3.8 1.3-1.8

™ 0,1%

M.L 24-4 1-19 39-48 1.2-2.1 2.7-3.6 1.3-19

™ 0,4%

The dimensional parameters data were statistically analysed through the Oneway Anova
method using J.M.P. Programme 5.0.1.2. (SAS Institute, Cary N.C., S.U.A) (6).
Statistical data (x - mean; SD - standard deviation; p*- indicator for evaluation of statistical
significance) were presented in tables 3 and 4:

Table 3. Biometrical data of Mentha longifolia leaves — the length of foliar limb (cm)

e Is | Top leaves Middle leaves Basal leaves
r. ppampre X SD p* X SD p* X SD p*
1. M.L 2.23000 | 0.176698 3.71000 | 0.369534 3.22000 | 0.456557 | 0.6619
M 2001 0.0006 0.6643
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M.L 2.57000 | 0.188856 3.78000 | 0.339280 3.32000 | 0.545283
T™ 0,1%
2001

M1 M 2.61000 | 0.228279 | 0.3450 | 3.82000 | 0.342540 | 0.4504 | 3.39000 | 0.472464 | 0.8614
2002

M.L 2.49000 | 0.317805 3.92000 | 0.225093 3.43000 | 0.535516
T™ 0,4%
2002

M1 M 2.10000 | 0.240370 4.02000 | 0.274064 | - 0.645411
2003 0.18409 0.16502 | 4.39000 0.47821

M. 2.77000 | 0.394546 4.14000 | 0.206559 3.39000 | 0.369534
TM 0,1%
2003

M.L 2.94000 | 0.602218 | 0.35409 | 4.46000 | 0.283627 | 0.15498 | 3.17000 | 0.333500 | 0.69821
T™M 0,4%
2003

It is considered that the results are statistically significant if p* is lower than 0.05, in case of
2001 and 2002 samples, or if p* has a positive value for 2003 samples

Table 4. Biometrical data of Mentha longifolia leaves — the breadth of foliar limb (cm)

NF. Sample Top leaves Middle leaves Basal leaves
X SD p* X SD p* X SD p*
1. M.I. M 2001 | 1.24000 | 0.250333 1.41000 | 0.137032 | 0.0400 | 1.30000 | 0.262467
2. M.L 1.63000 | 0.176698 | 0.0008 | 1.57000 | 0.182878 1.52000 | 0.278089 | 0.0855
™ 0,1% 2001
3. M.1. M 2002 1.36000 | 0.171270 | 0.0150 1.48000 | 0.161933 | 0.3386 1.42000 | 0.113529 | 0.3618
4. M.L 1.15000 | 0.177951 1.40000 | 0.200000 1.47000 | 0.125167
™ 0,4% 2002
5. M.1. M 2003 1.01000 | 0.172884 1.52000 | 0.063246 | 0.14982 | 1.69000 | 0.196921 | - 0.19197
6. M.L 1.44000 | 0.195505 018511 1.84000 | 0.107497 1.66000 | 0.142984
T™ 0,1% 2003
7. M.L 1.34000 | 0.279682 | 0.08511 | 1.72000 | 0.234758 | 0.02982 | 1.61000 | 0.246982 | - 0.14197
™ 0,4% 2003

The statistical data reveal that the following dimensional variations compared to the

corresponding controls are significant:

- increase in lenght and breadth of the top leave limb at the 0,1% treated plants;

- increase in breadth of the middle leaves limb at 0,1% treated plants as well as an increase
of lenght and breadth of the same leave at 0,4% treated plants;

- decrease in lenght of basal leaves limb at TM 0,1% and TM 0,4% treated plants;

- increase in breadth of basal leaves at TM 0,1% treated plants.

Conclusions

Antifungal treatment with Topsin M did not affect morphological features of Mentha
longifolia leaves, excepting dimensional features.
We noticed statistical significant variations (Oneway Anova) of the dimensional features of
the leaves from Topsin M treated plants comparing to the control, as following:

- lenght and breadth of top leaves limb increase at 0,1% TM treated plants;

- lenght and breadth of middle leaves limb increase at 0,4% TM treated plants;

- only the breadth of middle and basal leaves limb increase at TM 0,1% treated plants;

- length of basal leaves limb decrease at TM 0,1% treated plants.
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CONSERVATION OF MEDICINAL AND AROMATIC PLANTS IN EUROPE -
A REVIEW OF CURRENT PROGRESS

Baricevi¢ Dea, KuSar Anita
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Summary

Conservation directives of ECP/GR MAP WG, which are congruent with Global Strategy for Plant Conservation
(GSPC) and European Plant Conservation Strategy (EPCS), are presented. In situ conservation of MAP genetic
resources in member countries will help to maintain the biodiversity of endangered, rare and vulnerable species.
Domestication of these species is an important task of conservation programs and involves regeneration of the
collected seed material of surveyed populations in order to assure the MAP material for their characterization,
evaluation and cultivation in the future.

KeyWOl'dS: medicinal and aromatic plants, conservation, directives, descriptors
Introduction

Studies on the uses of natural genetic resources in different cultural environments show a
strong relation between dietary habits and health of local population. Many wild plants were
used by indigenous peoples both as a food and medicine (Johns, 1999; Pieroni and Heinrich,
2003; Rivera et al., 2005). Besides characterization of environmental factors that affect
existence and distribution of natural genetic resources, the knowledge on traditional habits, of
ethnobotanical and general ethnographic characteristics of a particular area all serve as a
professional ground for prospecting for those wild genetic resources that can be of use in a
diet and/or medicine of local inhabitants (Heinrich, 2002; Heinrich, 2003; Bremner et al.,
2004; Heinrich et al., 2005). The existence of traditional medicine basically depends on plant
species diversity and the related knowledge of their use as herbal drugs. In addition, both
plant species and traditional knowledge are important to the herbal medicine trade and the
pharmaceutical industry, whereby plants provide raw materials and the traditional knowledge
prerequisite information (Tabuti et al. 2003). Together with growth in global demand for
medicinal plants and in local demand for plant based traditional medicines, the pressure on
the existing populations of medicinal plants has increased tremendously during the last few
decades (http://www.tifac.org.in/offer/tlbo/rep/S061.htm). Historically, most of these plants
grew in wild as a natural component of vegetation of a particular region. The necessary plant
material (roots, barks, leaves) have been collected and sold by the local people to the traders
and the industry and exporters purchased them from traders. Since there was no scientific
system of collecting or regenerating these plants in past, several plants have either been
completely lost or have become endangered.

In order to stop further biodiversity loss of natural resources of medicinal and other socio-
economically important plants, modern scientific methods must evaluate remaining stocks of
these populations in their natural habitats and secure their sustainable and permanent use
(Johns and Eyzaguirre, 2000; Johns and Eyzaguirre, 2002; Johns, 2002; Troppman et al.,
2002) in order to conserve an essential part of our natural and cultural heritage.

The main general aim and long-term goal of conservation of target species in their natural
habitats is to protect, manage and monitor the selected populations in the direction of
maintenance of the natural evolutionary processes, thus allowing new variation to be
generated in the gene pool that will allow the species to adapt to changing environmental
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conditions such as global warming, changed rainfall patterns, acid rain or habitat loss
(Heywood, 2004).

In many countries the excessive collection of wild plants was often combined with a loss of
habitat that resulted in a severe decrease of certain plant species. For that reason
domestication of wild medicinal and other socio-economically important plants is necessary
to allow intensive production to meet high demand - especially in the period of global trade,
massive and expanding markets for medicinal and herbal products. In the history of human
civilisation domestication of wild edible plant species and their agricultural production was
the key anthropogenic contribution to the production of agricultural surpluses, capable of
supporting urban communities. The maintenance and sustainable management of natural
habitats - ecosystems and biological resources is possible only after the basic decision change
from wild-gathering to agricultural production of any raw materials that has been subjected to
the growing commercial demand.

MAP biodiversity conservation in the light of global strategies and of EU legislation
When considering conservation and use of plant genetic resources of potential use in food and
agriculture (that have been assigned also as neglected, underutilized species, minor crops or
medicinal and aromatic plant species), community legislation that has an immediate legal
effect on the member states shall take into account relevant international processes,
developments and agreements, in particular as regards: the Convention on Biological
Diversity, the International Treaty on Plant Genetic Resources for Food and Agriculture, the
FAQO's Global Plan of Action for the Conservation and Sustainable Utilisation of Plant
Genetic Resources for Food and Agriculture, the European Plant Conservation Strategy and
programmes implemented under international frameworks such as the European Cooperative
Programme for Crop Genetic Resources Networks (ECP/GR), and the Consultative Group on
International Agricultural Research (CGIAR).

The Convention on International Trade in Endangered Species (CITES), which layed down
provisions for the protection of endangered species of flora and fauna, represents controls on
international trade in specimens of these species and is the basis of a worldwide policy on
protection of endangered species (Council Regulation (EC) No. 338/97, Commission
Regulation (EC) No. 939/97, Commission Regulation (EC) No.1808/2001, Commission
Regulation (EC) No 1497/2003, Commission Regulation (EC) No 834/2004).

Council Regulation (EEC) No 2092/91 of 24 June 1991 on organic production of agricultural
products (Annex I, point 4) lays down provisions on sustainable collection of edible plants
and parts thereof, growing naturally in natural areas, forests and agricultural areas,
postualating that the collection should not affect the stability of the natural habitat or the
maintenance of the species in the collection area. In addition, the German Federal Agency for
Nature Conservation (BfN), WWF and TRAFFIC and the Medicinal Plant Specialist Group
(MPSG) of the IUCN Species Survival Commission have developed a strong base of
expertise and knowledge and prepared practical standards and performance criteria in the field
of sustainable medicinal and aromatic plant wild-crafting (Klingestein et al., 2004). Their
efforts have resulted in an International Standard for Sustainable Wild Collection of
Medicinal and Aromatic Plants (ISSC-MAP) (Final draft of April 2006). However, when wild
collecting is the source for covering the demand on the expanding market of raw materials,
especially in the period of lacking the attention to illegal and unsustainable trade, one of the
major concerns still remains the risk of the loss of the plant species’ ability to regenerate,
when quantities of harvested material exceed the population limit.

On 26 June 2003, EU farm ministers adopted a fundamental reform of the Common
Agricultural Policy (CAP, Official journal L270 — 10/21/2003). On September 29, 2003, the
Agriculture Council formally adopted the legal texts of the June 2003 CAP Reform
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agreement. The CAP’s objectives include helping agriculture to fulfil its multifunctional role
in society: producing safe and healthy food, contributing to sustainable development of rural
areas, and protecting and enhancing the status of the farmed environment and its biodiversity.
The reform will completely change the way the EU supports its farm sector (Council
regulation (EC) No. 1698/2005).
The International Treaty on plant genetic resources for food and agriculture came into force
on 29 June 2004. Each country that ratifies the Treaty will develop the legislation and
regulations, needs to implement the Treaty. Treaty's objectives are the conservation and
sustainable use of plant genetic resources for food and agriculture and the fair and equitable
sharing of benefits derived from their use for sustainable agriculture and food security, in
harmony with the CBD and GSPC. The Treaty resumes the GSPC’s definition of sustainable
management and use of plant diversity that should integrate social and environmental
considerations, such as fair and equitable sharing of benefits and the participation of
indigenous and local communities. All actors involved benefit, in many ways:
- farmers and their communities, through Farmers' Rights;
- consumers, because of a greater variety of foods, and of agriculture products, as well as
increased food security;
- the scientific community, through access to the plant genetic resources crucial for research
and plant breeding;
- international Agricultural Research Centres, whose collections the Treaty puts on a safe
and long-term legal footing;
- both the public and private sectors, which are assured access to a wide range of genetic
diversity for agricultural development;
- the environment, and future generations, because the Treaty will help conserve the genetic
diversity necessary to face unpredictable environmental changes, and future human needs.
Long-term goals in this field are managed by numerous global strategic documents, which
were used in preparation of international conventions or national programs, i.e. World
Conservation Strategy (1980, IUCN, UNEP, WWF), Caring for the Earth (1991, IUCN,
UNEP, WWF), Global Biodiversity Strategy (1992 WRI, IUCN, UNEP) and especially
directives for conservation of medicinal plants: Guidelines on The Conservation of Medicinal
Plants (1993, WHO, IUCN, WWF), where the significance of ecology, identification and
traditional use of plants, as well as cultivation and conservation of plants both in sifu and ex
situ are strongly emphasized (Skoberne, 2002). Together with WHO Guidelines on good
agricultural and collection practices (GACP) for medicinal plants (WHO, 2003) these
guidelines offer the background supporting documents for many national and international
initiatives, programs and frameworks, aimed at improving the knowledge on distribution,
abundance, sustainable management and use of medicinal plants worldwide.
In April 2002 the European Plant Conservation Strategy (EPCS) was recognised as a
contribution to the Global Strategy for Plant Conservation (GSPC), adopted by the CBD
(Decision V1/9). The European Plant Conservation Strategy (EPCS) is a joint initiative of the
Council of Europe and Planta Europa Network, and will significantly help to raise the profile
of the Planta Europa Network's efforts to protect plants in Europe. It contributes also to the
Convention of Biological Diversity and the Pan European Biological and Landscape Diversity
Strategy (PEBLDS). The Planta Europa Network, at its 4" Planta Europa conference
(Valencia, September 2004), set itself a challenging agenda to be achieved by 2007. Among
seven ‘Critical Targets’, which were identified to provide the framework for Planta Europa
activities in next three years, the target 7 applies to the identification of best practice for
conservation and sustainable use of medicinal and other socio-economically important plants
and the promotion to relevant policy makers. This critical target corresponds to Target 3.1 of
the EPCS.
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The role of ECP/GR in conservation and sustainable management and use of MAPs
Conservation programs, aimed at conserving of natural heritage, at improvement of the
knowledge on the MAPs genetic variability and improving biological knowledge, including
MAPs-related user safety, as well as sustainable management and use of MAPs should be
promoted in the EU countries.

The International Plant Genetic Resources Institute (IPGRI) is committed to promote the use
of biodiversity for the greater well-being of people. Although medicinal plants are not a
preponderant part of IPGRI’s Agenda, the Steering Committee of the European Cooperative
Programme for Plant Genetic Resources Networks (ECP/GR), which operates through nine
broadly focused networks (http://www.ecpgr.cgiar.org/Index.htm), agreed on the
establishment of the Medicinal and Aromatic Plants Working Group (MAP WG) (in October
2001) in order to facilitate European collaboration in the field of conservation of natural
resources of MAPs and their sustainable use. Up to now the ECP/GR MAP WG met twice,
the first meeting was held in Gozd Martuljek, Slovenia, in September 2002 and the second in
Strumica, Macedonia, in December 2004. After the 1% meeting, the selection of 10 target
species/genera that will be used as model species (Achillea millefolium agg., Artemisia
absinthium, Carum carvi, Gentiana lutea, Hypericum perforatum, Melissa officinalis, Mentha
spp., Origanum vulgare, Salvia officinalis, Thymus spp.) has been made, enabling
development of specific MAP descriptors. MAP descriptor lists, harmonized with EURISCO
descriptors, have been prepared and proposed to the members as a working scheme during the
second meeting. The members, interested in the same species/genus, work on characterization
of specimens in situ and on evaluation of accessions within their gene banks. The reports,
obtained after evaluation of morphological, cytological and genetic characterization in situ
and evaluation of accessions ex sifu in each of the member countries will be presented during
the next meeting of the WG, which is planned for 2007.

The Group is expected to contribute to the development of the conservation strategy of MAPs
at the European level. Legislative limitations, implemented by EU trade regulations on
endangered MAPs and low knowledge of biological conditions and biodiversity status urge
for coordinated action and involvement of European experts and scientists. Efforts are to be
carried out in partnership with a variety of actors (at local, national and international level)
and deploying a variety of tools that contribute more effectively towards the common scope —
conservation of MAPs and their habitats in the European region.

The inventory and monitoring of endangered MAP species and their ex sifu maintenance, the
study of intra-specific diversity, the assessment of threats, preparation of relevant descriptors
and successive evaluation of ecotypes are just some of the research programmes that would
contribute to the knowledge on current gene pools of MAPs and the degree of vulnerability in
individual countries. The field work should be restricted to the areas, which have been
assessed at the national level of the relative importance for each natural habitat type in
member countries.

Best practice for the conservation and sustainable use of medicinal plants (and other
sociologically important plants) that in majority occur outside protected areas (protected area
per se already represents a protection measure) would be the study and identification of risks
of biodiversity loss, promotion of appropriate conserving measures to relevant policy makers
and policy-based conservation actions.

Monitoring the impacts with bad influence on the status of the endangered species could be
considered as an important factor in notification of biodiversity drop. Plant species can be
endangered due to the loss of habitats because of natural succesion (reforestation) or due to
direct extermination (collecting, meliorations, agricultural activities, infrastucture, etc.). For
the conservation of the natural species populations some extra measurement are needed. The
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in-situ and ex-situ measures should be coordinated, especialy the propagation of the plants for
the reintroduction and establishing of suitable environmental conditions for their further
domestication. The study of the level of endangerness of species populations are the basis for
their effective conservation. For threatened species (whether of known economic importance
or not) ecogeographical surveying should be undertaken, the extent of the genetic
representation in the natural habitat assessed, actions undertaken to control or remove the
factors that cause the threats and the detailed management or recovery should be planned and
implemented through natural resource managers, local communities and policy makers.

Seed material from rare and vulnerable species should be collected and tranferred to
appropriate ex situ collections, where the plants should be propagated. Thereafter,
morphological, citological, usage and chemical characteristics of plants in different
developmental stages would be recorded. In case of not threatened species ecogeographical
surveying should be undertaken to establish the amount and distribution of genetic variation,
potential changes in population size in natural habitat (in situ) as well as to assess the
conservation needs. Domestication of wild species that indicate a trend in economic
importance should be promoted, independently on the species endangerness status.

In this context one of the most important scopes of the ECP/GR MAP WG are to develop
professional standards/criteria, which could be of immediate use in member countries in order
to follow up current status of MAP populations in their natural habitats and which would
point out, which of the measures should be addressed to the management of target species in
order to control/prevent its biodiversity loss.

ECP/GR MAP WG results (2002 — 2006)
The MAPs WG working plan covers activities related to documentation, characterization/
evaluation, ex situ, in situ and on farm conservation of MAPs. Harmonization of
methodologies for evaluation of natural plant populations and their habitats is based on the
principles of a descriptor system. Descriptors needed to be set up on the basis of observations
and measurements of floristic and phytocoenological data, morphological, chemotaxonomic,
cytological and genetic variables. These should meet the criteria of population characters
significance and distinctiveness.

A descriptor-based approach consists of five categories of descriptors, with the following

descriptor categories:

1. Passport and Collecting descriptors describe all parameters which have been obtained
during inventarization and/or survey (mapping) of genetic resources and provide basic
information for managing of accession, including registration, identification, ethno
botanical and ethnographic data. Collecting descriptors comprise all data registered at
field working, and which describe natural habitats together with natural genetic resources.

2. Management descriptors consist of prescriptions and technical instructions for preparation
of genetic material and conditions for long-term maintenance of accessions. Protocols for
preparation (pre-condition) of genetic material, its maintenance and multiplication
(regeneration), based on international standards and regulations, are to be set up.

3. Environment and Site descriptors explain environmental (geographic, soil-pertaining,
topographic, phytocoenological, micro-climatic) and habitat-specific parameters, which
are important for distribution and assessment of abundance of populations,
characterization, evaluation as well as for assessment of useful properties of a particular
genetic source, which can be attributed to the interaction between ecotype and
environment.

4. Characterization descriptors express morphological, taxonomic, cytological, chemical,
production (biomass/m”) characteristics of respective specimens (20 — 25 entities per
population) of genetic source and are crop-specific. Characterization descriptors have

Section | 28



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

been prepared for 10 model species that MAP WG selected for the study during the first

phase.
Evaluation descriptors will be used in ex situ evaluation of genetic resources of a
specimen under study (20 — 25 entities per population) and consist of

observations/measurements of plant biomass (fresh and dry in g/plant), of regeneration
potential (weight of 1000 seeds, possibility for vegetative propagation), of earliness
(measured by developmental stage), of determinations of the contents of the secondary
metabolites and of evaluation of sensitivity of a genetic source for abiotic and biotic stress
factors, with a characterization of a stress factor.

The WG members agreed that development of relational databases would advance the work
on evaluation of MAP species. All data collected in the process of inventarization, mapping
and evaluation of natural genetic resources and of genetic resources ex situ would be jointly
interlinked by relational pointers into such an information database (national and/or
international).
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Summary

Fungi have a long history of usage in traditional medicine. The content of medicinal species (about 200 species)
has not been researched enough in Macedonia. Therefore, in the present study an attempt has been made to
present the medicinal species of macromycetes recorded in the Republic of Macedonia together with the
literature data for their effects in human therapy. Their large number facilitates selection of those characterised
by a significant medicinal quality.

Keywords: medicinal, macromycetes, R. Macedonia

Introduction

The territory of the Republic of Macedonia has been relatively poorly investigated from
mycological aspect. Until now, few systematic analyses of fungi have been made what
explains the fungia in some regions of the country (e.g. Pelister, Jakupica, Galicica, Kozuf,
Sar Planina etc).

The first mycological paper in the Republic of Macedonia was published by Ranojevic [1] in
1909. Sydow determined fungi collected by Bornmiiller in Macedonia in 1921 [2]. The
published papers by Lindtner [3-5], are of great importance. He investigated micromycetes,
but also he collected macromycetes and the results were partially published by Pilat &
Lindtner in 1938 [6] and 1939 [7]. Litschauer [8] in 1939 gave a great contribution to the
investigation of corticoid fungi, especially from the genus Tomentella from Sar Planina and
Korab. Minev [9] in 1953 explored mycosis on pine and fir trees in Pelister. About higher and
lower fungi, parasites and saprophytes on forest trees, the following authors were writing:
Tomasevic [10] (1955), Grujoska [11-13] (1970, 1973), Serafimovski & Grujoska [14]
(1959), Koleva-Sekutkovska [15] (1959), Serafimovski and al. [16] (1968), Grujoska &
Papazov [17, 18] (1974, 1975) and Papazov [19, 20] (1973, 1983). Higher fungi from the
Macedonian pine forests on Pelister were investigated by Tortic in 1967 [21, 22] and 1987
[23], and also on Jakupica by Tortic and Cekova in 1975 [24] and by Sylejmani in 1980 [25].
Lignicolous fungi in the sub-Mediterranean region of Macedonia were explored by Tortic &
Karadelev [26] in 1986, as well as on Kozuf, Nidze, Pelister and Galicica by Karadelev [27,
28]. Tortic included 585 species of macromycetes in the first Macedonian mycoflora [29].
Recently Karadelev has continued the investigations on fungi in various Macedonian areas
[30-34].

Fungi represent a very heterogeneous group of organisms. However, studies to date have been
concerned mainly with Ascomycota and Basidiomycota. The other phyla have been studied
insufficiently. Thus far, in the Republic of Macedonia approximately 1,250 species of fungi
have been recorded [35]. The majority of them belong to the phyla Ascomycota (130) and
Basidiomycota (1,050).

This plentiful gene fond of fungi might be a potential source for isolation of active principles
with antioxidative, antitumor, immunomodulative, antiinfective and other actions [36-57].
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Material and methods

The Division of Mycology within the Faculty of Natural Sciences (Institute of Biology),
possesses a large collection of macroscopic fungi called Fungi Macedonici. The collection
contains approximately 10,000 specimens as well as a fungi database named MACFUNGTI.
Literature data for the antioxidative, antitumor, immunomodulative, antiinfective and other
actions of fungi found on the territory of the Republic of Macedonia are included in the
following databases: PubMed, Chemical Abstracts and Hinari.

Results and discussion

By synthesis of the secondary metabolites the enormous practicability of fungi as biosystems
that humans can manipulate for their own benefit, could obviously be emphasized.

Although the majority of these metabolites were isolated from representatives of the
subdivisions Zygomycotina and Ascomycotina, recently investigations have been transferred
to the subdivision Basidiomycotina. The advantage of the higher fungi is that in most of the
cases cultivation in laboratory is not necessary. Their macroscopic fruiting bodies could easily
be identified in nature and collected if necessary. Especially interesting are the species that
extensively grow on various substrates or forest phytocenoses.

According to the action of their metabolites fungi could be divided into: bazidiomycetes with
antibacterial, antifungal, antiviral and anticancer (cytostatic) action

1. Bazidiomycetes with antibacterial action

Berdy (1974) [36] quoted 3222 antibiotics, out of which 140 were isolated from
representatives of the subdivision Basidiomycotina.

From the submerged culture of Merulius tremelosus the following antibiotics have been
isolated: merulic acid A, B, C (also present in Phlebia radiata) and merulidial who acts
bactericidally on Gram-positive (Micrococcus roseus, Corynebacterium insidiosum, Bacillus
brevis, B. subtilis, Streptomyces viridochromogenes, Sarcina lutea), Gram-negative (Proteus
vulgaris) and antifungal on micelial fungi and yeasts [37].

From Stereum hirsutum hirsutic acid was isolated with effects on Micrococcus pyogenes,
Corynebacterium diphteriae and Neisseria meningitis, from S. rameale - ramealin, active
against some Gram-positive bacteria, and from the related Xylobolus frustulatus antibiotic
frustulosinol, active against Staphylococcus aureus, Bacillus mycoides, B. subtilis, Vibrio
cholerae, and in higher concentration on some fungi [38].

From the poroid species of Hirschioporus pargamenus antibiotics biformin and biformic acid
were reported with wide spectra of action on Gram-positive bacteria, Mycobacterium phlei
and against fungi; on Piptoporus betulinus - poliporenic acid A and C, active against Gram-
negative bacteria (Escherichia coli) and Mycobacterium phlei. Extract from this fungus is
successfully used in therapy of brucellosis. From the species Heterobasidion annosum
phytotoxins fomanosin and fomanocsin were isolated with antibacterial action, and from
Pycnoporus cinnabarinus - cinabarin active against Gram-positive bacteria and Mycrococcus
pyvogenes. From Gloeophyllum trabeum termofilin was isolated, active against cocci, and from
G. sepiarium antibiotic lenzitin was reported with vigorous bactericide and bacteriostatic
action on many Gram-positive and Gram-negative bacteria. From the species Laetiporus
suphureus and Phellinus igniarius sulfuridin was reported with bacteriostatic action on Gram-
negative bacteria [39, 40, 41].

From Agaricales the following antibiotic compounds were isolated: Agrocybe aegerita -
egeritin, with wide spectra of action; Marasmius alliaceus - aliakolid, with antibacterial and
antifungal action and crystal aliacol A and B; Hypholoma fasciculare - fasciculol D with
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action on Staphyllococcus aureus and Klebsiella pneumoniae. From the species Agaricus
bisporus agaritin was isolated [42]; from A. campester, kampestrin, which was used against
typhoid and some other bacteria; from A. xanthodermus, psaliotin with bactericidal action on
Gram + and Gram - bacteria. From the culture of Colibia peronata antibiotic compound was
isolated active against Staphyloccocus aureus, the species Coprinus picaceus is used as a
producer of a picace acid, active against micrococcus and typhoid. From the Lactarius
deliciosus antibiotic compound named as laktaroviolin was isolated, active against
Mycobacterium tuberculusis, as well as laktarazulen and laktarofulven, till from the related
species Lactarius rufus a compound active against micrococcus was isolated. From the
species Lepista nebularis antibiotic nebularid was isolated with action on Mycobacterium
tuberculosis, and from the related Lepista nuda, nudic acid A and B with action against Gram
+ and Gram - bacteria. From dried fruit bodies water extracts of Lucopaxillus giganteus and
Leucopaxillus candidus antibiotics klitocibin A and B were isolated with bacteriostatic effect
on penicillin-resistant bacteria. From the species Marasmius scorodonius skorodonin was
isolated with inhibition action on yeast and bacteria [43].

From lignicolous Gasteromycetales, the folowing antibiotics were isolated: from Cyathus
striatus - striatin A, B and C, active against Gram + aerobic and anaerobic bacteria, some
Gram - bacteria and against Fungi imperfecti [44].

Musilek (1981)[45] investigated 338 culture races from 195 species of Bazidiomycetes on
representatives of Gram + bacteria (Bacillus subtilis), Gram - bacteria (Escherichia coli) and
fungi (Candida pseudotropicalis), and 101 of them or 51.7% showed antibiotic activity.

2. Antibiotics with antifungal action

Among the above mentioned: merulidial, frustulozinol, biformin, egeritin and striatin, which
besides antibacterial poses and antifungal action, from some species of macromycetes are
isolated compounds with purely antifungal action. From Gloeophyllum sepiarium oosplakton
was isolated, from Omphalotus olearius iludin M and S and lampterol, from Oudemansiella
mucida mucidermin, active against Candida spp. (C. albicans, C. tropicalis, C. pseudotro-
picalis, C. guilermondii, C. Krusei etc), dermatophytes (Trichophyton, Epidermophyton,
Microsporum etc) and against some keratomycosis. This species poses affirmed antifungal
action on 30 dermatophytes. From the same species preparation oudemansin was isolated, and
from Oudemansiella radicata oudenon was isolated which beside antifungal posed
antihypertensive action, too [46, 47].

3. Bazidiomycetes with antiviral action
From poroid species Pyrofomes demidoffii antiviral compound active against poliomyelitis
entitled as fomecin A was isolated [48].

4. Bazidiomycetes with cytostatic action

Based on the investigation of 7000 collections of cultures of micromycetes, their cytostatic
action was verified on sarcoma 180, adeno carcinoma 755 and leukaemia L-1210, anticancer
compounds were evidenced in 50 species from 20 various genuses. In these investigations the
following species were enclosed: Tricholoma rickenii, Lepista luscina, Coprinus ephemerus,
Lentinus lepideus, Schizophyllum commune, Clitopilus passeckerianus, Oudemansiella radi-
cata, Gloeophyllum sepiariumn, and the representatives from the genuses: Irpex, Merulius,
Polyporus, Boletus, Corticium, Stereum, Poria, Pholiota, Agaricus and Morchella [49,50].
From the representatives of ordo Aphyllophoralles the following anticancer compounds were
isolated: from Merulius tremellosus - merulidial, active against carcinoma Ehrlich; from the
extracts of Fomes fomentarius and Piptoporus betulinus, preparations for treatment of
carcinoma of mammary gland, and carcinoma Sticker are prepared and from /Inonotus
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obliguus - inotodiol with proved cytostatic action and oblikvol with cytostastic effect on
sarcoma in mice. From dried and minced imperfect fruit bodies of 1. obliquus preparation
noted as "Befungin" is prepared in Russia. It is used for healing various types of carcinomas,
and also has tonic action and normalises the disorganized enzymes functions [51, 52].

From the genus Agaricales the following anticancer compounds are detected: from
Omphalotus olearius - iludin M and S; Pleurotus ostreatus; Flammulina velutypes - flamulin;
Marasmius alliaceus - aliakol A and B; Armillaria mellea s.1.- peptidoglucan fraction B;
Agaricus campestris - agaridoksin, Amanita phalloides - amanulin. From the water extract of
dried fruit bodies of Boletus edulis compounds active against some types of sarcoma are
isolated. From Phalus impudicus antitumour compound is described which has manifested
good results in healing of skin cancer. Antibiotic nebularin isolated from Lepista nebularis
has showed antitumour action. From the fruit body of Tylopilus felleus compound with
antimicotic activity was tested on cancer cells [43, 53, 54, 55, 56].

From lignicolous Gasteromycetales anticancer compounds were verified in Lycoperdon
pyriforme [57].

Almost all of the above mentioned species are registered in the Republic of Macedonia. They
are with different distribution and frequency. In adequate conditions extensively grow of
some species occur. In beech forests, generally in autumn, large quantities of the following
species appear: Marasmius alliaceus, Oudemansiella mucida, O. radicata. They grow only on
Fagus, but the parasite Armillaria mellea s.l. in addition to its beech extensive grow it is
found on oak and Molika-pine forests (Pelister), too. It is of special interest the extensive
presence of Fomes fomentarius which in some parts of Europe became rare, but in Macedonia
grows as a parasite and saprophyte on 10 hosts, most often on Fagus sylvatica. Fomes
fomentarius is particularly frequently found on the beech forests on mountain Kozuf. From
the other species the following are frequently found on Fagus: Hypholoma fasciculare,
Merulius tremellosus, Pycnoporus cinnabarinus and Pleurotus ostreatus, although they could
be found on other substrates, too.

The following non - specific and wide-spread species could be distinguished: Stereum
hirsutum, in Macedonia grows as a saprophyte on 28 various kinds of trees and bushes,
Trametes versicolor on 21 species, Schizophyllum commune on 11, Flammulina velutipes on
11 (especially frequent on cultivated trees and bushes) and Laetiporus sulphureus (prefers
Salix spp.) on 6 different substrates.

From the coniferous species, the following could be found Heterobasidion annosum, as a
parasite on the roots of Abies, Picea and Pinus (rare Fagus) and Gloeophyllum sepiarium, as a
saprophyte on Picea and Pinus peuce.

From the substrate specific species are: Agrocybe aegerita that’s grows frequently as a
saprophyte on the trunks of Populus spp., Phellinus igniarius as a parasite on Salix spp,
Pyrofomes demidoffii on Juniperus excelsa, Piptoporus betulinus and Inonotus obliquus on
Betula spp. Inonotus obliquus species is still not registered in Macedonia, probably because of
poor investigation on its host.

Rare species in Macedonia or those insufficiently investigated are the following: Cyathus
striatus (frequently on beams and prepared wood), Gloeophyllum trabeum (Populus),
Trichaptum biforme (Betula, Fagus), Lentinus lepideus (Pinus peuce), Lycoperdon pyriforme
(Fagus), Omphalotus ollearius (Quercus) and Xylobolus frustulatus (Quercus).

Conclusions
In this paper selection has been made of compounds with antibacterial, antifungal, antiviral

and cytostatic effects, isolated from the medicinal species of macromycetes recorded in the
Republic of Macedonia.
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Some of the registered medicinal species: Armillaria mellea s.l., Fomes fomentarius,
Marasmius alliaceus, Stereum hirsutum, Trametes versicolor etc, very frequently could be
found on beech and oak forests in mass quantities on the territory of the Republic of
Macedonia.

Their large number will facilitate selection of those characterised by a significant medicinal
quality for our further investigations.
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Summary

Albania offers a wide range of Aromatic and Medicinal plants which presently sell to the International markets
mainly as bulk dried and essential oils. Over 95% of Albanian Medicinal and Aromatic plants are wild
collections grown all over the country. The most important export items are Sage, Oregano, Juniper, Thyme,
Savory and Laurel. Transitional developments in the country, over the last decade, contributed to a new design
of this industry which in the meantime introduced several challenges. Considering the maxim “Don’t put all

5

your eggs in one basket!”, it is important to search for new ventures although these are always risky. While
Albania is on the way to become an EU member country, the Albanian herb and spice industry businesses should
start preliminary preparations preceding the integration process, which means firstly an effective management
system to ensure that MAP harvesting from the wild and protected areas are properly administered, and
secondly more information on the international plant trade and regulation.

Keywords: Albania, herbs, industry, spices, trade

Introduction

Albania, part of the lush Mediterranean basin, has a very rich flora with about 3250 native
vascular plant species, distributed in 165 families and about 910 genera (Paparisto et al.,
1989). This number comprises about 30% of the ca. 11.600 European species. Albania offers
a wide range of Aromatic and Medicinal Plants (MAPs) giving the country a competitive
trade advantage. About 250 different plant species are wild harvested for medicinal and
aromatic use in Albania (Vaso, 1997). The MAP biodiversity includes, to a considerable
extent, indigenous species. An excellent example is Gentiana lutea which is a plant named
after Illyrian King Gent; such a name was inherited over the centuries and is very popular
even to date.

Local use of Medicinal and Aromatic Plants has deep roots and a long tradition in Albania in
treating human diseases. It appears that at least a century ago man valued herbs as medicinal
agents as noticed by the British traveller Edith Durham, who was astonished by the
knowledge owned by some local people on the north Albania on the use of MAP in remedies
for disease (Durham, 1910; 1923). MAPs have been an important Albanian export commodity
for many years. Until the early 1990s, the purchase of cultivated or wild harvested MAPs and
trade in these materials were exclusively state controlled. State organisations and authorities
sold the purchased plant material to the central, state-owned “Agroexport”, which exported
either the dried MAP raw material or distillations thereof (Qendro et al., 2004). Albanian
MAP industry experienced significant changes during the transition towards the free market
economy; originally functioning under the centralized system as an auxiliary economic sector,
this industry has now become one of the weightiest components of the agricultural overall
exports. Many exports are shipped to Western European countries, and a large number of
private companies have taken over the formerly state-controlled trade.

However, it is important that for the harvesting and trade of MAPs, the ecological, the social
and the economic issues should be considered. We discuss the actual trends in MAPs
harvesting and trade. Some recommendation that might have a positive impact on the

Section | 38



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

conservation of the MAPs species diversity and the welfare of the harvesters and the economy
of the country are given.

Material and methods

This paper represent a review of the most relevant and recent scientific reports and studies
about the Medicinal and Aromatic Plant in Albania as well as relevant legislation and seeks to
gain understanding of MAP collection scale and intensity, trends, likely future trends etc. The
review is based on the information collected from local-level stakeholders and from
individuals at the various departments of the General Directorate of Forest and Pastures,
Ministry of Agriculture and Food, Ministry of Environment, international and national non-
governmental organizations with an interest in MAP exploitation and private enterprises
involved in the business of MAP.

Results and discussions

1.1. Albanian MAP Industry Profile

Restructured and adjusted to synchronize with the international market demands, trends and
developments, the industry diversified the products supplied thus continuing to maintain its
position as a “demanded supplier”. Wild collections, which enjoy excellent biological
characteristics, are processed and sold to the international markets as a) dried bulk, b)
essential oils, and c) fresh herbs.

Albania’s major export MAPs are Sage, Thyme, Oregano, Savory, Hawthorns, Red clover,
Lemon balm, Rose hips, Rosemary, etc. Sage has always been and still is the dominating
export item. United States Department of Agriculture data indicate that Albania is the main
international Sage supplier to the US providing 60% of total imports (Figure 1). It is assumed
that another 20 % of Sage that enters the US market is of Albanian origin which transits
European countries.

US SAGE Market Share

Mexico
Germany 2% Macedo nia

2% 2%

Cro atia
% Albania
%
Turkey 29
26%

Source: USDA, Foreign Agricultural Services, 2005
Fig. 1. US Sage Imports by countries
Albanian MAP Industry businesses have intensified their business initiatives and efforts
towards increasing industry’s competitiveness capacities worldwide by heavily focusing on

continuous increase of quality of final products, value adding, technology upgrade, marketing
and market learning and business development and expansion.
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1.2. Albanian MAPs Industry Challenges

MAPs in Albania represent an export industry; as such it is difficult to handle even in
developed countries. Albania is still e developing country and the transition derived changes
contributed to a new design of the industry, and introduced in the meantime several
challenges which while facing them served as a great learning experience for the industry
businesses for their successful survival and performance.

Migration of harvesting power towards urban areas diminished well experienced labor thus
affecting the quality of harvesting raw material. In addition, inapt physical infrastructure
directly influenced the increase in the overall productions costs. Moreover, legal framework
on the other hand hasn’t been very stimulating particularly delayed VAT reimbursement.

It is worth noting though external factors that driven by low purchasing prices interfere with
the quality of the products exported from Albania thus indirectly impairing the reputation of
the country.

1.2.1. Market place Timing: The most important Key to profitability

Marketplace timing is a key factor that is directly linked to the business profitability as if high
quality spices, herbs and essential oil products are delivered on time that ensures long
standing partnerships and sound reputation of supplying country. As most of the Albanian
herb and spice businesses were born during transition, lack of international business
management and industry specifics experience and inadequate market information slowed
down the integration of these businesses into the worlds market, yet excellent biological
properties and wide range of the Albanian herb and spice flora helped international markets
still place inquires for these items. With time (16 years after break down of system), Albanian
herb and spice businesses leant to be responsive to immediate market demands and honor the
contractual agreements even though numerous are the cases of missing trade business
opportunities which if captured would have significantly contributed to countries’ overall
export values (USD).

1.3. Albanian MAPs Industry Highlights

Despite the challenging working environment, the MAP industry in Albania developed and
progressed thus contributing to the prosperity of all the levels involved in the harvesting,
processing and export of the MAPs in the country. The United States Department of
Agriculture data depicts a significant annual increase in export of the Albanian Sage (Table
1). It is noted a slight drop down in quantity of sage exports in 2004 versus 2003 (severe
droughts and dollar drop down), yet the dollar value is increased due to value adding / further
processing of this product in the country. Whereas the highest increase ever in dollar value is
recorded in 2005 (it obviously triples the export figures of the previous year). This shows
serious engagements and investments of the industry businesses for higher quality and
diversified products.

Value adding has become the driving force of the MAP industry in Albania; as a result at
present the industry supplies to international markets, in some cases for the first time ever:

a) higher quality final products,

b) organically certified MAPs (EU and NOP certified),

¢) further processed products — ASTA Quality and Rubbed Sage,

d) new packaged formulations (herbal curative teas and cocking spices).
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Table 1. US Sage imports from Albania

uantit Value % Increase
No | Year Q(MT) Y (000 USD) in Value
1 2003 1,610.6 2,578
2 2004 1,431 2,852 10
3 2005 2,007 4,97 34

Source: USDA, Foreign Agricultural Services, 2005

Additionally, technology upgrade has been major component of companies’ investments and
focus consisting in processing and production capacities expansion and improved plants
operations and management. This led to an increase in volumes and improved quality of
exported products which in turn contributed to higher business profit margins.

Apart from sage, the most frequently collected MAP species and herbs include oregano
(Origanum vulgare), thyme (Thymus vulgaris spp.), Bay tree leaves (Laurus nobilis),
Juniperus spp., Urtica spp., Hypericum perforatum, Viscum album, Lavandula officinalis and
rosemary (Rosmarinus officinalis). An estimation of the annual quantity exported as dried raw
material and their value is given in the Table 2.

Table 2. Annual quantities of MAPs exported from Albania lIbania

Quantity Value
Year [tones] (000 USD)
1997 4000 5583
1998 8 000 9063
1999 8 875 10 303
2000 7411 9950
2001 9 980 11737
2002 9 500 14 760
2003 8 800 12 850

(Source: Qendro et al., 2004)

Immense are industry businesses efforts to perform direct export sales to final export markets
in order for more dollar value to remain in the country; and those market segments previously
overlooked because of their size are being considered and dealt with which in turns increases
overall businesses profit margins.

1.4. Albanian MAP Industry Opportunities

MAPs natural resources in Albania are estimated to be three times higher than what is
presently being harvested and exported (FAO, 1993, Kathe et al., 2003). This definitively
represents great potential for future development in the export volumes which will certainly
bring more dollar value in the country as well.

Along with increased export volumes, MAPs industry is in the position to offer much a
diverse export products basket supplying competitive items like properly cleaned products,
oleoresins, organic products, cultivated based dried and essential oils, etc.

Training and education of all levels of the industry will definitively contribute to quality
improvement from the collection all the way to final processing and production. Training will
help educate businesses cope up with the up to date international standards and requirements
thus immediately react and better answer market needs; it will also help educate on the
sustainable use of MAPs in order for next generations to still enjoy and benefit from these
natural resources.
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ASTA specifications, GMP and GHP systems implementation will definitively help MAP
industry businesses in Albania increase quality control and assurance thus not only remaining
competitive but also increasing their share in the global markets.

1.5. Cultivating Medicinal Herbs as a Small Enterprise
Albania’s key competitive advantage in the world markets is the wild collections. With
dwindling supplies from natural sources and increasing global demand, the MAPs will need to
be cultivated to ensure their regular supply as well as conservation. Moreover, most wild
spices, herbs and essential oils crops are labor intensive; therefore, less challenging
alternatives which would significantly reduce labor, time and overall costs and would increase
the quality of final products have been explored and experimented over the years in Albania.
Prior to the political changes in 1991, rosemary (Rosmarinus officinalis) was cultivated on a
fairly large scale by some co-operatives; once the land had reverted to private property again,
the cultivation of rosemary almost ceased to exist Recently rosemary is once again the most
commonly cultivated species. Other major export herb and spice plant species such as
lavender (Lavandula officinalis), thyme (Thymus vulgaris), coriander (Coriandrum sativum)
and Satureja montana are being cultivated in various eco-zones of the country as small scale
commercial activities undertaken by leading export businesses and/or associations which
basically intend to:

a) Supply valued added products to international markets;

b) Utilize non-productive lands;

c) Create job opportunities for non migrating rural community;

d) Reduce pressure on plants populations;

e) Increase control of companies over quality and supply

f) Increase profitability
However, practically speaking cultivation is not seen as a trendy development of the
Albania’s herb and spice industry; it is basically seen as a small enterprise activity and applies
to fast-growing, not space-demanding, and high-yielding species are economically attractive
to commercial growers.
Since many of the MAPs are grown under forest cover and are shade tolerant, agroforestry
might offers a convenient strategy for promoting their cultivation and conservation. Several
approaches are feasible: integrating shade tolerant MAPs as lower strata species in multistrata
systems; cultivating short cycle MAPs as intercrops in existing stands of plantation tree-crops
and new forest plantations; growing medicinal trees as shade providers, boundary markers,
and on soil conservation structures; interplanting MAPs with food crops; involving them in
social forestry programs; and so on (Rao et al., 2004).

1.6. Risks and Problems for the Grower
There are about 7-10 individual herb and spice businesses that are presently cultivating.
While their interest on cultivation tends to increase, these growers are faced with challenges
that affect initiative and performance of such activities. Critical demolishing factors that
influence large scale/extensive cultivation in Albanian primarily are:

1. Land segmentation;

2. Lack of “Contractual farming” practices;

3. Differences in quality and yield introduced by imported herb and spice chemo-types;

Conclusions

Rapid changes in the global economy represent a big challenge for the Albanian herb and
spice industry businesses. Within this challenging business environment, intensive and serious
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efforts are being made to increase their competitiveness capacities in order to maintain the
existing trade links and/or capture new market segments. As a result of over-harvesting, land
conversion, erosion and other factors, the populations of some MAP species traditionally
collected in the region have declined considerably; some species have become rare, threatened
or vulnerable. It is important to search for new ventures although these are always risky.
Albanian herb and spice industry businesses should start preliminary preparations preceding
the integration process, which means firstly an effective management system to ensure that
MAP harvesting from the wild and protected areas are properly administered, secondly shift
to cultivation of MAPs and thirdly, more information on the international plant trade and
regulation.
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MEDICINAL PLANT COLECTION FROM THE BOTANICAL GARDENS OF THE
STATE UNIVERSITY OF MEDICINE AND PHARMACY

Bodrug Mihai

SMPU “Nicolae Testemitanu”, Faculty of Pharmacy, Chisinau, R. Moldova

Summary

More than 200 taxons are included in the collection of the medicinal plants which represent the authohthone and
aloohthone flora and contain different Biological active substances: hetherosids, volatile oils, alkaloids,
cumarins, etc.

Keywords: State Medicine and Pharmacy University, Medicinal plants

Introduction

The Medicinal plants and the Biological active substances from them, which are used in
treatament of different diseases, don’t have adversed effects practicaly. That’s why the
interest to know and research these plants in the main of creating medicial preparates is
increasing. The SMPU have a more than 200 taxons collection of medicinal plants,
reprezenting different floristic zones. This collection is situated at 20 km S-W from Chisinau
in a silvic zone of moldavian Woods.

The main tasks of the collection are:

- Introducind and researcing the aloohthone and autohthone medicinal plants, included in the
»~Pharmaceutical Botany” and ,,Pharmacognosy” study program, and, also those plant
which are disapearing from the spontaneons flora.

- Biological, Fithochemical, Pharmacological, investigations to find valne plants in
elaborating of the medical preparates.

- Study practical training for students, couresworks, licence and doctorate thesis.

Material and methods

Species of Medicinal plants from Lamiaceae, Apiaceae, Asteriaceae, Solanaceae, Rosaceae
the initial semen material obtained from spontaneus flora or other similar foreign collections.
The law of omolog row in ereditar variability, Biological, Fenological, Biomorfological,
Phythochemical and over methods were used to create and study the plants from the
collection.

Results and discussions

The collection of Cultivating Medicinal Plants Center of SMPU “Nicolae Testemitanu”
contain the Medicinal plant with different principles activities:

Hetherosids: Adonis vernalis L., Bordago officinalis L,. Brassica juncea (L.) Czern.,
Convalaria majalis L., Digitalis lanata Ehrh., D.purpurea L., Galium verum L., Rhamnus
cantharctica L., Rheum palmatum L., Rumex confertus Willd., Sambucus nigra L.etc.
Saponins: Aesculus hippocastanium L., Calendula officinalis L., Epilobium parviflorum
Schreb., Equisetum arvense L., Glycyrrhiza glabra L., Hedera helix L., Ononis spinosa L.,
Primula veris L., Saponaria officinalis L., Verbascum thapsiforme Schrad etc.
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Flavonoids: Aronia melanocarpa (Michx.) Elliot, Crataegus monogyna Jacq., Fagopyrum
sagittatum Hilib., Polygonium aviculare L., P. hidropipir L., P.persicaria L., Ruta graveolens
L., Scutellaria biacalensis Georgi, Viola tricolor L. etc.

Anthocyanids: Althea rosea L., Centaurea cyanus L., Rosa galica L., Paeonia officinalis L.,
Papaver rhoeas L etc.

Cumarins: Ammi majus L., Angelica arhangelica L., Anethum graveolens L., Levisticum
officinale Koch., Melilotus officinalis (L.) Pall. etc.

Tannins: Agrimonia eupatoria L., Alnus glutinosa (L.) Gaertn., Bergenia crassifolia (L.)
Fritsch., Cotinus coggygria Scop., Geum aleppicum Jacq., G.urbanum L., Potentilla alba L.,
P.erecta (L.) Hampe, Quercus robur L., Salix alba L., Sanguisorba officinalis L. etc.

Lipids: Althaea officinalis L., Amygdalus communis L., Arachis hypogaea L., Brassica nigra
(L.) Koch, Carfamus trictorius L., Helianthus annuus L., Cyperus esculentus L., Linum
usitatissimum L., Oenothera biennis L., Ricinus communis L. etc.

Volatile oils: Achillea millefolium L., Agastache foeniculum O. Kuntze, Anisum vulgare
Gaertn., Artemisia balchanorum Krasch., Calamintha nepeta (L.) Savi, Carum carvi L.,
Cephalophora aromatica Schrad., Coriandrum sativum L., Dracocephalum moldavica L.,
Foeniculum vulgare Mill., Hyssopus officinalis L., Lavandula vera Dc., Inula helenicum L.,
Iris florentina L., Majorana hortensis Moench., Melissa officinalis L., Nepeta cataria Dum.,
Ocimum basilicum L., Origanum vulgare L., Rosa damascena Mill., Rosmarinum officinalis
L., Salvia officinalis L., S.sclarea L., Satureja montana L., Thymus serpyllum L., T.vulgare L.,
Tagetes signata Bartl., etc.

Alkaloids: Atropa belladonna L., Berberis vulgaris L., Chelidonium majus L., Conium
maculatum L., Datura inoxia Mill., D. stramonium L., Ephedra distachya Bunge, Calega
officinalis L., Glacium flavum Grantz., Macleya microcarpa (Maxim.) Fedde, Phytolaca
americana L., Papaver somniferum L., Scopolia carniolica Jacq., Symphytum officinale L.,
Vinca minor L. etc.

Bitter substances: Artemisia absinthium L., Centaurum umbellatum Gilib., Cichorium
inthybus L., Marrubium vulgare L. etc.

Vitamins : Chaenomeles japonica L., Hippophae rhamnoides L., Ribus nigrum L., Rosa
canina L., Sorbus aucuparia L etc.

The CMPC of SMPU ,Nicolac Testemitanu” conteins also the Medicinal plants with
pharmacological actions:

Sedativ: Cannabis sativa L., Filipendula ulmaria (L.) Maxim., Leonurus cardiaca L.,
FPassiflora coerulea L., Valeriana officinalis L. etc.

Stimulating, tonic, hepatoprotective: Aralia mandshurica Rupr. et Maxim., Cynara sclolymus
L., Echinacea purpurea (L.) Moench, Eleuterococcus senticosus Maxim., Helichrysum
arenarium (L.) Moench, H.italicum (Roth) Guss., Hypericum perforatum L., Rubia tinctorum
L., Schizandra chinensis L., Silybum marianum (L.) Gartn., Withania somnifera (L.) Dun. etc.
Insecticide and vermyfuge: Artemisia taurica, Chenopodium ambrosioides L., Koellia
virginiana (L.) Mac C., Pyrethrum cinerariaefolium Trev., Tanacetum vulgare etc.

Conclusion

The Medicinal plants collection of SMPU is a reproduction of valuarele taxones base in the
main of creating a pharmaceutical brand in industrial plantation; a model for introducing and
maintaining of the authohthone and aloohthone genofound of the plants; a base for
acquainting the students with the protection of the spontanens flora, in special the medicinal
plants.
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FUNCTIONAL CORRELATIONS OF THE BIOTIC AND ABIOTIC FACTORS IN
THE EVOLUTION AND THE PRODUCTIVITY OF VERBASCUM POPULATIONS

Bucuresteanu Maria, Gille Elvira

“Stejarul” Biological Research Centre Piatra Neamt

Summary

Investigations on the spreading of Verbascum population in the Moldavian sub-Carpathian area have revealed
a vertical zone of the species of this genus, on three parallel altitude levels north-south wise. The number-
related development and the bio productivity of Verbascum populations allow for significant correlations with
the biotope ecological conditions. Biometric characteristics are significantly positively correlated with
temperature and significantly negatively with altitude. Traditional phytotherapeutic uses refer to treatment of
digestive, kidney, breathing and skin-related disorders in humans and animals. Transplant proved to be the
optimal method to restore Verbascum lychnitis, V. thapsus and V. phlomoidesa populations.

Keywords: Verbascum, correlations, biometry, bioproductivity, restoration
Introduction

The study of the herb fund has been initiated as a result of some surveys of the use in folk
medicine as well as a result of the fact that there have been very few studies on these genus s
on a national and, sometimes, international level. Species of Verbascum are very important
for the phytotherapeutic range of digestive, kidney, and skin-related disorders. Hence, the
management of habitats, the inventory of populations, the study of their bio productive
potential and their morphometric properties became mandatory. In compliance with CEE
Directive 92-43, in order to protect, preserve, and restore the populations facing extinction,
quantifying the role of each environmental factor in the development, spread and bio
productivity of Verbascum populations within their natural habitats became a must.
Furthermore, it has appeared as mandatory to design methodologies to obtain conventional
cultures of such valuable species.

Material and methods

The material used was made up of samples of each Verbascum species collected from their
natural habitats, spread along three north-south wise altitude levels within the Moldavian sub-
Carpathians. The morphometric characteristics used in the study of biotope / bioproductivity
functional correlations sum up biometric determinations on some examples from among 60
populations, with four predominant species, investigated in 18 localities. Data related to the
biotope ecological conditions, i.e. temperature and vegetative season precipitation averages
over 90 years were obtained from the Targu Neamt and Piatra Neamt Hydrological Units,
whereas altitude was determined at each collection point by means of an altimeter. The etno-
phytotherapeutic surveys regarding the use of these plants in traditional medicine were
conducted via 215 questionnaires and 44 frequency sheets over three years in 20 localities
representative for the Verbascum species spreading area. In order to correlate ecological data
with the biometrical ones the relationships existing between two sets of data were used —
scaled so as to be independent from the unit measure. The correlated calculation of the
population uses the covariance of two data series which divide by the product of their
standard deviations (1 BERND MARKERT, -1988).
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Results and discussions

1. Verbascum species habitats in Moldovian Sub-Carpathians (numbering as per CEE
Directive 92-43)
3. fresh waters on banks and in the riverbed gravel:
32 river banks — natural or semi-natural dynamics river sections; Verbascum lychnitis,
Verbascum densiflorum, Verbascum phlomoides
3260 river banks in mountain plains with Ranunculion fluitantis and Callitricho-Batrachian
vegetation Verbascum lychnitis, Verbascum densiflorum, Verbascum phlomoides
4. heaths and temperate thickets
4030 European dry lands Verbascum lychnitis, V. densiflorum, Verbascum phlomoides
6. natural grassy formations and semi-natural grazing fields
62 semi-natural dry grass formations and bushy area covering facies Verbascum lychnitis,
Verbascum densiflorum, Verbascum phlomoides
6210 semi-natural dry grassland and bushy area on lime layer covering facies; Verbascum
lychnitis, Verbascum densiflorum, Verbascum phlomoides
6220 *pseudo-steppe with grass and annual Thero-Brachypodietea plants: Verbascum nigrum
6230 *grassland rich in Nardus species on mountain area silica sublayers, (and of sub-
mountain continental Europe); Verbascum nigrum, Verbascum lychnitis
8. detritus and rocky regions
8110 rocky detritus at the lower mountain floor: Verbascum lychnitis, ssp.lychnitis, ssp.
kanitzianum, V. nigrum, ssp. nigrum, ssp. abietum, V. phlomoides, V. speciosum, V. thapsus
9. forests: 91 temperate Europe forest rims: Verbascum nigrum, V. lychnitis
2. Verbascum species in Neamt County Sub-Carpathian area
In the Moldavian sub-Carpathians in the Neamt County area, species are spread in areas
somewhat parallel with the evolution of relief in the landscape, namely north-south wise, as
follows:
- on the strip from and in the mountains, in the Véanatori, Manastirile Neamtului, Secu,
and Sihastria areas,
- on the upper valleys of the brooks Calu, Iapa, Nechit, and of the Tazlau river
Verbascum nigrum, ssp. nigrum, ssp. abietum frequently grow, whereas Verbascum
speciosum, Verbascum thapsus, Verbascum densiflorum seldom grow;
- in the central Moldavian sub-Carpathian area Verbascum lychnitis is the predominant
species in compact populations in the lower valleys of the brooks Secu, Agapia,
Varatic, Cracau, Almas, Calu, lapa, and of the Neamt, Bistrita, and Tazlau rivers, in
mixtures or separated from individuals of Verbascum phlomoides and Verbascum
thapsus, most notably at forest rims and on silica-based poor but well-drained soils;
- 1in arid spots in the eastern extremity of the sub-Carpathians — in localities such as
Grumazesti, Roznov, Secuieni. Hociungi, Romani, Silistea, Costisa, Podoleni,
Margineni, next to compact Verbascum lychnitis populations and Verbascum thapsus
individuals where few Verbascum phlomoides, Verbascum olimpycum and Verbascum
pulverulentum may occur;
3. Ecological conditions provided by the Moldavian sub-Carpathian biotopes for
Verbascum species
Biotopes soils - the spreading areas of the Verbascum species genus have in all cases powerfully
levigated, silica-based, lithic soils - with much skeleton on profile, silt and erratic soils, notably
underdeveloped soils
the Moldavian sub-Carpathian topoclimates include two complex categories.

- the complex topoclimate of the Moldavian sub-Carpathian depression;

- the complex topoclimate of the Moldavian sub-Carpathian hills;
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which according to the general atmosphere circulation, and against the general temperate
continental climate context, the Moldavian sub-Carpathian fall into: - arid-influenced climatic
province sector — which includes almost the entire area of the Moldavian sub-Carpathians
with frequent polar-o or artic-originated cold air advections determining frosts, hoar frost and
early or late snowfalls. In summer, the continental tropical air advections determine
temperatures above 30 — 35° C and a poor precipitation regime; climatic province sector with
Baltic influence in the northern part of the surveyed area, characterised by a higher nebulosity
and more frequent richer precipitations, whereas in winter temperature drop below — 30° C
and the earliest and latest frosts. According to the active sub-adjacent area characteristics:
with elementary topoclimate, includes in the complex topoclimate, they can also be natural or
antropic.

4. Functional correlations among biotic and abiotic factors within the Verbascum species
habitats

The vertical zoning of Verbascum species is determined by the ecological conditions provided
by the biotope, i.e. altitude, temperature, precipitations, and soil, which induce biometric
characters reflecting functional correlations among these factors. (3. HELLER R., 1969)

Table 2. Ecological and biometric variation limits of Verbascum species in Moldova sub

Carpathian habitats
Altitude | Temp | Precipitations Length (cm) Weight (g)
m °C mm root | stem | flower | total root | stem flower | total
Verbascum Min 470 17.23 28,2 20 30 18 68 15 25 20 60
nigrum Mean 531.8 18.44 67 26 37.7 | 255 89.2 19.2 29.3 28.8 71.3
470-650 m Max 650 19.14 105.2 35 62 50 147 23 52 60 135
Verbascum Min 500 17.88 28.2 21 60 43 124 21 130 152 303
thapsus Mean 525.6 18,63 67 2718 | 624 47 137.2 | 243 | 1445 | 1564 | 325.2
500-650 m Max 650 18.93 105.2 32 68 52 152 30 153 160 343
Verbascum Min 245 19.98 28.2 30 63 49 142 29 154 159 342
thapsus Mean 2776 | 20.38 67 36. | 694 | 533 | 159.4 | 323 | 158.6 | 164.3 | 355.2
245-350 m Max 350 20.72 105.2 45 75 58 178 37 166 170 373
Verbascum Min 200 20.96 27.3 49 76 59 184 38 163 159 360
thapsus Mean 202 21.02 65.48 51 784 | 614 | 190.8 | 40.8 165 165 370.8
200-210 m Max 210 21.03 108.4 55 81 66 202 45 168 172 385
Verbascum Min 480 18.86 28.2 50 58 70 178 52 118 175 345
phlomoides Mean 490 18.88 67 52 60 71 183 54 125 177 356
480-500 m Max 500 18.93 105.2 54 62 72 188 56 133 179 368
Verbascum Min 400 18.93 28.2 46 51 66 163 51 125 179 355
phlomoides Mean 415 18.93 67 47 55 67 169 53 126 179 358
400-430 m Max 430 18.93 105.2 48 60 69 177 55 127 180 362
Verbascum Min 320 20.33 27.3 49 56 70 175 50 120 160 330
phlomoides Mean 335 20.36 65.48 50 57 71 178 50 125 169 344
320-350 m Max 350 20.40 108.4 51 59 72 182 50 130 181 361
Verbascum Min 500 17.88 28.2 21 65 68 154 29 156 170 355
lychnitis Mean 528,7 18.73 67 264 | 695 | 71.9 | 167.8 | 329 | 160.1 | 175.1 | 368.1
500-650 m Max 550 18.93 105.2 30 72 78 180 38 165 180 383
Verbascum Min 245 19.98 28.2 28 68 75 171 36 160 175 37
lychnitis Mean 2926 | 2048 67 353 | 751 | 795 | 189.9 | 428 | 167.3 | 1823 | 392.4
245-350 m Max 350 20.72 105.2 40 78 83 201 50 174 188 412
Verbascum Min 200 20.6 27.3 39 78 72 189 51 178 181 410
lychnitis Mean 202 21.02 65.5 414 | 794 | 754 | 196.2 | 522 | 178.6 | 185.2 416
200-210m Max 210 21.03 108.4 44 82 80 206 54 180 190 424

Data collected for each habitat and each population are construed as averages of 20
measurements on the whole plant and on its organs. Due to space economy, the development
of such data is given in Table 1 as selections of limits of the ecological and biometric
parameter variation limits of Verbascum spontaneous populations.
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Correlations for Verbascum nigrum were not calculated as its habitats enjoy relatively
homogenous biotope conditions. From among the Verbascum species it has the smallest sizes
and is spread at 450-550 m, on the forest rim.

In order to quantify the contribution of the environmental parameters represented by their
numerical values to the spread and development of morphometric and bioproductive
characteristics of Verbascum populations, correlation coefficients of the ecological data series
were correlated with the biometrical data series.

Correlations of the ecological data series — the biometrical data series of the most frequent
species in the survey area, i.e., V. thapsus, V. phlomoides and V. lychnitis, are given in the
correlation coefficient matrices (I), whose values show the role of the environmental factor in
the development and bioproductivity of these populations, within their natural habitats (1 -
BERND MARKERT, 1988). Hence:

Table 3. Correlation matrix of biometric and ecological data in V. thapsus populations

Verbascum  altitude, Length cm Weight g
thapsus m T °C pp mm root stem flower root stem  flower
altitude, m 1
T °C -0.84955 1
pp mm 0.22487 0.22418 1
root, cm -0.70648 0.91924 0.38891 1
stem, cm -0.62075 0.87496 0.47064 0.98755 1
flower, cm -0.64461 0.89117 0.48965 0.98805 0.98940 1
root, g -0.69968 0.92101 0.43701 0.98616 0.98248 0.99442 1
stem, g -0.66255 095355 0.46451 0.91644 0.89549 0.92043 0.93338 1
flower g -0.50561 0.79426 0.71653 0.81315 0.83050 0.85875 0.85777 0.86972 1

Plant sizes with V. thapsus species negatively correlate with altitude, and the correlation
coefficient values vary between -0.62 and -0.71 for length/altitude, and between -0.5 and 0.70,
for the series weight/altitude, respectively. This fact is determined by the drop in temperature
as altitude grows, an environmental factor influencing plant growth and development. In this
particular case, strong correlations are established between the biometrical data series and
temperature with coefficients varying between + 0.79 and + 0.95 (Table 1).

Table 4. Correlation matrix of biometrical and ecological data in V. phlomoides population

Verbascum  altitude, Length cm Altitude g
phlomoides m T°C pp mm root stem flower root stem flower
altitude, m 1
temp. °C -0.90904 1
pp- mm 0.87518 -0.9972 1
root, cm -0.98691 0.82995  -0.78571 1
stem, cm -0.96608 0.77061  -0.72058 0.99508 1
flowercm  -0.95544 0.74553  -0.69338 0.99053 0.99926 1
root, g -0.60385 0.21677  -0.14286 0.72449 0.78920 0.81224 1
stem, g -0.53882 0.13878  -0.06402 0.66762 0.73808 0.76348 0.99685 1
flower g -0.42677 0.01110 0.06401 0.56702 0.64582 0.67471 0.97856 0.99180 1

Functional relations of V. phlomoides between environmental and their biometrical results in
population are materialised via strongly negative correlations in the case of length / altitude
data series (I between -0.95 and — 0.98), in moderately negative correlations of the weight /
altitude data series (I between —0.43 and -0.60), which means the growth of biomass quantity
along with the decrease of the habitat altitude. This species, too, records significant positive
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correlations between the length / temperature data series (I = +0.74 — +0.83), plant growth
being stimulated by the rise in temperature.

Table 5. Biometrical and ecological correlation matrix in V. lychnitis populations

Verbascum Length cm Weight g
lychnitis altit, m T °C pp mm root stem flower root stem flower

altitude, m 1

temp. °C -0.99755 1

pp- mm 0.71748  -0.6665 1

root, cm -0.99999 0.99641 -0.7272 1

stem, cm -0.99818 0.99142  -0.7582 0.99892 1

flower, cm -0.25885 0.32639 0.4871 0.24523 0.20009 1

root, g -0.98223 0.96652 -0.8354 0.98477 0.99176 0.07296 1

stem, g -0.93538 0.90808 -0.9174 0.94026 0.95501 -0.0994 0.98513 1

flower, g -0.90261 0.93075 -0.3477 0.89646 0.87499 0.64942 0.80578 0.69206 1

Plants in V. Iychnitis populations are highly sensitive to drops in temperature along with
altitude. This is the reason why the strongest morphometric functional interactions recorded
with this species high morphometric / biotope functional interactions with negative values of
altitude correlation coefficients ranging between -0.90 and -0.99, and positive values of
temperature correlation coefficients, ranging between + 0.90 and + 0.99., respectively.

5. Therapeutic uses of Verbascum plants in the Neamt County

Etnophytotherapeutic investigations conducted as questionnaires and frequency sheets
covered the western edge of the territory — such as in Nemtisor, Manastirea Neamtului,
Agapia, Viaratec — convent and village, Baltatesti, Dobreni, Almas, Piatra Soimului, Nechit,
Tazlau, as well as in the southern and eastern areas covering such localities as Dumbrava
Deal, Savinesti, Slobozia, Roznov, Romani, Silistea. Such investigations resulted in the
following:

In the Vanatori area as well as the areas between the Neamt, Secu, and Sihastria monasteries,
Verbascum plants are occasionally used to treat inflammations of the lever under various
forms such as ointments, tinctures and tea (of leaves and flowers), and more rarely of root as
tincture or decoct.

In the areas of Agapia, Varatec Baltatesti, Bodesti, Dobreni, Roznov — Borlesti and Tazlau,
the root, thinly cut, is notably added to animal food to drain the gall when animals suffer from
“jaundice”.

In Tazlau, people use a mullein-based ointment to calm down sore throat, remission of
inflamed ganglions, to treat haemorrhoids and stop hair loss. Mullein root decoct in broth is
administered in depressions, in gall bladder colic, to fight hair loss, and as compress on the
neck and chest in case of inflammation of said areas.

6. Verbascum population restoration methods: in conventional cultures

With a view to carrying out the culture on the experimental field, small-sized individuals were
chosen form among the spontaneous populations the species: lychnitis, phlomoides, thapsus
and nigrum, which were planted again on the location chosen so as to meet the natural habitat
ecological requirements.

Ecological conditions in the location

The soil the experiment was conducted on is an antropic one, created on a clay erratic
sublayer having a heavy structure due to the earth layers added from the A horizon of some
brown-acid and brown — mesobasic soils, with a slightly acid pH — acid (pH <5.5), rich in
humus (3.2 — 4.15%).

Ground temperature and the number of cloudy days are the other ecological requirements in
the experimental area field and are detailed in Table 6.
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Table 6. Multi-annual climatic data for the experimental field location

Parameter: average over 32 years Month in the vegetative period

1963-1995 May | June | July | August | September | October
cloudy days 10.20 | 7.90 | 6.80 5.70 6.60 8.80
Ground temperature °C 17.0 | 21.1 | 229 22.0 16.6 9.6

Multiplication Method

In the case of this genus, we have applied the method of multiplication by replanting of
some individuals of all species recorded in the surveyed area. (2. CAUX S., 1993-1994)

It was not necessary to experiment the multiplication methods by sowing and division in order
to pass into conventional culture the species of Verbascum genus as nature offered us the
results of a gigantic multiplication via vegetative multiplication and seeds.

Multiplication Results

The individuals collected from spontaneous flora having similar sized with those had when
they were planted were installed in the experimental field and some 90% of them survived.
During the first year, all Verbascum nigrum, Verbascum lychnitis, and Verbacsum phlomoides
individuals accepted the new habitat and developed aerial parts displaying biometrical data
higher than those in the field.

During the second and third years of the experiment, the V. lychnitis si V. phlomoides,
individuals germinated whereas the V. nigrum individuals did not adjust to the new location
conditions and disappeared. The V. nigrum species developed populations in mountain areas
on forest rims where hill meets the mountain.

Biometrical data of the individuals in the conventional cultures recorded increased values in
their length of up to 133% and in weight of up to 170%, according to the biometrical data
collected:

Table 7. Development of biometric characteristics in Verbascum conventional culture

thread | thread | length | length | weight | weight Increase
planted | output | planted | output | planted | output [threads | length | weight
Number cm g %
Verbascum lychnitis
Almas population — planted on 23/062004
3 | 3 | 146 [ 170 | 190 | 233 | - | 116 [ 122
Girov population — planted on 06/07/2004
4 [ 4 ] 153 | 200 | 400 [ 612 ] - | 131 | 153
Verbascum thapsus
Almas population — planted on 06/07/2004
1 | 1 | 138 [ 165 | 375 480 | - | 120 [ 128
Girov population— planted on 06/07/2004
1 | 1 | 116 [ 155 | 250 | 375 ] - | 133 [ 150
Verbascum phlomoides
Girov population — planted on 06/07/2004
3 | 3 | 131 [ 168 | 170 | 288 | - | 128 [ 169
Conclusions

Verbascum species are spread over the entire outer-Carpathian territory of the Neamt County,
on three north-south-wise altitude levels, covers.

Biometrical data of Verbascum populations enter highly negative correlations with the habitat
altitude and highly positive ones with temperature and the number of clear-sky days.
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The investigations on the status of Verbascum populations conducted over three years resulted
in confirming several situations which justify the passing of the relevant species to
conventional cultures, notably:

climatic conditions and altitude favours especially the development of some species in
plant associations within spontaneous flora to the detriment of those species relevant to
phytotherapy and can severely reduce the development of herb populations;

the stationeries where they naturally develop undergo changes of their destination by
means of antropic intervention;

herb collection in wild life associations disturb the ecosystem and may trigger the
extinction of herb species and associated ones.

plants of Verbascum genus are used all over the Neamt County under different forms such
as ointments, tinctures, and tea — leaves and flowers — to treat sore throat, swollen
ganglions, swollen throat, haemorrhoids; moreover, they are used as infusions or decoct to
treat inflammations of the lever and as fresh root to treat animal “jaundice.”

The optimal method to obtain Verbascum conventional cultures is to transplant some
individuals from wild life to locations meeting ecological requirements similar to those
offered by the natural habitat of the species.
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Summary

Trigonella foenum-graecum L. is an important medicinal species. The karyological study have showed that
2n=16. We identified following types of chromosomes: m, sm and, sometimes, st (only in early metaphase). So,
we can appreciate that the karyotype of this species is enough symmetric and less evolved.

Keywords: Trigonella foenum-graecum, karyotype, chromosomes
Introduction

Trigonella foenum-graecum L. (Fabaceae) species is very interesting one, for its
pharmaceutical, industrial and alimentary valences (Parvu, 2005).

Foenum-graecum name means Greek Hay, the plant being used to scent inferior hay. The
name of the genus, Trigonella, is derived from the old Greek name, denoting “three-angled”
(the trait of its corolla). The seeds of fenugreek have been used all through the ages and were
held in high repute among the Egyptians, Greeks and Romans for medicinal and culinary
purposes. Compounds extracted from the plant have shown cardiotonic, hypoglycemic,
diuretic, antiphlogistic and hypotensive activity. One of its alkaloids, called “trigonelline”, has
shown potential for use in cancer therapy.

The cytogenetic analysis of this species is a part of complex investigations about the
chromosomal features of medicinal and aromatic plants, made in our laboratory (Bara et al.,
1986, 1987; Lu and Bara, 1993; Capraru et al., 2004a, b; Cimpeanu et al., 2004). The
cytogenetic data, and, especially, those regarding the satellites chromosomes number, are
different from one author to another. For this reason we have proposed to establish some
morphostructural characteristics of the chromosomes at this species.

Material and methods

The study was carried out using seeds of Trigonella foenum graecum L., from 2005 harvest.
For germination the seeds were placed in Petri dishes on filter paper moisted with distilled
water, at thermostat (22°C). The root tips were collected when had about 10-20 mm length,
and pre-treatment was assured placing them in 0.2% colchicines, for 2 hours, in the dark, at
room temperature. After that, the seeds were washed with distilled water and then fixed in
fresh Carnoy solution, for 24 hours at room temperature. Until analyse, the roots were stored
in 70% Ethanol, at 4°C, in the refrigerator.

Before squashing, root tips were softened in HCI 50%, at room temperature. The most part of
root tips have cut and squashed in 45% acetic acid. The staining was performed with Carr
solution (Cimpeanu et al., 2002). Images have taken with Nikon Eclipse 600 bright field
microscope 100x objective in oil immersion, with a digital camera Cool Pix Nikon.
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Results and discussions

The metaphases (with well-spread chromosomes - with less than two overlaping) study,
revealed 2n=16, situation which is in conformity with literature data (Floria et al., 1997; Tita
and Padureanu, 2003, Dundas et al., 2006).

Establishing of eight homologous pairs had made using the arms ratio (q/p), the centromeric
index, the difference between long arm and short arm (g-p) and the relative length.

The arms length it was established by Adobe Photoshop 8.0 programme. Therefore, the total
length of each chromosome is represented by the sum of two arms (including the centromere
length.

Analyzing the results (table 1), in the metaphase with highly degree of condensation
chromosomes (fig. 1), the total length of chromosomes is between 2.79 pm (first pair) and
2.18 um (last pair), and the decreasing rate of the total length, from first to last pair, is varying
from 0.14 um (between first and second pair) to 0.01 um (between sixth and seventh pairs).
The relative length of the eight pairs of chromosomes, established according formula:
(TL/HSL) x 100, it was between 14.18 and 11.09.

About the arms ratio, the minimum value it was recorded at first pair (1.02um), and the
maximum (2.56um) at second pair, and the difference from the long arm to the short arm it
was 0.03um (first pair), and 1.16pm (second pair).

The centromeric index was between 49.46 (first pair) and 28.11 (second pair).

According to arms ratio, centromeric index, and relative length we established two
morphological types of chromosomes, namely: m (I, VI and VIII pairs) with arms ratio
between 1.02 and 1.59, and also the type sm (1L, III, IV, V, VIII pairs), which has arms ratio
varying from 1.78 to 2.56.

Table 1. The chromosome traits - Trigonella foenum-graecum late metaphase

Chromosomes Total length Long arms Short arm Arm Arm Centro
. . . Relative

Limits of Limits of Limits of ratio difference | meric
Pair Type pm pm pm . length

variability variability variability a/p) g-p) index
1 m 2.79 2.71-2,87 1.41 1.38-1.44 1.38 1.33-1.44 1.02 0.03 49.46 14.18
1I sm 2.65 2.60-2.71 1.91 1.88-1.93 0.75 0.72-0.72 2.56 1.16 28 11 13.47
1 sm 2.56 2.54-2.57 1.77 1.77-1.77 0.79 0.77-0.80 225 0.99 3072 12.98
v sm 2.54 2.54-2.54 1.66 1.66-1.66 0.88 0.88-0.88 1.89 0.78 34.65 12.91
\% sm 2.38 2.32-243 1.52 1.49-1.55 0.86 0.083-0.88 1.78 0.67 36.00 12.07
VI m 2.30 2.21-2.38 1.41 1.38-1.44 0.89 0.83-0.94 1.59 0.53 38.56 11.66
VII sm 2.29 2.27-2.32 1.49 1.49-1.49 0.80 0.77-0.83 1.86 0.69 34.93 11.64
VIII m 2.18 2.15-2.21 1.19 1.16-1.22 0.99 0.99-0.99 1.20 0.20 45.41 11.08

HSL 19.68

HSL — haploid set length
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Fig. 1. Trigonella foenum-graecum late metaphase

Fig. 2. The karyotype of late metaphase

In table 2 there are data for the homologous pairs from the metaphase in which the
chromosomes had a small degree of condensation (fig. 3). The total length was between
4.31um (first pair) and 2.85 pum (eighth pair) and the relative length was between 14.50pum
and 9.78um. The decreasing chromosomes length rate was little, because the 5™ and 6™ pairs
had the same length, the decreasing rate being assured by the rest of chromosomes, the
biggest one being between 7™ and 8™ (0.46pm).

Arms ratio was between 1.08 (2nd pair) and 3.50 (5th pair), and the arms difference, for
the same chromosomes pairs, it was 0.17um and 1.93um. The centromeric index had values
between 48.00 (2™ pair) and 22.22 (5" pair).

Unlike the anterior metaphase, in this case it was possible to identify three
morphological types of chromosomes: three m (II, VI, VII) pairs with r=1.08-1.65, four pairs
sm (I, ITI, V, VIII) with r=1.91-2.60 and one pair of type st (V) which had r=3.50.

In both analysed metaphases, shown as karyotypes (figures 2 and 4), we did not
identified chromosomes with satellites, in the spite of the fact that Titd and Padureanu (2003),
have specified the presence of secondary constriction at the long arm of chromosomes of first
and second pairs. Martin (www.bab.com.tr) emphasized both metaphases with chromosomes
without satellites and metaphases in which chromosomes have secondary constriction (first
pair), but at the short arm.
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Table 2. The chromosome traits - Trigonella foenum-graecum early metaphase

Chromosomes Total length Long arms Short arm Arm Arm Centro
X . X Relative
Limits of Limits of Limits of ratio difference meric
Pair | Type | pm pm pm . length
variability variability variability (a/p) (g-p) index
I sm | 431 | 425436 | 298 | 293-3.04 | 133 1.33-1.33 225 1.66 30.77 14.81
i m 414 | 409414 | 515 | 2.10-215 | 199 1.99-1.99 1.08 0.17 48.00 14.25
m sm | 398 | 392406 | 287 | 290293 | 119 1.02-1.13 2.60 1.77 27.78 13.68
v sm | 354 | 337365 | 232 | 221238 | 122 1.16-1.27 1.91 1.10 3438 12.16
v st 348 | 343354 | 271 | 265276 | 077 0.77-0.77 3.50 1.93 2222 11.97
VI m 348 | 337354 | 215 | 210215 | 133 1.27-1.38 1.63 0.83 38.10 11.97
VII m 331 3.15-3.43 1.99 1.93-2.04 1.33 1.22-1.38 1.50 0.66 40.00 11.40
VIII sm 2.85 2.80-2.89 1.93 1.88-1.93 0.92 0.91-0.93 2.09 1.01 32.04 9.78
HSL 29.09

HSL — haploid set length

Fig. 3. Trigonella foenum-graecum early metaphase
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Fig. 4. The karyotype of early metaphase
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Conclusions

The number of chromosomes from the root apex cells of Trigonella foenum —graecum L. is
2n=16.

In both analysed metaphases we have identified the following types of chromosomes: m
(median), sm (submedian) and st (subtelocentric), this last type being signalised only in early
metaphase.

The karyotype of this species is fairly symmetric being less evolved
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MORPHOLOGICAL AND MOLECULAR GENETIC APPROACH OF ELYMUS
REPENS AND ITS RELATED POACEAE SPECIES
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Summary

Certain representatives of Poaceae (Gramineae) family, which includes a plant with known medicinal
characteristics, Elymus (Agropyron) repens, have been chosen for a study case of molecular taxonomic
approach in the biodiversity domain. The resulted molecular variance has proven a relative good informational
potential of the simple RAPD method: only one of the suggested arrangement of the Elymus taxa representatives
was in accordance of the known morphological based classification.

Keywords: biodiversity, RAPD markers, Triticae tribe, red list

Introduction

Taxonomic classification is a major task of the biodiversity domain, which includes with great
responsibility economic important plants, as medicinal species are. Up to now, taxonomy was
conducted by the analysis of morphological characters, which frequently showed a rather
limited variation leading to controversial discussions concerning the classification of related
taxa [1, 13]. Modern, molecular genetic approaches, such as random amplified polymorphic
DNA (RADP) analysis [1, 5, 9, 11] have been recently introduced for completing the peculiar
information regarding genetic similarities of plant genomes.

In this paper we present a synthesis of our preliminary molecular taxonomic study of certain
representatives of Poaceae (Gramineae) family, which includes a plant with known medicinal
characteristics. A study case of a very common plant in our country, used as medicinal,
Elymus (Agropyron) repens respectively and its relatives [2, 4,6], is presented as a model for
the molecular approach in the domain of biodiversity. Our choice is based on the frequent
problems encountered with the taxa of Triticae tribe from Poaceae (Gramineae) family,
which come obvious from their numerous synonyms. Another motivation of this choice is
based on the complex chorological and sozological aspects regarding the endemic and
endangered position of some of these taxa in the Red List [2, 10].

The morphological features of spike and spikelets represented the main criteria routinely used
up to now for the taxonomic classification for Triticae tribe such as:

1.Elymus repens (L.) Gould. Synonyms — Agropyron repens (L.) Beauv; Triticum repens L.,
Elytrigia repens (L.) Nevski. It is one of the most frequent Elymus species, found from the
steppe zone up to the mountain area in bushes and grasslands. Our accessions were from the
Botanical Garden, Bucharest [4].

2. Elymus elongatus (Host) Runemark subsp. elongatus. Synonyms- Agropyron elongatus
(Host.) Beauv.; Triticum elongatum Host. It is represented by numerous populations located
in the South Romania and Dobrogea region, where is growing in grasslands and see shore
sands.

3. Elymus farctus (Viv.) Runemark ex Melderis subsp. bessarabicus (Savul. &Rayss)
Melderis. Synonyms- Agropyron junceum (L.) Beauv. Var. bessarabicum (Savul. &Rayss)
Anghel & Morariu, Agropyron bessarabicum Savul. &Rayss, Elytrygia juncea subsp.
bessarabicum (Savul.&Rayss) Tzvelev. It is represented practically only by few populations
with a decreasing number of entities, which suggested that from the sozological point of view
this species is critically endangered by the extensive touristic and building activities. Its
accessions were made from Constanta (Eforie Sud/see shore sands).
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4.Elymus sabulosus (Bieb.) Tzvelev. Synonyms- Leymus racemosus (Lam.) Tzvelev subsp.
sabulosus (Bieb.) Tzvelev; Elymus sabulosus (Bieb.); Elymus arenarius L. subsp. sabulosus.
It 1s a pontic species, which grows sporadicly in Romania in the Dobrogea see shores. It is
considered an endangered species, considering the high antropic pressure in its habitats. Its
accessions were made from Constanta (Eforie Sud).

5. Agropyron brandzae Pantu & Solac. Synonyms- Agropyron cristatum (L.) Gaertner subsp.
brandzae (Pantu & Solac.) Melderis. It is related with Agropyron ponticum and is an endemic
species for Dobrogea region, where it grows on sunny and stoney slopes. Its accessions were
from Constanta-Cotul Vaii.

The molecular approach partially confirmed such morphological hypotesis and suggested
certain different arrangements of the taxa based on the polymorphic loci revealed by different
primers used in PCR random amplifications (RAPD).

Material and methods

Plant material. Herbarium specimens and fresh leaves from Triticae tribe accessions
mentioned above (1 to 5) were used for DNA isolation.

DNA isolation. The Promega kit for DNA purification have been use for DNA preparation
followed the protocol provided by company (Promega).

RAPD markers. RAPD profiles were obtained using 4 primers which amplify certain
conserved minisatellite regions for core sequence minisatellite regions [14,15], in a standard
PCR mixture reaction (50mM of each dNTP, 50 ng of genomic DNA, 1mM of each primer,
Taq DNA polymerase and 10X standard PCR buffer). The PCR conditions reaction
(Biometra thermocycler) was specifically set up for each primer and the PCR products were
separated by electrophoresis through 1.5% agarose gels comparatively with a molecular
marker (100/1000 bp ladder), stained with ethidium bromide and photographed under
ultraviolet light with a Polaroid camera.

Data Analysis

Four RAPD profiles were obtained which showed different extent of polymorphism. The
polymorphic bands were scored as a 0 (absence) and 1 (presence). The binomial matrix was
used to calculate the level of polymorphism (percentage of polymorphic bands) for each
sample and to compute similarities between individuals using the Jaccard’s similarity
coefficient, calculated as J = a/(n-d), where a is the number of positive matches (i.e. the
presence of a band in all samples), d is the number of negative matches (i.e. the absence of a
band in all samples), and # is the total sample size including both the numbers of matches and
,sunmatches. The genetic distances were calculated as GD = [-J using the data from the
Jaccard’s similarity coefficient matrix (Table 1 to 4, represented the matrix for each sample
and each primers) [16]. The minimum, maximum and mean genetic distance between the
individuals for each population were compared in order to describe the molecular variance
within the populations. A distance matrix was calculated using a simple Euclidian distance
measure and all date were represented as a dendrogram (tree) that will give information’s
regarding the linkage between taxa.

Results and discussions

The study shows variable (3-11) extent of polymorphism depending on the type of the
primers. The maximum number of polymorphic bands (11) corresponded to the primer 2. The
genetic relatedness among species was obtained by dendrograms showing the cluster
arrangements.

The four polymorphic patterns are represented in Fig.1 to 4. The informational potential of
the resulted dendrograms are relatively good as they reproduce 2 of 4 the morphological based
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classification of the Elymus species. The results are based on the measurements of the RAPD
generated DNA fragment length and the corresponding likelihood Jaccard coefficients,
represented in the tables 1-4.

A.The RAPD pattern and the corresponding dendrogram generated by the primer 1.

. . ]
Table 1. Jaccard coefficients calculated with the s
RAPD pattern generated by the primer 1
PI |1 |2 3 4 5
1 0 | 0858 0,775 | 0,834 0,66
1o
2 0 0,25 | 0,834 0,858 f'I'
[2u]
3 0 0,66 0,775 i
em
4 0 0,834
21 2 5 4 5
i 1
5 0 =
am 0 1

Fig.1. a) RAPD polymorphisms with primer 1. 1-5 samples:
1.Agropyron  repens,2Elymus  elongatus.3Elymus  bessarabicus,4
Elymus sabulosus, 5Agropyron brandzae, M-molecular marker. b)
dendrogram based on Jaccard similarity coefficient

B. The RAPD pattern and the corresponding dendrogram generated by the primer 2.

Table 2. Jaccard coefficients calculated with the M 12345
RAPD pattern generated by the primer2 !

P2 1] 2 3 4 5

1o

fau]
1 0| 0,637 | 0,88 | 0,5 0,77 i
2 0 0,363 | 0,446 0,63 -
3 0 0,77 0,88 b

k1]
4 0 0,72 i 2 3 LI 5
5 0 m

0 05 |

Fig.2.a) RAPD  polymorphisms  with  primer 2. 1-5
samples: /.Agropyron repens, 2Elymus elongatus.3Elymus
bessarabicus,4 Elymus sabulosus, SAgropyron brandzae, M-molecular
marker. b) dendrogram based on Jaccard similarity coefficient

By scoring the presence of bands 1:1 for the 5 Elymus representatives which are compared in
pairs, the following arrangements have been suggested: (2,Elymus elongatus:3. Elymus
bessarabicus ) and (2.Elymus elongatus:3Elymus bessarabicus:4 Elymus sabulosus,) and
(1.Agropyron repens: 5. Agropyron brandzae ).

C.The RAPD pattern and the corresponding dendrogram generated by the primer 3

RMIM2ZC1 23435 .

Table 3. Jaccard coefficients calculated with the
RAPD pattern generated by the primer3

m
i
P3 1 2 3 4 5 0

m 0615

1 0 0,875 0,78 0,75 0,705 e

2 0 0,756 0,67 0,5 - s

3 0 0,67 0,9 o 2 5 4 1 3
am

4 0 0,56

5 0

Fig.3.a) RAPD polymorphisms with primer 3. 1-5 samples: 1. Agropyron
repens, 2Elymus elongatus.3 Agropyron brandzae,4 Elymus sabulosus, 5
Elymus bessarabicus, MI.-molecular marker,100bp ladder, APstl, M2.-
Smart. b) dendrogram based on Jaccard similarity coefficient
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D.The RAPD pattern and the corresponding dendrogram generated by the primer 4

M C12 3 4 5

Table 4. Jaccard coefficients calculated with the
RAPD pattern generated by the primer 4

P4 |1 |2 3 4 5

1 0 | 057 |08 0,57 | 0,66

2 0 0,50 0,33 | 0,2

3 0 08 | 033 500

4 0 0,2 800 I j
700
600

5 0 500 2 5 4 3
400

300
200
100

Fig.4.a) RAPD polymorphisms with primer 4. 1-5 samples. /.Agropyron
repens,2Elymus elongatus.3 Agropyron brandzae,4 Elymus sabulosus, 5
Elymus  bessarabicus, MI.-molecular marker 100bp ladder. b)
dendrograme based on Jaccard similaritv coefficient

By scoring the presence of bands 1:1 for the 5 Elymus representatives which are compared in
pairs, the following arrangements have been suggested: (2,Elymus elongatus: 5. Agropyron
brandzae), (2,Elymus elongatus: 5. Agropyron brandzae:4 Elymus sabulosus) and
(1.Agropyron repens: 4 Elymus sabulosus: 5. Agropyron brandzae:2.Elymus elongatus). The
accession 3, Elymus bessarabicus,is suggested by the later two polymorphic pattern as a
distinct entity.

Conclusion

Molecular methods have proven to be powerful tool in taxonomy to test morphological
hypotheses at different taxonomic levels. In some cases, molecular data have confirmed
previous morphological concepts or helped to decide in favor of one morphological
hypothesis. In other cases, molecular studies have led to new arrangements of
morphologically circumscribed entities, or were not at all supported by morphology.

The present study represents a first approach of taxonomy based on molecular methods. A
simple RAPD marker showed rather relative informational potential as only two of four
dendrograms reproduced the known morphological based classification.

Further investigations using new RAPD markers such codominant DNA markers,
(microsatellites or AFLP’s: amplified fragments length polymorphisms) would give
elucidating information about the complete picture of genetic distances such as the levels of
heterozygosity in the populations of the investigated plants.
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REVIEW OF SOME USEFUL METHODS IN TAXONOMICAL INTERPRETATION
OF DIFFICULT TAXA OF MEDICINAL AND AROMATIC PLANTS. CASE:
THYMUS L.

Daji¢ Stevanovi¢ Zora, Sostari¢ Ivan

Faculty of Agriculture, University of Belgrade, Nemanjina 6, 11080 Belgrade-Zemun, Serbia and Montenegro

Summary

To evaluate the significance of some well accepted methods in taxonomic evidence of botanically complicated
taxa of medicinal plants, a number of populations of thyme species was studied in their morphological and
anatomical traits, as well as in analyses in histo-chemistry, the main components of essential oils and molecular
markers. Results confirmed a high variability in all tested characters, suggesting existence of morpho- and
chemotypes.

Keywords: Thymus, morphology, anatomy, phytochemistry, molekular markers
Introduction

It is known that there is a problem with many taxa (genera, species, and especially
intra/species categories) regarding both their botanical classification and determining in the
nature. Usually, such genera include a great number of species, whereas in some cases they
are not obligatory diversified. The botanically complicated from the aspect of their
classification and identification are genera such as Hieracium L., Viola L., Verbascum L.,
Ranunculus L., Orchis L., Dactylorhiza Necker ex Nevski, Atriplex L., Campanula L.,
Orobanche L., Festuca L., etc. Similar situation refers also to the medicinal and aromatic
plants and may cause complications in wild collection and thus in further evaluation of their
drug quality, as well as in collecting and descriptors development of accessions for gene bank
needs. The following taxa of medicinal and aromatic plants may be stressed in regard of
suspicious taxonomical interpretation of their species: Mentha L., Achillea L., Hypericum L.,
Satureja L., Micromeria Benth., Allium L., Geranium L., Rosa L., Thymus and some others.
Difficulties in botanical determination of populations of these taxa are related to high
morphological plasticity and variability in morphological features, occurrence of many similar
(overlapping) characters, breeding between the genetically related species leading to
numerous hybrids and frequent apomixis. On the other hand, the problems might be linked
with insufficiently developed and/or often confused dichotomous keys , as well as too
sophisticated tools and expensive methodologies in survey of biochemical, molecular and
genetic traits. Although the structural (morphological) characters are usually only criterion
for taxonomic evidence (Judd et al., 1999), there is a set of useful methods in specimen
identification, including histological features, such as the structure of sieve-element plastids
(Behnke 1994), general leaf anatomy (Carlquist, 1961, Barthlott, 1990, Rathnam, 1976), and
secretory structures (Metcalfe, 1966), followed by embriology, chromosome number and
structure (Nogueira et al., 1995), palynology, determining of secondary compounds (Adams,
1977, Dalgren, 1983, Stuessy, 1990), and recent approaches in molecular systematic (Sytsma
and Hahn, 1997, Rice et al., 1997, etc.)

1.1. Why Thymus L. is complicated taxa for taxonomic evidence of its species?

Genus Thymus is one of most important genera as regards number of species within the
Lamiaceae family. This family comprises more or less 220 genera. Thymus belongs to tribe
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Mentheae, subfamily Nepetoideae. Although the number of species within this genus varies
depending on taxonomical viewpoint, there is more than 200 species.

Thymus 1s distributed throughout the arid, temperate and cold regions of the Old World north
of the Equator and on the coasts of Greenland (Morales, 1989). However the central area of
this genus surrounds the Mediterranean Sea. According to Jalas (1971), Thymus is divided
into eight sections: Micantes, Mastichina, Piperella, Teucrioides, Pseudothymbra, Thymus,
Hyphodromi and Serpyllum. The first five are only found on the Iberian Peninsula, in the
northwest of Africa and the Macronesian Region. Section Hyphodromi extends through
Mediterranean area and comprises around 60 species. Three subsections can be distinguished
in this section: Subbracteati, Serpyllastrum and Thymbropsis. Section Serpyllum appears to be
the oldest in the genus. Around 150 species belongs to this section. They occur throughout the
area of the genus. This group is taxonomicaly difficult, and Jalas (1971) divided it into 7
subsections  (Insulares, = Pseudopiperellae  Isolepides,  Isolepides,  Kotschyani,
Pseudomarginati, Alternantes, Serpyllu).

In Flora of Serbia the total of 31 species of genus Thymus is listed with more than 60
varieties, which mostly grow in various meadow and pasture communities and dry, sunny
rocky habitats both on limestone and serpentine.

Genus Thymus is famous of high diversity of its species, including intra-species (population)
variability and a number of described subspecies, varieties and forms. Difficulties in their
taxonomical interpretation are related to high morphological variability of populations in
many morphological, micromorphological traits and secondary compounds (chemical
polymorphism), caused by influence of both environmental factors and genetic variation due
to the frequent hybridization leading to variable chromosome number and expressed
gynodioecy, a sexual polymorphism in which natural populations contain two type of plants —
females and hermaphrodites (Thompson, 2002). It was shown that high female frequency
causes increased heterozygosity (Gouyon and Couvet, 1987), thus increasing the population
variability. Moreover, expressed variability in many morphological features even within a
single plant does not allow simple and proper determination of a population. Additional
problems are caused by often confuse botanical keys comprising a plenty of characters (leaf
and calyx shape and size, indumentum, inflorescences, branching, etc.) and out of some are
overlapping and /or insufficiently obvious both in native (fresh) and herbarium accessions.
Taxonomic evidence for lower taxonomic categories (varieties, forms) is even more
suspicious, insecure and difficult. It is clear that improper botanical determination of Thymus
species might cause confusion in evaluation of a drug quality, especially because a majority of
raw material at the markets of medicinal and aromatic plants originates from wild collecting.
The aim of this study was to highlight the significance of some frequently used methods in
taxonomic interpretation of complicated taxa of medicinal and aromatic plants, focused on
genus Thymus L.

Material and methods

Plant material of several populations and species of the genus 7Thymus L. was collected from
their natural habitats from Serbia during the vegetation season in 2002-2003, and from the
living collection of the Royal Botanical Gardens Kew for DNA sequencing.

In order to evaluate the various methodological approaches in taxonomic evidence of Thymus
populations/species, accessions were studied through plant morphology, anatomy,
histochemisry, essential oil composition, and DNA sequencing.

For morphological studies, herbarium specimens were used for measurements of leaf length
and width (n=70). Within the survey of leaf and stem anatomical traits (n=50), the plant
material was fixed in FAA, followed by the standard paraffin procedure, microtome sectioned
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on 7-10 pm and stained with safranine and aniline blue, while the image analysis was done
with software LEICA IM1000. Micromorphological research of leaf and calyx glands was
conducted by SEM. Essential oils were obtained by hydro-distillation of dried aerial parts of
plants collected in blossoming stage (June 2004), with yields covering a range between 0.1
and 0.8 ml/100 g of plant material. Chemical analysis of essential oil samples was performed
by GC-FID (Gas Chromatography - Flame Ionization Detector) and GC-MSD (Gas
Chromatography/Mass Selective Detector). Histochemical investigations were performed on
fresh plant material by use of standard procedures for different chemical compounds,
including sesquiterpene lactones (conc. sulphuric acid) (Geissmann et al. 1971), total lipids
(Nile blue and Sudan) (Cain, 1947 and Jensen 1962), carbohydrates (PAS reaction) (O'Brian
et al. 1981) and proteins (Ninhidrin-Schif reagens)(Ruzin 1999). In molecular analysis fresh
plant material of each specimen was dried in 5g Silica gel. Total DNA was extracted and
purified according to standard protocols. The internal transcribed spacer (ITS) regions of 18S-
26S nuclear rDNA was amplified as described in Baldwin (1992). Amplified region was then
sequenced and analyzed with PAUP software.

Obtained results were statistically processed by descriptive statistics, analysis of variance
(ANOVA, LSD test) and cluster analyses based upon the Euclidean distances using program
package Statistica 5.0.

Results and discussion

Degree of variability and corresponding clustering of surveyed accessions of the genus
Thymus L. was separately analyzed and discussed for each applied method.

1. Morphology

Results of variability in leaf length, width and length/width ratio (ANOVA) have shown that
all used characters were statistically significant (p<0.001), i.e. might be important in
discrimination of Thymus populations. According to the cluster analysis (Fig.1), the Th.
pannonicus, was separated from the other analyzed populations, and in the less extent the
endemic species Th. dacicus. This corresponds with the limited and geographically isolated
habitats of these species in the studied region of the northern Serbia (Vojvodina).

Tree Diagram for 5 Cases
Single Linkage
Euclidean distances

0.7

0.6

0.5

0.4
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C3 C 4 C2 C5 C1

Fig. 1. Cluster for leaf size character of different 7/hymus populations
C1- Thymus glabrescens C2 — Th. glabrescens C3 — Th. pannonicus C4 — Th. dacicus C5 — Th. marschallianus
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2. Plant anatomy

Regarding stem and leaf anatomy the following traits were analyzed: stem diameter, the width
of stem ribs and diameter of the central cylinder, and the length of upper and lower epidermis,
the width of palisade tissue and leaf thickness, respectively.

2.1 Stem anatomy

According to the features in stem anatomy significant differences were obtained in all studied
characters, particularly in stem diameter (the highest in population of the Th. pannonicus -
1640.75um, and the lowest in population of the Th. dacicus -933.35 um). The highest
diameter of the central cylinder was found in population of Th. marschallianus (954.85 pm).
All studied characters of stem anatomy were statistically significant (p<0.001), and thus
might be relevant for species discriminating

1.1. Leaf anatomy

It was shown that investigated populations differ in all studied characters of leaf anatomy
which all were statistically significant (p< 0.001). The greatest variability was found in leaf
thickness ranging from 154.14 + 15.75 to 204.83 + 14.45 in Th. marschallianus and Th.
glabrescens, respectively.

Considering relation between all surveyed anatomy traits (stem and leaf anatomy) and
population discrimination (Fig. 2), population of Th. pannonicus exhibited much different
anatomy traits, whereas populations of the same species, the Th. glabrescens were grouped
together.

Tree Diagram for 5 Cases
Single Linkage
Euclidean distances
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Linkage Distance
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Fig. 2 Clustering of thyme populations according to stem and leaf anatomy features
Cl- Thymus glabrescens C2 — Th. glabrescens C3 — Th. pannonicus C4 — Th. dacicus C5 — Th. marschallianus;

1.3 Micromorphology — studies on gland number and size

The presence of leaf glands and their size at lower and upper leaf epidermis and calyx varied
among the studied Thymus populations, whereas the counting of the leaf glands of the upper
and lower epidermis per mm® of three populations collected from three habitats of Stara
mountain on the southeast of Serbia, of the endemic species Thymus vandasii pointed out the
existence in intra-specific variability in this character, ranging from 1.15 + 0.72 to 13.51 +
0.86 and from 5.88 = 1.35 to 5.88 = 1.35 in upper and lower epidermis, respectively.
According to the size of glands present at leaves and calyx studied in 10 different
populations/species of the genus Thymus (Fig. 3.) grouping in two clades was obtained,
where different populations of the same species such as Th. marschallianus and Th.
glabrescens occurred in both groups, suggesting that gland size varies not only among
different species, yet also among populations of the single species. Therefore the characters
such as gland number and size could not be recommended in discrimination of Thymus
species.
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Tree Diagram for 10 Cases
Single Linkage
Euclidean distances

Linkage Distance
o

.

0 [ 1

c5 C9 C4 C3 C2 C6 C10 C8 C7 CA1

Fig. 3. Cluster according the size of leaf and calyx glands
C1- Thymus pannonicus; C2- Th. glabrescens C3- Th. glabrescens C4- Th. glabrescens C5- Th. marschallianus
C6- Th. pannonicus C7- Th. glabrescens C8- Th. marschallianus C9- Th. dacicus C10- Th. vandasii

4. Histochemistry
Histochemical analysis of the target components has not revealed any differences among
studied species (Tab. 1).

Table 1. Histochemical determining of some compunds in Thymus populations
Population Lipids | Carbohydrates | Proteins | Sesquiterpene lactones
Th. glabrescens + + + +
Th. marschallianus
Th. pannonicus
Th. dacicus
Th. glabrescens

|+ [+
|+ [+
|+ [+
|+ [+

Studies on sesquiterpene lactones by use of conc. sulfuric acid have only confirmed that leaf
glands are the structures responsible for secondary compounds (essential oil) accumulation It
is possible that some more subtle methods in histochemistry should be performed, targeting
the specific secondary compounds to evaluate eventual differences among different Thymus
populations. This could be especially important for identifying of phenolic components
knowing that Thymus taxa are characterized as either phenolic or non-phenolic (Stahl-Biskup,
2002).

5. Essential oils analysis

To evaluate the importance of the chemical composition of essential oil of Thymus
populations the reliable group of seven components (thymol, p-cimene, linalool, y-terpinene,
geraniol, nerolidol and a-terpineol) was chosen in eight different species, including of some
previously studied (Kulevanova, 1996). Clustering of surveyed populations (Fig. 4) showed
grouping of species in two distinct clades, one comprising the 7h. tosevii, Th. moesiacus, Th.
jankae (all classified into the sub-section Pseudomarginatii), and Th. pannonicus of the
section Isolepides. The second group included species of the section Isolepides, such as: 7.
glabrescens, Th. marschallianus and Th. dacicus. It might be concluded that there is a relation
between taxonomic position and the determinants of essential oils in the Thymus species.
Nevertheless, many studies underlined the strong impact of environmental conditions on the
essential oil composition, as the monoterpene variation may represent an adaptive strategy in
relation to environmental variation, contributing to the spatial and evolutionary dynamics of
the chemotypes (Thompson, 2002). It was postulated that that in some cases the participation
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of particular essential oil component might be discriminator trait for Thymus species
corresponding with their position within certain sections (Sdez and Stahl-Biskup, 2002), at
least allowing the rough classification of Thymus taxa into the phenolic and non-phenolic
group (Stahl-Biskup, 2002). This might explain the grouping of the Th. pannonicus within the
“non-phenolic” group (absence of thymol) rather than group of genetically related species of
the section Isolepides (Fig. 4). However, the critical approach of genetic determinacy in
chemotype variation is needed, especially in the frame of adaptive responses of Thymus
populations to specific habitat conditions, including soil and climate characteristics (Gouyon
et al., 1986, Saez, 1996), which was evident according to position of two different populations
of the Th. glabrescens within the cluster (Fig. 4).

Tree Diagram for 8 Cases
Single Linkage
Euclidean distances
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Fig. 4. Clustering of some Thyme populations and species according to main components of
essential oils

C1- Thymus glabrescens C2 — Th. glabrescens C3 — Th. marschallians C4 — Th. pannonicu C5 — Th. dacicus
C6 — Th. tosevii C7 — Th. moesiacus C8- Th. jankae

6. The validity of chromosome number

In the genus Thymus following chromosome numbers are known: 2n= 24, 26, 28, 30, 32, 42,
48, 50, 52, 54, 56, 58, 60, 84 and 90, corresponding to the diploid, tetraploid and hexaploid
levels. The secondary basic numbers x= 14 and x= 15 probably originated from a basic
number x= 7. The most frequent numbers are 2n= 28, 30, 56 and 60. Aneuploidy has been an
important phenomenon during the evolution of this genus and is responsible for the other
numbers. There are a lot of interesting cases of different levels within the same species. This
is true for Th. mastichina with 2n= 30, 60; Th. vulgaris 2n= 28, 58; Th. zygis, Th.
leptophyllus, Th. glabrescens, Th. longicaulis, Th. praecox 2n= 28,, 56; Th. algeriensis 2n=
30, 56; Th. comptus 2n= 26, 52; Th. zygoides 2n= 60, 90; Th. longidentatus2n= 30, 90; Th.
striatus and Th. herba-barona 2n= 28, 56, 84. The latter is most remarkable because the
chromosome numbers studied in the Western Mediterranean populations resulted to be 2n= 28
in Mjorca, 2n= 56 in Corsica and 2n= 84 in Sardinia. Although the chromosome number has
not been determined within this study, it should be considered as an important character in
Thymus populations discrimination, but is it still unclear whether in some species chemical
polymorphism and high ploidy levels are related (Séez and Stahl-Biskup, 2002).

7. Molecular analysis — DNA sequencing

The internal transcribed spacer (ITS) regions of 18S-26S nuclear rTDNA are considered to be
rapidly evolving, but also have highly conserved areas that can be aligned over a broad
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taxonomic scale. Thus, it have become a major focus of comparative sequencing at the
specific and generic levels in angiosperms. Having in mind that analysis of ITS gave good
results in Nepeta (Lamiaceae) studies (Jamzad et al., 2003), we conducted screening survey
and analysis of several Thymus species and populations from Serbia and RBG Kew living
collection that are native to Iberian peninsula and British isles. Although thyme samples were
from different geographical locations and members of different sections and subsections
within the genus, the analysis showed that there is no significant difference in ITS region
(Fig. 5), but it can be concluded, based on limited evidence, that the genus is monophyletic.

Strict
EE - Stachys byzanthina
Lavandula stoechas

Nepeta pungens
__E Nepeta cephalotes
Nepeta wettsteinii
— Micromeria juliana
L——— Micromeria thymifolia
: Acinos sp
Satureja sp
| S Calamintha glandulosa
Micromeria dalmatica
Satureja horvatii
Th auctus Il 3
Th auctus Il 13
Th balcanus | 13
Th bulgaricus 1l 12
Th glabrescens Il 1
Th glabrescens Il 9
Th glabrescens |l 9
Th glabrescens | 11
Th jankae Il 18
—————— Th longicaulis | 6
= el Th lykae Il 10
Thmaly | 12
———————— Thlykae ll 7
Th marschallianus | 1
Th marschallianus | 7
Th moesiacus
Th pannonicus 14328
Th pannonicus 14327
Th pannonicus 14330
Th pilisiensis | 8
Th praecox Il 6
Th pulegioides Ill 8
Th pulegioides Il 10
Th pulegioides 14329
Th pulegioides 14331
Th pulegioides m 14332
Th pulegioides m 14333
Th pulegioides 14334
Thspl5
Thspl3
Thsplll 15
Th vandasii 14336
Th vandasii 14337
—————————— Th vandasii 14357
S Th albicans 14523
Th camphoratus 14526
— Th serpyllum 7723
Th serpyllum 7724
L——— Th serpyllum 7725
Th praecox 7726
Th pulegioides 7727
Th richardii 7729
Th membranaceus 7730

Fig. 5. Strict consensu tree for 41 Thymus sample and outgroups based on ITS nuclear region

For better delimitation on lower taxonomical level (species/population level) analysis of
amplified fragment length polymorphism (AFLP) should be conducted. AFLP technique has a
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potential for populational studies where fine scale monitoring of individual genotypes is
important (Travis et al., 1996).

Conclusions

Results on infra-specific and population variability in Thymus L., obtained due to performing
of different methods acceptable for taxonomic evidence, such as morphology, anatomy, histo-
chemistry, essential oil analysis, and DNA sequencing, suggest that traditional
methodological principles in taxa identification, in first morphological and anatomy traits
should be combined and used as a set of characters. Chemical polymorphism based upon the
content of particular components of essential oils should be estimated in relation to
environment, and in further research should be correlated with molecular (genetic) studies.
AFLP analysis should be conducted to establish more clear delimitation between different
species, and to make clear correlation between different sections and subsections within the
genus. At se same time, further anatomical and morphological investigation should back up
molecular marker analysis, and result in congruent determination keys and descriptors for
thyme species.
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ESTABLISHMENT AND MAINTENANCE OF CALLUS OF STEVIA REBAUDIANA
UNDER ASEPTIC ENVIRONMENT
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Summary

The callus culture of leaves of Stevia rebaudiana was initiated and maintained on different strengths of
Murashiage and Skoog (MS) medium supplemented with various phytohormones. Kinetin in combination with
Naphthalene Acetic Acid (NAA) and 2,4-D showed better results in callus initiation whereas combined
application of Benzyl adenine or 6-benzyl amino purine (BAP) and NAA showed most satisfactory results of
callus maintenance in half strength of MS medium..

Keywords: Stevia, stevioside, phyto-hormones, tissue culture
Introduction

The worldwide demand for high potency sweeteners increased in present years by introducing
Stevia as a modern crop from wild plant. Stevia rebaudiana is commonly known as candy
leaves or natural non-caloric sweet plant as was officially discovered by Dr. M.S. Bertoni in
early 20™ century (1905) (Bertoni MS, 1905).

Stevioside and rebaudiosides are the active principal constituent of diterpene glycosides with
differing sugar molecule attached as found in the leaves of Stevia plant and are responsible for
high sweetness activity. Stevioside abundantly available in leaf of Stevia (13-20% in dry
leaves) which shows 250-350 times sweeter and rebaudioside content in less quantities (1-3%
in dry leaves) which shows 350-450 times sweeter while that of fresh healthy leaves only 30
times sweeter than table sugar. This sweetness property of Stevia focused multipurpose uses
in human life. Due to sweetness and no side effect it can be used as an artificial sweeteners.
Other uses viz. hypoglycemic, cardiovascular, anti-microbial, digestive tonic, dental and skin
care (Mowrey D, 1992).

These beneficial uses focused Stevia’s importance and its availability throughout the year, but
the main problem lies with Stevia seeds which show wide variation in the stevioside content
probably due to gene segregation. To avoid segregation and to improve the yield of stevioside
it is necessary to propagate a genetically homogeneous population from a selected elite plant
with desirable characters. Micro-propagation techniques can serve as an alternative method to
conventional techniques that can give disease free plant and assist in the preservation of
germplasm by storing the in vitro developed propagules under low temperature.

Literature survey reveals initiation and establishment of callus from explant of Stevia by using
various combinations of phyto-hormones but there is no such comparative tissue culture study
on Stevia for initiation and maintenance in different strength of MS medium with different
concentration of phyto-hormones so far been reported (Handro et al., 1977 and Ferreira and
Handro, 1988). Geuns JMC (2003) and Nepovim et al (1998), reported stevioside content
depends on biomass yield and method of cultivation, same thought followed in this present
study for improving more amount of callus in suitable media. Therefore it is worthwhile to
develop the callus in different strength of MS medium and medium selection with better
callus initiation and their maintenance. HPTLC analysis study reveals that confirmation.
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Materials and methods

Selection of Plant material: Stevia plants, grown in the green house of the herbal garden,
University of Agricultural Sciences, Gandhi Krishi Vigyana Kendra, Bangalore, were selected
as the source of mother plants. Plants parts like apical buds, axillary buds, and stem segments
were the explants sources initially for shoot production .Leaf discs were used for the callus
induction.

Chemicals: All the chemicals i.e. growth regulators, agar used for the culture media
preparation were of analytical grade, obtained from the Hi-Media company.

Glass wares: Various glasswares like the Erlenmeyer flasks, test tubes, Beakers, pipettes,
funnels, measuring cylinders and glass rods etc. were used. Glass bottles and jars with poly
propylene caps were also used.

Preparation of Glass wares : All the glass ware were soaked in 5% Chromic acid, overnight
and were washed in running tap water followed by rinsing with double distilled water .The
cleaned glasswares were then dried in forced draft hot air oven at 100° C temperature and
were stored in dust proof cupboards until further use. Clean and dry glasswares were used for
all kinds of tissue culture studies throughout the present research work..

Preparation of Stock solution: The stock solution of auxins- Indole acetic acid (IAA),
Naphthalene Acetic Acid (NAA), Indole-3-butyric acid (IBA) and 2,4, Dichlorophenoxy
acetic acid (2-4-D) were dissolved separately in minimal quantity of redistilled ethyl alcohol
and volume was made up with double distilled water.

The stock solution of cytokinins-kinetin, Benzyl adenine or 6-benzyl amino purine (BAP) was
dissolved in a few drops of 0.1 N HCI and volume was made up with double distilled water.
Stock solution of Poly vinyl pyrrolidone (PVP) was made (100 mg L) by dissolving 0.1 N
HCl or 0.1N NaOH .

All the above stock solutions were stored in a refrigerator at 5-6°C then kept back to the
ambient temperature before using them for the media preparation.

Preparatoin of Culture Medium: Various combinations of MS media were prepared with
double distilled water with sugar concentration 3 g It" along with different concentration of
required growth hormones. 0.7% Agar was used as gelling agent. The media was then
dispensed into culture tubes, 100ml EM flask, 200ml bottles with 15 ml ,40 ml and 60 ml
media and PVP 5ml, 10ml and 15ml were added respectively to avoid browning of explants
and were avoided using cotton plugs or Laxbro plastic caps and made air tight. They were
then sterilized in an autoclave at a temperature of 121° C and a pressure of 103.4 kPa for 20
minutes. The containers with cultured media were stored in a dust proof sterile chamber.
Preparation of explants for Inoculation and Incubation: The selected explants were
washed thoroughly under running tap water for 15 minutes. Explant was treated with Bavistin
(0.1%) for 15 minutes (Patil et al., 1996). The explants were washed with single distilled
water and then it was taken to the laminar airflow chamber. The working bench of laminar
airflow was sterilized using 70% alcohol. The treated plant materials were subjected to
sterilization using 0.1% HgCl, for 5 minutes and repeatedly washed with sterile double
distilled water. Then a known weight of tissue or a uniform plant material (leaf, axillary bud
or meristem) were dissected and inoculated to the medium. The inoculated tubes, flasks and
bottles were then incubated in the culture room at 25 + 2°C under fluorescent light with an
intensity of 60 U E in m™ Sec™. A photoperiod of 16 hours of light and 8 hours of darkness
was maintained through an automatic timer, with a constant relative humidity of 65- 75%
using an air-cooling system.

Growth measurement: In each replication of different treatments for an individual
experiment, uniform explant tissues were inoculated and were incubated at 25 + 2°C. Each
time a fixed number of replications were taken for the record. Weight of the callus and
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maintenance of the same were also done 30 days after inoculation and after every 16 days of
subculturing respectively.

a) Effect of different combinations of auxin and cytokinin (kinetin) on callus induction of
Stevia rebaudiana in different strengths of MS medium.

Treatments: Different strengths of MS Basal medium along with auxins (IAA, IBA, NAA, 2.4
D) 1 mg/ L, cytokinin (Kinetin) at 0.1, 0.2 and 0.3 mg/ L were used in combination.
Methodology: Leaf discs of 3 mm size were sterilized and inoculated in culture tubes
containing 15 ml media.

Observations: 30 days after inoculation, observations were recorded. Results were tabulated
in Table-1 with figures (Fig- 1 and 2).

b) Effect of different combination of auxin and cytokinins for callus maintenance of Stevia
rebaudiana in half and single strength of MS medium.

Treatments: MS Basal medium along with auxins IAA, NAA, 2,4,D at 0.1 mg L' and
cytokinins, Kinetin and BAP at 1 and 2 mg It were used in combination.

Methodology: As explained above.

Observations: After 30 days callus growth for different treatments were recorded that were
tabulated in Table-2 with figures (Fig-3 and 4).

Results and discussions

a) Effect of different combination of auxins and Kinetin as cytokinins on callus induction of
Stevia rebaudiana in different strengths of MS medium:

The results (Table 1) show that the growth of callus was found independent due to an
increased strength of MS media. Here, half strength of MS medium had given similar trend as
like that of single strength of MS medium. Indole -3- butyric acid (IBA) and Kinetin
combinations did not show any good response as like that of other combinations. 2,4-D 1.0
mg/L and Kinetin 0.2 mg /L combinations showed highest callus growth in both half (2.20
cm) and single strength (2.25 cm) MS medium. Whereas, IAA 1.0 mg/L + Kinetin 0.3 mg/L
combination showed response to all strengths of MS media, but in terms of survival rate, 2,4-
D and Kinetin showed good response among all. However, the overall growth response was
better in single strength MS medium than others but maintenance of callus was better in half
strength MS medium. Hence half strength MS medium was selected for callus growth.

Table 1. Effect of hormones on callus induction

Callus response Callus diameters (cm) Maintenance
Treatments on MS media of callus

Ya 1 2 Y5 1 2 Va 1 2
NAA1.0+Kinetin0.1 | No No No - - -- -- -- --
NAA1.0+Kinetin0.2 | Yes Yes No 1.00 | 1.08 -- ++ + --
NAA1.0+Kinetin0.3 | Yes Yes No 1.12 | 1.13 -- + + --
IAA1.0+Kinetin 0.1 No No No -- -- -- -- -- --
IAA1.0+Kinetin0.2 No Yes No 1.50 - -- + --

IAA1.0+Kinetin0.3 Yes Yes Yes 2.01 2.10 1.70 + + -

IBA1.0+Kinetin 0.1 No No No - - - - — —

IBA1.0+Kinetin0.2 No No No --

IBA1.0+Kinetin0.3 No Yes Yes - 1.70 1.60 - + -

2,4D1.0+Kinetin0.1 | Yes | Yes No 2.10 | 2.20 - -- -- --
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2,4D1.0+Kinetin0.2 | Yes | Yes No 2.20 | 2.25 ++ ++ -

2,4D1.0+Kinetin0.3 | Yes Yes Yes 1.70 1.80 | 0. 96 - + --

IBA= Indole butyric acid; IAA= Indole acetic acid; NAA=Naphthoxy acetic acid; 2,4 D = 2, 4
Dichloro acetic acid; (--) Dried; (+) Upto first subculture; (++) Upto second subculture;

b) Effect of different combination of auxin and cytokinins for callus maintenance of Stevia
rebaudiana in half and single strength of MS medium.

The results (Table 2) show that 2,4-D 0.1 mg L™ and Kinetin 2 mg L' gave higher callus
growth of 5.10 cm and 4.90 cm respectively in half and single strength of MS medium
respectively and least one was IAA 0.1 mg L™ and BAP 1.0 mg L™ combinations for half
strength (1.00 cm) and NAA 0.1 mg L and Kinetin 2.0 mg L' combination for single
strength (1.03 cm). Callus culture in combinations of 2,4-D, IAA with Kinetin and BAP were
dried after 2 weeks of inoculation, while combination of NAA with BAP and Kinetin were of
viable in nature and green in color, but more stable was recorded with NAA and BAP
combinations in both half and single strength MS media. Therefore, it may be concluded that
half strength MS medium was proved superior for callus maintenance in hormone
combinations of NAA and BAP.

Table 2. Effect of hormones on maintenance of callus

Treatments Callus initiation Callus growth (cm) | Maintenance of callus
aMS 1 MS aMS 1 MS 1AMS 1 MS
IAAO0.1+Kinetin1.0 No No -- -- -- --
IAA0.1+Kinetin2.0 | Yes Yes 1.90 1.95 -- +
IAA0.1+BAP1.0 Yes Yes 1.00 1.10 -- --
IAA0.1+BAP2.0 No Yes -- 1.05 -- --
NAAO.1+Kinetinl.0 No No -- -- -- --
NAAQO.1+Kinetin2.0 No No -- -- -- --
NAAO.1+BAP1.0 Yes Yes 3.10 2.81 ++ +
NAAO.1+BAP2.0 Yes Yes 4.30 4.25 ++ ++
2,4D0.1+Kinetinl.0 | Yes Yes 1.80 1.80 + --
2,4D0.1+Kinetin2.0 | Yes Yes 5.10 4.90 + +
2,4D 0.1+BAP1.0 Yes Yes 2.10 2.15 -- --
24D 0.1+BAP2.0 Yes Yes 2.03 3.00 + --

Table 3. HPTLC analysis data for micro propagated callus study

Treatments Fresh weight(g) Dry weight(g) % stevioside
Half MS medium 2.72 0.512 5.60
Full MS medium 2.31 0.331 4.45

The production of Stevioside in callus cultures has been positively reported by Komatsu et a/
(1976) while Handro et al (1977) reported that their culture were not sweet but in this present
study effect of MS medium at half and full strength was evaluated on sweet stevioside content
in Stevia.

From the Table 3, it was found that half MS medium was better (5.60 %) than full strength
(4.45 %) in respect of stevioside content. The results of the present investigation has
confirmed the earlier results reported by Nepovim et al., (1998) and Geuns (2003).
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Conclusions

The NAA 0.1 + BAP 2.0 treatment combination has been proved superior in callus initiation,
growth and maintenance. The use of half MS medium was found better with respect to fresh
weight, dry weight and percentage of stevioside content compared to full MS medium
irrespective of different treatments.
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INTERACTION EFFECT BETWEEN PHOSPHORUS AND ZINC ON THEIR
AVAILABILITY IN SOIL IN RELATION TO THEIR CONTENTS IN STEVIA
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Summary

A greenhouse experiment was conducted at the Indian Institute of Horticultural Research (IIHR), Bangalore,
India, to study the interaction effect between phosphorus and zinc on their availability in soil in relation to their
contents in Stevia rebaudiana. The results show that the amount of available P and Zn content in soil has been
found to increase initially and, thereafter, the amount of the same decreased with the progress of plant growth
up to 60 days irrespective of treatments. The amount of P and Zn in soils showed an increase with their separate
applications either as soil or foliar spray while that of the same value significantly decreased both in soils and
plants due to their combined applications, suggesting a mutual antagonistic effect between Zn and P affecting
each other’s availability in soil and content in the stevia plant.

Keywords: interaction, phosphorus, soil, stevia, zinc
Introduction

Stevia (Stevia rebaudiana Bertoni) is a sweet herb (medicinal plant) native of Paraguay. It
belongs to the family Compositae and is fast becoming a major source of high-potency bio-
sweetener for the rapidly growing market of “natural” foods, replacing chemical sweeteners
(Saccharine) and even table sugar (Mandal et al ., 2005). Roy et al.(2005) also reported that
the leaves of stevia are free from carbohydrates and calories and, hence, it can be used safely
by diabetic patients. It has now been recognized that stevia has many uses for human beings,
especially when it acts as a sugar substitute for those persons with blood sugar problems.

In view of the above fact, cultivation of stevia is gradually gaining importance in India,
having no sufficient agronomic management practices. Any practice of a nutrient
management, which either decreases or increases the supply of another nutrient element or its
absorption from the soil by plants or translocation and mobility within the plant, will
influence its nutrition and, thereby, the nutrient use efficiency and crop yields (Takkar et al.,
1985). The use of NPK fertilizers and well-rotten FYM are common practice for cultivation of
any crop including medicinal plants like stevia. However, the efficiency of applied P rarely
exceeds 30% and that of most of the micronutrient cations more than 10%. Therefore, their
repeated applications over the years lead to their buildup and interactions in soils and plants,
affecting agricultural production (Takkar et al., 1985). But the use of micronutrient fertilizers,
especially Zn, for cultivation is still limited; rather, no information about this is available. The
heavy use of P fertilizers may have some adverse or favourable effect on the availability of
applied Zn in soils as well as its effect on plants (Takkar et al., 1985 and Das and Mandal.,
1986). Hence, the interaction effect between Zn and P is still very much contradictory.
Therefore, it is worthwhile to study the interaction effect between P and Zn on their
availability in soil in relation to their contents in stevia.
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Materials and methods

Cuttings of the stevia plant were collected from Gandhi Krishi Vigyan Kendra, Bangalore and
were used as a test plant. Before planting, initial soil samples were analysed for pH
(Soil:Water, 1:2.5), organic carbon, CEC, available P, and DTPA-Zn by following the
methods described by Jackson (1973) and Lindsay and Norvell (1978). After extracting the
soil samples, Zn and P were determined with the help of an atomic absorption
spectrophotometer (Perkin Elmer model AAnalyst 100) and spectrophotometer, respectively.
The relevant physicochemical properties of soils were: pH, 8.9; organic carbon, 3.8 g/kg;
available P,0s, 38 kg/ha; CEC, 14.4 Cmol(p')/kg; DTPA-extractable Zn, 0.42 mg/kg.
Thirty-two earthen pots (15-kg capacity) were taken and 10-kg powdered soil collected from
the Indian Institute of Horticultural Research Farm, Hessaraghata, Bangalore was filled in
each pot and the following treatments were: T; — absolute control, no application of Zn and P;
T, — application of P,Os, but no application of Zn; T3 — soil application of Zn as ZnSO4 @ 10
kg/ha, but no application of P,Os; T4— foliar application of Zn as ZnSO4 @ 0.2% solution, but
no application of P,Os; Ts— both soil (ZnSO4 @ 10 kg/ha) and foliar (ZnSO4 @ 0.2%) of Zn,
but no application of P; T¢ — soil application of both Zn as ZnSO4 @ 10 kg/ha and P,Os as
single super phosphate (SSP) @ 30 kg/ha; T; — foliar application of Zn as ZnSO4 @ 0.2%
along with soil application of P,Os at 30 kg/ha; Tg — both soil (Zn as ZnSO4 @ 10 kg/ha) and
foliar (Zn as ZnSO4 @ 0.2%) application of Zn along with basal application of P,Osas SSP @
30 kg/ha. Each treatment was replicated four times in a completely randomised design (CRD).
There were 32 pots (8 x 4) altogether. The pots were placed in net house in order to monitor
growth of the plant after cuttings of the stevia plant were put in each pot. Then the plants were
allowed to grow for a period of 60 days. The periodic collection of soil and plant samples was
made and analysed for pH, DTPA-extractable Zn, and available P by following the method as
mentioned earlier.

Results and discussion

The results (Table 1) show that the amount of available P content in soil has been found to
increase initially and, thereafter, the amount of the same gradually decreased up to 60 days of
plant growth irrespective of treatments. The magnitude of such changes, however, varied with
treatments; the greater amount in the treatment where only P was applied as basal. The results
further indicated that the increased amount of available P was found to be significantly
decreased with the application of Zn and P; the greater decrease (1.74 mg/kg) with both soil
and foliar application of Zn along with basal application of P to the soil at 60 days of plant
growth. Such decrease might be due to the antagonistic effect between Zn and P in soils
forming insoluble compounds, Zn3(PO4), resulting in the low amount of P in the available
pool (Takkar et al., 1985, Mandal and Haldar., 1980 and Das, 2004 ).

Table 1. Interaction Effect Between P and Zn on the Changes in Available P Content

(mg/kg) in Soil
Days after Plant growth
T reatments I5 30 45 60 Mean
—Zn, —P 1.64 2.14 1.86 1.74 1.85
—Zn, +P 3.26 3.68 2.48 1.97 2.85
Zn(S), -P 1.58 1.79 1.57 1.46 1.6
Zn(F), -P 1.49 1.55 1.50 1.44 1.50
Zn(S+F), —P 1.60 1.64 1.54 1.48 1.57
Zn(S), +P 2.78 2.96 2.32 1.84 2.48
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Zn(F), +P 2.66 2.88 241 1.81 2.44
Zn(S+F), +P 2.69 2.77 2.11 1.74 2.33
Mean 221 2.43 1.97 1.69
2 (0.05) 0.14 0.21 0.17 0.11

The results (Table 2) show that the amount of DTPA-extractable Zn content also showed
almost a similar trend of changes to that of available P, but the absolute amount of Zn was
recorded much lower than that of available P in soil. Considering the effect of different
treatments, it was found that the amount of Zn content in soil was maintained highest (1.36
mg/kg) in the treatment where Zn was applied as both soil and foliar spray in the absence of
P, which was closely followed by the treatment Ts (1.22 mg/kg) where Zn was applied to the
soil in the absence of P. The relatively lower amount of Zn was maintained in treatments
where combined application of Zn, both as soil and foliar, and P was made. Such decrease in
the amount of Zn due to combined application of P and Zn might be explained as the
antagonistic effect between them. It has been reported that the interaction between Zn and P
occurred in soil because added P decreased the available Zn content in plants. An increasing
level of P in soils significantly decreased shoots and grain yields of maize (Takkar et al.,
1985).

The results (Table 3) show that the amount of Zn in stevia plants gradually decreases after
attaining a maximum value at 30 days of plant growth, which might be due to the dilution
effect resulting from the greater biomass production at the later period of growth. The amount
of Zn content was maintained highest (4.62 mg/kg) in the treatment Ts where Zn was applied
as both soil and foliar spray in the absence of P with the simultaneous highest total biomass
production (23.34 g), which suggests that the contribution of Zn content in plants towards
biomass production was far greater than that of P content. However, such decrease in Zn
content in stevia plants due to P application might be explained by restricting the translocation
of Zn from roots to other parts of the stevia plant resulting from the interference of applied P
in the metabolic processes of plants (Takkar et al., 1985). An excess of P inhibits Zn uptake,
first by curtailing its translocation through endodermis into root xylem, and finally and more
importantly, by lowering its rate of absorption through the epidermal or surface cell layer of
the root (Takkar et al., 1989).

Table 2. Interaction Effect Between P and Zn on the Changes in Zn Content (mg/kg) in Soil

Days after Plant growth

Treatments I5 30 45 60 Mean
—Zn, —P 0.44 0.52 0.43 0.46 0.46
—Zn, +P 0.46 0.50 0.44 0.48 0.47
Zn(S), -P 0.82 1.47 1.78 1.22 1.32
Zn(F), -P 0.48 0.55 0.68 0.62 0.58
Zn(S+F), P 0.88 1.54 1.89 1.36 1.42
Zn(S), +P 0.70 0.82 0.86 0.88 0.81
Zn(F), +P 0.54 0.63 0.59 0.51 0.57
Zn(S+F), +P 0.79 0.82 0.89 0.83 0.83
Mean 0.63 0.86 0.95 0.80
p (0.05) 0.16 0.12 0.28 0.23
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Table 3. Interaction Effect Between P and Zn on the Zn Content (mg/kg) in Plant

Days after Plant growth

I reatments I5 30 45 60 Mean
—Zn, P 2.61 2.82 2.58 2.10 2.53
—Zn, +P 2.30 2.48 2.27 1.96 2.25
Zn(S), -P 4.54 4.86 4.42 4.28 4.5
Zn(F), -P 491 5.18 4.76 4.40 4.81
Zn(S+F), —P 4.98 5.89 4.78 4.62 5.07
Zn(S), +P 2.58 2.78 2.36 2.11 2.46
Zn(F), +P 4.23 4.58 3.82 3.77 4.1
Zn(S+F), +P 248 2.86 2.24 2.08 242
Mean 3.58 3.93 3.40 3.17
p (0.05) 1.12 1.26 1.14 1.22

The results (Table 4) show that the amount of P content in stevia plants has been found to
increase initially and, thereafter, the amount of the same decreased up to 60 days of plant
growth. Such variation in the P content, however, varied with treatments. The highest (1.98
mg/kg) and lowest (1.46 mg/kg) amount of P was maintained in T7 and T4 treatments where
Zn was applied as foliar along with basal application of P and foliar spray of Zn in the
absence of basal application P, respectively. Zinc fertilization depressed P concentration in
plants, but the interactive effect of P on Zn was more pronounced than that of Zn on P
(Takkar et al., 1985). It was also reported that reduced synthesis of some organic acid
complexes at high P levels partly might be the cause for P-induced Zn deficiency and also
partly due to reduction of unit absorption rate of Zn by roots putting restraint on the functional
requirement of Zn by plants (Takkar et al., 1989).

Table 4. Interaction Effect Between P and Zn on the P Content (mg/kg) in Plant

Days after Plant growth

Treatments 15 30 45 60 Mean
~Zn, P 1.74 1.92 1.80 1.58 1.76
—Zn, +P 2.40 2.68 2.42 1.94 2.36
7n(S), -P 1.76 1.89 1.77 1.60 1.76
Zn(F), —P 1.78 1.86 1.80 1.46 1.73
Zn(S+F), P 1.71 1.88 1.78 1.58 1.74
Zn(S), +P 1.96 2.05 1.84 1.71 1.89
Zn(F), +P 2.37 2.74 2.48 1.98 2.39
Zn(S+F), +P 1.97 2.10 1.87 1.73 1.92
Mean 1.96 2.14 1.97 1.70
p (0.05) 0.38 0.27 0.18 0.21

Conclusions

The interaction effect between P and Zn did not show any positive effect on their availability
in soil as well as their contents in the Stevia rebaudiana plant. The results clearly suggested
that the application of Zn only, as both soil and foliar spray, was found superior over that of P
only as basal application in relation to their availability as well as contents in plants, while
that of the same content in soil and plant was recorded significantly lowest when Zn was
applied as both soil and foliar spray in the presence of P, suggesting an antagonistic
relationship between Zn and P in relation to their availability in soil and contents in plants.
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GERMAN CHAMOMILE CHAMOMILLA RECUTITA (L.), A SUITABLE CROP FOR
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of Srpska, Bosnia and Herzegovina

Summary

In organic production conversion period is the most difficult time for producers. To overcome that period with
minimum loss of income it is very important to choose appropriate crop. In this experiment 9 producers are
chosen and they start with organic production on 11 ha. After two years of production it was obvious that
chamomile is excellent crop for conversion period because does not need protection from pests and disease and
does not need mineral fertilizers. Yield was between 1600 and 2500 kg/ha of pure chamomile flowers and
between 1500 and 2200 kg/ha flowers with petals. After drying producers put on the market chamomile like
conventional but anyway they earn more than with some cereal crops. This experiment shows that chamomile is
for sure suitable crop for conversion period.

Keywords: Chamomile, conversion period, organic agriculture
Introduction

Chamomile, Chamomilla recutita (L.) Rauschert, family Asteraceae, is a native of southern
and eastern Europe. Today, however, this species has spread throughout most of the European
continent. The plant has considerable ecological amplitude and can adapt to less than
optimum climatic and soil conditions (Salamon, 1992). Chamomile is one of the most
important medicinal plants in the world, grown primarily for the flowers which are used as a
drug (Flos Chamomillae). This chamomile drug has anti-inflammatory, antiseptic,
stimulative, carminative, spasmolytic and sedative activity (Salamon, 1994).

In Bosnia and Herzegovina medicinal plants are cultivated on surface which is between 200
and 300 ha. Most of these cultivation areas are chamomile fields (Companies’ Catalogue,
2006).

In conversion period, which is obligatory in organic production, the most important question
is how to overcome that phase with minimum loss of income and how to avoid use of mineral
fertilizers and pesticides. Pests and diseases in medicinal plant production do not represent
problems and those species do not have big demand for nutrients. Weeds are the biggest
problem in this production (Znaor, 1996). In chamomile field it is possible to find more than
40 weed species, but just some of them are important (Veronica persica Poir., Rumex crispus
L., Sonchus asper (L.) Mill., Convolvulus arvensis L.) (Monograph, 1997).  Capsella bursa-
pastoris 1s the most important weed because its cycle is compatible with chamomile cycle, but
this problem can be solved with proper agro technique (Muminovic, 1998). The intention of
this assessment was to find out could chamomile be a suitable crop to overcome the problems
which appears during conversion period.

Material and methods

The cultivation and production in conversion period has two main complex questions: how to
overcome that phase with minimum loss of income and how to avoid use of mineral fertilizers
and pesticides. Proper choice of crop can solve those problems. This field trial was carried out
on 9 farms, totally surface 11 ha, in the village Liskovac, North Bosnia and Herzegovina, near
the city Nova Gradiska. This region is the biggest flat area in Bosnia and Herzegovina and it
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is characterized with intensive and modern agriculture production. This locality has temperate
continental type of climate with annual mean temperature 11°C and total precipitation 820
mm. It is on 92 m a. s. L. altitude.

Prevailing soil type in that village is pseudogley with following characteristics: pH (KCI)
from 4.1 to 7.0; content of humus from 1,5 % to 3,4 %; from 0,5 to 16,3 mg/100 g P,Os; from
17,4 to 41,5 mg/100 g K,O (Table 1).

Table 1. Soil analysis from 9 farms

H P,0s K>O
Farm 55 i KCl Humus % mg/100 g mg/100 g

1. 5.7 46 1.8 4.1 174
2. 6.4 5.5 2.4 16.3 415
3. 5.2 45 2.8 9.2 39.2
4. 6.1 47 3.4 2.8 20.5
5. 5.4 46 1.9 48 25.8
6. 5.3 4.1 1.8 1.2 22.5
7. 7.1 7.0 3.0 2.1 23.7
8. 6.3 5.2 22 0.5 30.2
9. 6.2 5.2 1.5 2.0 26.3

As we can see from the table 1, except one farm, every field has acid reaction of the soil. This
is common characteristic of that region. Also we can see that percentage of humus is not high
which is due to general maintenance of the soil and agro technique which farmers apply as
well as characteristics of pseudogley type of soil.

On most of the farms preceding crops were cereals, wheat or barley. Farmers in that region
produce wheat, barley, maize or they have cattle and in that case sow fodder crops. Fields
were mainly free from weeds and with proper crop rotation every year but farmers, also used
herbicide to control weeds. On farm number 4 were a huge number of Ambrosia artemisifolia
plants, which are completely covered the field. This farmer mowed Ambrosia artemisifolia
and prepares soil on time for chamomile sowing. This was the first time that those farmers did
chamomile production.

Chamomile was propagating by direct sowing in the field, over the soil surface, in the
growing season 2003/2004 and again in the 2004/2005 in dry farming conditions. On the
bigger fields farmers used sowing machines and on the smaller fields they sow by hands. We
use 12 kg/ha of chamomile seed, variety Banatska, which is only present on the market in that
period in Bosnia and Herzegovina. Farmers finished sowing of chamomile on September 25"
in the year 2003 and on September 14™ on the year 2004. Fertilizers were not used.
Harvesting was done with chamomile harvester when chamomile was in full flowering. This
harvester is a propelled machine which is carried by tractor and is used for direct picking of
chamomile flowers. Capacity for harvesting is 2,5 ha per day. After harvesting, biomass was
transported on vibrating machine which separate flowers with small stalks from flowers
which have long stalks. Finally, flowers with small stalks go on stalk cuter. All biomass was
dried at 40°C, to attain 14 % of moisture content. Pure flowers went on the market like pure
chamomile flower tea and flowers with stalks were pulverized and used for filter bags. After
first year, some farmers decide to produce cucumbers till next sowing of chamomile and some
just left soil to have a rest.
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Results and disscusion

The chamomile has germinated in autumn and developed leaf rosette, safely overwinters
under snow cover and starts growing at the end of the winter, when air and soil temperature
went up. The harvest of chamomile crop was at the end of May. Yield of fresh chamomile
varies from farm to farm (Table 2).

Table 2. Yield of fresh chamomile on 9 farms in two years

) Yield of pure flowers Yield of flowers with
Size of the
Farm field (ha) (kg) stalks (kg)

2004 2005 2004 2005
1. 0.8 1494 1528 1416 1556
2. 1 1769 1684 1643 1590
3. 1.3 2714 2905 2580 2764
4, 2.4 3932 4070 3616 3832
5. 1.5 2563 2625 2541 2791
6. 0.5 847 930 768 831
7. 1 2549 2362 2140 2068
8. 1.5 2728 2886 2623 2745
9. 1 1683 1740 1558 1798
AVERAGE: 1843 1884 1717 1816

If we recalculate yield on kg/ha we can see that the yield of pure fresh flowers in the first year
was between 1638 kg/ha (farm 4) and 2549 kg/ha (farm 7) and for the second year was
between 1684 kg/ha (farm 2) and 2362 kg/ha (farm 7). Yield of fresh flowers with stalks was
between 1506 kg/ha (farm 4) and 2140 kg/ha (farm 7) in the first year and between 1590
kg/ha (farm 2) and 2126 kg/ha (farm 3) in the second year.

Highest yield of chamomile was obtained on farm number 7. Better yield on that farm could
be consequence of several factors, among which neutral pH value and higher fertility of the
soil are the most important ones.

In that period price of fresh chamomile pure flowers was 0.25 €, and farmers got 0.10 € for
flowers with stalks. If we take in consideration that in chamomile production everything is
mechanized and that for preparation of the soil, sowing and harvesting farmers does not need
more than 4 days/ha, than we can say that this is very secure and profitable production. In
addition, in Bosnia and Herzegovina farmers get subvention for medicinal plant production,
which is 750 €/ha.

There were no problems with pests and diseases on any farm. Also, there was not a problem
to find buyers for chamomile flower on domestic market. After second year of chamomile
production, these 9 producers made together 4 draying chambers which have enough capacity
to dry all chamomile flowers from their fields.

Chamomile crop succeeds in overcoming weeds due to its earlier start and rapid growth.
There were no significant problems with weeds, not even on field which was full of Ambrosia
artemisifolia. Even on that field chamomile crop prevail over weeds.

Conclusion
The chamomile yield varied from 1638 kg/ha to 2549 kg/ha. The price of chamomile flower is
good and farmers can earn more money than if they produce cereals. Beside that, after

harvesting of chamomile there is more than tree months for second crop which also can bring
some income. If we take into consideration that this production is completely mechanized,
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and that there is no serious problems with pests, diseases and weeds and also that chamomile
does not need mineral fertilizers we can recommend it as a suitable crop for conversion
period.
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Summary

Reseda lutea L. (Resedaceae), with a wide distribution area in Turkey, is used as a natural dye in dyeing
industry. Although this medicinal plant is used in life stock feeding and honey production in many parts of the
world, it was reported that it is seen as a weed in some parts of the world. The aim of this study is to determine
anatomical characteristics of root, stem and leaf of R. lutea in cross sections. As a result of the study, it was
identified that anatomical characteristics of the species resemble to other members of the family Resedaceae, to
which this species belong. The most distinguishing characteristic of the species in anatomical structure is the
presence of myrosin cells, which is also present in root, stem and leaf of other members of the family. The leaf'is
bifacial, stomata in the leaves show mesophytic, anomocytic and amphistomatic characteristics. It is interesting
that leaves of the species do not have glandular cells, but they are seen in cross sections taken from the stem.

Keywords: Anatomy, medicinal and useful plant, Reseda lutea.
Introduction

Resedaceae family is represented by 6 genera in the world. Among them only genus Reseda
L. is distributed naturally in Turkey. Genus Reseda contains approximately sixty species
throughout the world. In Turkey the genus is represented by 15 species, including Reseda
Iutea L., 1 sub-species and 7 varieties (Davis 1965, Davis et al. 1988, Ozhatay et al. 1994).
R. lutea is generally distributed in temperate zones in the world. General distribution areas of
the species can be defined as follows: From South, West and Middle Europe to Finland,
Norway and Sweden; Great Britain; Mediterranean Basin and Anatolia; Southwest Asia,
Former Soviet Union countries and Afghanistan; Chile, USA; Australia and New Zealand;
South and North African countries (Dogan 2001).
R. lutea is distributed naturally on open rocky slopes and wet areas, and on changing
environments as a result of anthropogenic activities like roadsides, rail road sides, garbage
dump areas, around agricultural areas, artificial ditches and grave yards, etc. Our study
sample, R. lutea is distributed densely in Turkey as a ruderal plant.
For centuries the species has been widely used by local people as a source of natural dye in
carpet and rug industry in this country (Anonymous 1991, Dogan 2001). Therefore, in some
places in Turkey, the species has a special place in locals’ economic lives. Although it is not
common nowadays, according to Bonnier (1934), this species has been used by locals due to
its diuretic, sedative and sudorific characteristics.
We can summarize the economical importance of R. /utea in the light of related literature:
e Asamedicinal plant (Bonnier 1934),
e In daily life, young leaves of plant goods in salad and raw as an edible plant (Kirk
1975, Kunkel 1984),
e In carpet and rug industry, as a source of natural dye (Ugur 1988, Anonymous 1991,
Oztiirk & Ozgelik 1991),
e In animal farming, as a grazing plant and stock food source (Moghaddam 1977, Heap
et al. 1995),
e In honey production, due to its high nectar secretion (Jablonski et al. 1992),
e In combating with the erosion, as a primer succession plant (Bruns & Jochimsen 1989,
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Jochimsen & Janzen 1991, Heap et al. 1995),
On the other hand, the species is seen as a weed in some parts of the world, especially in
cultivated areas (Abdallah & Dewitt 1978, Forbes & Mathews 1985, Heap et al. 1995, Dogan
et al. 2002).
In this study, due to its economical importance and wide distribution in Turkey, it was aimed
to investigate the anatomical characteristics of R. /utea by using samples collected from
Western part of Anatolia.

Material and methods

Plant samples of our study material R ./utea were collected from 5 different West Anatolian
cities from 25 m to 1500 m altitude from the sea level. These localities are as follows:

Canakkale

1. A1 Ecebat, between Alcitepe-Eceabat, near the field, 50 m.

Balikesir

2. B1 Savastepe, Sogucak Village, near the field, 400 m.

Izmir

3. B1 Konak, in the park.

Denizli

4. C2 Honaz Mountain, Kocapinar Village, near the field, 1500 m.

Kutahya

5. B2 Gediz, Abideler Village, 625 m.
Collected plant samples were identified taxonomically according to "Flora of Turkey and the
East Aegean Islands" (Davis 1965) and "The Biology of Australian Weeds" (Heap et al.
1995).
After identification, the plant materials were put into 70% alcohol solution to preserve their
characteristics for later anatomical investigation. Anatomical sections of the material, then,
were taken from root, stem and leaves. The sections were put into sartur reactive and milon
reagent. Then, photos of the sections were taken under the light microscope by using
microphotography apparatus (Figures 1-9).

Fig. 1. A cross section of the root of R. /utea (3.2 x 6.3). Ek-Eksodermis, C-Cortex, P-
Phloem, X-Xylem.
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Fig. 4. Detail appearance from the stem of R. lutea (10 x 6.3). Cu-Cuticle, E-Epidermis, C-
Cortex, P-Phloem, X-Xylem, M-Myrosin cell.
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el . ME -
Fig. 6. A cross section of the leaf of R. lutea (10 x 6.3). Cu-Cuticle, E-Epidermis, Pp-Palisade
parenchyma, Sp-Spongy parenchyma
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Fig. 7. Upper epiderms with stomata in the transverse section of the leaf of R. lutea
(10 x 6.3). E-Epidermis, S-Stoma.

Fig. 8. Lower epidermis with stomata in the transverse section of the leaf of R. lutea (10 x
6.3). E-Epidermis, S-Stoma.

Fig. 9. A cross section of the leaf of R. lutea (40 x 6.3). Cu-Cuticle, E-Epidermis, S-Stoma,
Me-Mesophyll.
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Results and discussion

In the investigation of the anatomical structure of the cross section of the root of R. lutea, a
lignified and broken shaped exodermis is seen on the outer surface. Epidermis cells cannot be
seen clearly. Parenchymatous cortex shows a structure which is squeezed in a narrow place.
Vascular region covers a large area. Among them phloem tissue covers a very narrow place
and cannot be distinguished. Xylem tissue, on the other hand, covers a very large space and
extends to the pith. Endodermis and pericycle are not clear, therefore, cannot be
distinguished. In the cortex and pith regions of the root, secretion cells (myrosin cells) are
seen.

In the cross section taken from the stem of R. lutea, a thin layer of cuticle and epidermis layer,
which is formed by thickened membranous smaller cells, are seen on the outer surface of the
stem. Glandular hairs are seen in some places in the epidermis layer. Just below the epidermis
layer, cortex layer, which is formed by non-homogenous cells, takes place. Cortex tissue
contains high amount of myrosin cells. The phloem tissue, squeezed between the cortex and
xylem tissues, covers a very narrow place in the stem. Xylem tissue, on the other hand, covers
a very large space in the form of a well-arranged circle. Like in the cortex region, among the
cells close to the pith, ample amount of myrosin cells are identified.

In the cross section of the leaves of R. lutea, the outer surface of both upper and lower surface
of the leaf is covered by the cuticle layer. Just below the cuticle layer, epidermis layer, which
is formed by one-layer of bigger cells, is seen. Upper and lower membranes of the epidermis
cells are thickened. The leaf shows an equifacial structure. That means that palisade
parenchyma cells are present on both upper and lower part of the leaf and a layer of spongy
parenchyma in between them. It is very difficult to distinguish the palisade and spongy
parenchyma cells from each other in the mesophyll structure. While spongy parenchyma cells
cover a little space, palisade parenchyma cells cover a wider space in the mesophyll.
Superficial sections taken from the leaf to investigate the structure of the stomata show that
stomata are of Ranunculaceous (anomocytic) type. Stomata are seen on both sides
(amphistomatic type) of the leaf. Stomata show mesophytic character in the cross sections of
the leaf. In other words, stomata cells and epidermis cells are on the same level. As in root
and stem cross sections, myrosin cells are present in leaf mesophyll tissue. Crystal structure
could not be seen in the leaf cross sections.

In our literature review, no detailed study about the anatomical structure of R. lutea could be
found. Only one literature, Metcalfe & Chalk (1957), reported the general structure of the
family Resedaceae and some of Reseda species other than R. [utea. Bonnier (1934), Metcalfe
& Chalk (1957), Fahn (1967), Gibbs (1974) and Jorgensen (1995) stated that, like in the
members of the families Caricaceae, Caparaceae and Brassicaceae, presence of myrosin cells
in the members of the family Resedaceae is characteristic. Parallel to this statement, in this
study it was identified that in the anatomical cross sections of R. [utea, in the root cortex and
pith regions, in the stem cortex and pith regions, and in the leaf mesophyll tissues myrosin
cells are present. The equifacial structure of the leaf, identified in this study, was not
mentioned by Metcalfe & Chalk (1957). They only reported that palisade parenchyma cells
and spongy parenchyma cells cannot be distinguished clearly from each other. Our other
findings about the anatomical structure of the root, stem and leaf of R. lutea investigated in
the cross sections in this study show a parallelism with the findings of Metcalfe & Chalk
(1957) studied on family level.
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Introduction

Withania somnifera Dun. is an exotic sub-shrub of the Solanaceae family, 30-150 cm high,
the branches covered with white sparkled hairs, sempervirent in its natural habitat. Its habitat
is extending from the dry regions of India to Asia Minor, the submediteranean regions and
The Canary Islands. The specialists focused on this species due to its multiple use in the
traditional Indian and African medicine- from bitter tonic to anti-tumoural. The drug mostly
used is represented by the roots as well as the bark, leaves and seeds. The active principles
present in the plant (especially in the roots) are used for the depurative and diuretic action, to
fight juvenile and grown-up debility. It also has an anti-inflamatory, antihelmitic and
aphrodisiac action and is further used to treat alcoholism and emphysematous dyspnoea, to
meliorate nervous exhaustion and tiredness, etc. (1). The most interesting use in traditional
medicine is that as a plant with anti-tumoural virtues, the leaves being reported as used in
local applications to treat tumours. Recently, some authors have shown that Withania
somnifera Dun. Has adaptogene, tonic, analgesic, antipyretic, anti-inflamatoty properties
being used in the treatment of rheumatism, ulcer, rheumatoid arthritis, asthma (2).

Material and method

To establish the main elements of technology for this species, we achieved at S.C.D.A.
Secuieni a series of experiments in which we observed the influence of the best epoch, of the
nutrition space and of fertilization on the plant growth and development as well as of the
Withania somniferum Dun. yield.

To establish the optimum cultivation epoch, we studied three variants at different times: V1-
cultivated at April 20; V2- cultivated at April 30 and V3-May 10.

For the optimum fertilization level we placed five variants:
V1-fertilized with 20 t/ha manure;

V2-fertilized with 30 t/ha manure;

V3-fertilized with 40 t/ha manure;

V4-fertilized with fertilizer with N50 P50;
V5-non-fertilized control.

To determine the optimum nutrition space we cultivated six variants;

V1-50 cm between the rows and 25 cm between the plants in the row;
V2-50 cm between the rows and 40 cm between the plants in the row;
V3-50 cm between the rows and 50 cm between the plants in the row;
V4-70 cm between the rows and 25 cm between the plants in the row;
V5-70 cm between the rows and 40 cm between the plants in the row;
V6-70 cm between the rows and 50 cm between the plants in the row.
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Results obtained

The experiments performed at Secuieni, between 2002 and 2003, showed that the cultivation
epoch influenced both the growth and development of the plants and the biomass production
per surface unit. The differences registered among the three epochs, taking into account the
number of days necessary to the phenophase stages, maintain themselves till budding after
which an evening in the plant development takes place. For the whole vegetation period, the
plants of Withania somnifera Dun. need a number of 126-136 days (fig. 1). The greatest dry
weight was obtained in the first epoch and the smallest in the last.(fig. 2).

Fig.1 The influence of the cultivation epoch on the phenophases development
of Withania somnifera Dun.

EPOCH

10 20 30 10 20 31 10 20 30 10 20 31 10 20 31 10 20 30 10 20 31

VEGETATION PERIOD

Fig.2 The influence of the cultivation epoch on the dry plant 32002
of Withania somnifera Dun. yield
02003

PRODUCTION (kg/ha)

Epoch | (20April) Epoch Il (30April) Epoch Il (10 May)

The results obtained after fertilization with manure and fertilizer showed that the species is not
productive with high fertilizing doses, the yield being inferior to that of the control in the case
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the plants were treated with 30 and 40 t/ha manure. The highest productions were obtained by
the variants fertilized with N50P50 (fig. 3). We must also admit that the droughty conditions
of 2003 lead to a bad capitalization of the manure and the fertilizer.

Fig. 3 The influence of the level fertiliyation on the dry plant 32002
of Withania somniferaDun. yield 02003

PRODUCTION(kg/ha)

V1-20t/ha V2-30t/ha V3-40t/ha V4 - N50P50 V5-non-
manure manure manure fertilized

As to the nutrition space, the highest yield of dry weight was obtained by the variants
cultivated at the distance of 50 cm between the rows and 50 cm between the plants in the row
and by the variants cultivated at 70 cm between the rows and 25 cm between the plants in the
row (fig. 4).

Fig.4 The influence of the nutrition space on the dry plant
of Withania somnifera Dun

PRODUCTION (kg/ha)

V1-50/25 V2-50/40 V3-50/50 V4-70/25 V5-70/40 V6-70/50

The biomass production was determined in the experiment regarding the nutrition space on
different organs of the plant. Thus, the greatest yield of roots, stems and fruit per ha were
obtained by the variants mentioned in the previous paragraph (fig. 5).
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Fig. 5 The influence of the nutrition space on the productivity elements
of Withania somnifera Dun.
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Conclusions

- Withania saomnifera is a plant that likes a warm climate but also needs raised humidity
especially in the early vegetation periods;

- W. somnifera may be cultivated in the interval April, 20-May, 10 but we must mention that
in the warm and droughty springs it may be cultivated in the first period of the interval so
that the plants beneficiate of the humidity accumulated during winter and the early spring.
This will assure the plant a rapid start, a good spring and good subsequent development. In
cold and humid springs, cultivation will be performed in the last period of the interval to
assure the necessary thermic conditions;

- The plant does not need a fertile soil; organic fertilizers determine the decrease of the dry
weight yield, compared to the control;

- Being a rather high plant, it prefers a greater nutrition space (50/50cm or 70/25 c¢m) for a
better branching and for the necessary luminosity.
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BIODIVERSITY AND PROTECTION OF THE MEDICINAL AND AROMATIC
PLANTS IN BULGARIA
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Summary

Medicinal and aromatic plants present very important part of the Bulgarias biodiversity. The scientific
investigations and the activity of the Bulgarian government for the sustainable use and protection of their
resources have been discussed in this paper.

Keywords: Medicinal and aromatic plants, biodiversity, protection
Current status of the Bulgaria’s biodiversity

At the beginning of 21" century the Bulgarian botanists have faced at some challenges as:

- Globalization of the science and the contribution of the regional sciences

- Innovation of new methods and technologies

- Development of interdisciplinary and applied investigations

- Application and implementation of an ecological approach

Globalization of the science gives us a possibility to exchange scientific information and to
apply the new criteria for an assessment of the research results. Bulgarian scientists would
give a significant contribution to the European botanical science with further investigations of
the Bulgarian flora ( Palamarev, 2002).

The Bulgarian vascular flora includes 3 900 species, belonging to 916 genera and 159
families. The current data shows that 186 species are Bulgarian and 312 species- Balkan
endemic plants ( Petrova et al., 2005).

Medicinal and aromatic plants (MAP) present a significant part of the Bulgaria’s biodiversity
and they play very important role in the everyday life of men- phytomedicines, herbal teas
and other natural products.

Bulgaria is a traditional producer and supplier of high quality medicinal herbs, essential oils,
etc. According to the Law on Medicinal plants (2000) 739 vascular plants are used for
medical purposes, as spices, for cosmetic products or as food. 29 rare and valuable species are
included in this list also (2004). The major part of this biodiversity presents Magnoliophyta-
658 species. There were remarked some families with big species richness: Asteraceae- 76,
Lamiaceae- 68, Rosaceae- 68, Fabaceae- 42, Apiaceae- 40, etc. Polypodiophyta includes 14,
Equisetophyta-5 and Lycopodiophyta- 3 species. One species from Algae ( Cystoseira barbata
(Good et Vood) Ag ) and one species from Lychenes (Cetraria islandica (L.)Ach.) have been
included in this list also (Gussev, 2005).

The MAP's resources have been strongly influenced by the climatic changes, erosion, fires,
agriculture and by the over-exploitation. The problem of these resources and their long-term
development was one of the main aspect of the National Strategy for biodiversity protection
(Hardalova et al., 1994).

Legislative activity of the Bulgarian government

The Law on Medicinal plants (2000) has determined the MAP they may be collected, the
rules for sustainable use and protection, as well as the cultivation of some valuable plants.
The amounts of medicinal herbs for personal and for economic usage and licence taxes are
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regulated also. The Ministry of Environment and waters (MEW) is responsible for the law
implementation and its Regional Inspectorates of Environmental Protection control this
process. The sustainable use of MAP’s resources is regulated also by the Law on Protected
Areas (1998). The system of protected areas in Bulgaria is comparatively well developed. At
present, there are 3 National Parks, 8 Nature Parks, 16 Biosphere Reserves under law
protection (Peev et al., 1998). The protected areas should be developed for the purposes of
nature protection according to the National and European legislation (Kathe et al., 2003).
However , it depends on their category. Few years ago Management Plans for two Bulgarian
National Parks have been elaborated. The state of the populations of some rare and threatened
plants, as well as the resources of some valuable MAP, have been carried out (Vitkova,
Evstatieva, 2000, Evstatieva, Vitkova, 2000).

Bulgaria is the only country in Europe, which has a National System of quotas with aim of
management the collection of wild MAP (Lange, 1998). The MEW annually issues quotas for
some economically valuable plants as: Paeonia peregrina Mill.,, Frangula alnus Mill.,
Primula veris L., Berberis vulgaris L., Galium odoratum (L.) Scop., Atropa bella donna L.,
Betonica officinalis L., Carlina acanthifolia All., Sedum acre L., Alchemilla vulgaris
complex. For 26 other species the collection of raw material from the natural habitats has
been strongly forbidden.

The National System for Environmental Monitoring, which has developed since 1994, has a
great significance. The data about MAP’s collection includes the species-specific quantities
collected in some regions with rich stock of valuable medicinal herbs.

In relation with the implementation of national and international legislative norms, concerning
the biodiversity conservation, the MEW initiated an establishment of a National Biodiversity
Monitoring System (Stanimirova, Ivanova, 2005). At present, this system is at state of
development and the monitoring of the MAP resources should be considered successfully in
future.

MAP with conservation significance are of a great interest for the Bulgarian botanists.
According to the Law on Biodiversity (2002) 61 species are protected and their collection
from the Nature is forbidden. 43 species are included in the list of CITES (Gussev, 2005). 76
rare and endangered MAP are presented in the Red Data Book of Bulgaria (1984). May be
this number will be changed in future, because of the new edition of this book, supported by
the MEW. The species have been evaluated according to IUCN Red List Categories and
Criteria.Version 3.1 (2001).

The habitat conservation plays an important role for the protection of Map's resources.
Bulgaria is an actively participant in the “Natura 2000 system of protected areas and it is in
the process of adopting the EU “Habitats, Fauna and Flora” Directive. Bulgaria has ratified
most of the important international conventions related to nature conservation and
environmental protection- Ramsar Convention, CITES, Bern Convention, Convention on
Biological Diversity, etc. Handbook for determination of habitats with European significance
in Bulgaria was published (Kavrukova et al., 2005).

One of the most effective manner for protection and conservation of the MAP is the
cultivation of some rare and valuable species. Bulgaria has an old tradition for cultivation of
some economically valuable plants as: Mentha piperita L., Melissa officinalis L., Valeriana
officinalis L., Matricaria recutita L., etc. In the last years the interest for cultivation of rare
MAP is increasing rapidly. Some protected plants as: Ruta graveolens L., Sideritis scardica
Griseb., Rhodiola rosea L., Alchemilla mollis (Buser) Rothm. have been -cultivated
successfully in small plantations (Evstatieva, Hardalova, 2004).
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Scientific investigations

At present, the main centre for scientific investigations and protection of Map s resources in
Bulgaria is the Institute of Botany, BAS, Department of Applied Botany. The research
projects, supported by the MEW and the National Research Foundation for mapping the
MAP’s resources, have been carried out by the Bulgarian botanists. The management
programs for the sustainable use and protection of MAP on the territory of the National Parks
have been established also (Genova, 2004).

Two experimental fields for ex-situ conservation of rare and threatened MAP were created
some years ago in the Institute of Botany, BAS (Evstatieva, Hardalova, 2004 ) One of them is
close to Sofia (550 m a.s.l.) and the second is in the Rhodopes mountains (1 550 m a.s.l.).
Other two collections for ex situ and in vitro conservation of rare and threatened plants were
created in the Institute for Plant Genetic Resources in Sadovo ( Koeva et al., 2005). These
collections could be used as a source for seeds, vegetative materials for cultivation of plants in
small plantations.

The research project “Alternative Approaches of bioproduction of alkaloids and active
substances from Bulgarian rare and threatened medicinal plants”, supported by NATO under
the science for Peace Programme, was finished successfully in 2006. Five-years monitoring of
natural populations of Leucojum aestivum L. was performed. In vivo and in vitro multiplied
original plant material were adapted in ex-situ collection of the Institute of Botany, BAS.
Bulgarian Leucojum aestivum Database containing data about diversity, population
characteristics, soil parameters in some habitats and galanthamine content was elaborated.

Further goals

There are some very important goals in the field of protection and conservation of MAP in

front of the Bulgarian botanists:

- To develop the management plans for the Map s resources in the protected areas

- To elaborate the certificated system for the MAP according to the requirements of the
European market

- To develop the monitoring system and to organize the database for some rare, protected
and threatened MAP.

- To organize courses, workshops for education and training of collectors, traders and all
people who have interest in sustainable use and protection of Map s resources.
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Summary

The main reaction of explants (shoot tips, nodes, leaves) of Lavandula angustifolia L. on varied hormonic
formuli of MS medium was callogenesis. Nodes and shoot tips provided neoplantlets only on hormone-free MS
and sporadically on MS with By, (0.2 mg/l), A; (2 mg/l IAA), KN, (1 mg/I kinetine and 0.5 mg/l NAA) and N, (2
mg/ NAA). A friable cream callus, high proliferative in light and also in darkness was obtained on A,. Its
capacity of fresh biomass accumulation was tested on varied hormonic formuli.

Keywords: lavander, callogenesis, caulogenesis, micropropagation

Introduction

Lavander (Lavandula angustifolia L.) is a perennial semi-bushy herb from the Lamiaceae
family, of mediterranian origin, grown in Romania for its active principles within its
inflorescences, especially for its volatile oil (that comprises mostly linalool and linalil
acetate). Lavander active principles have an antiseptic, carminative, sedative, antispastic,
diuretic, colagogue etc (1, 2, 4-9). Though lavander cultures can be accomplished with plants
provided generatively or vegetatively (by means of cuttings), in vitro micropropagation of this
species is important in view of eventual valuable genotypes multiplication. Callus production
by means of in vitro cultures and the selection of cell lines that produce certain substances
(e.g. biotine) appear to be up-to-date topics regarding this species, (3, 10, 11). All this being
considered, our aim was to investigate the morphogenetic reaction of some lavander explants
within in vitro cultures, the possibility of inducing indirect organogenesis via callus and
somatic embryogenesis, to evaluate the capacity of biomass accumulation in callus cultures,
to evince the cytogenetic outcome of the in vitro regenerants on varied hormonic formuli, as
well as their behaviour in field conditions. This paper presents the reaction of this species in
vitro and also the estimate of biomass accumulation in lavander callus cultures.

Material and methods

The source of explants to initiate the in vitro cultures of Lavandula angustifolia was
represented by plants from the Research Centre for Medicinal and Aromatic Plants from
Fundulea subsequently cultivated in soil pots in laboratory conditions at the ‘Stejarul’
Research Centre of Piatra Neamt. The explants (shoot tips) were sterilized for 20-25 minutes
in chloramine-T (solution, 5%), then rinsed twice with sterile distilled water and inoculated on
Murashige-Skoog medium, hormone-free or supplemented with 0.2 mg/l BAP. The MS
medium was solidified with agar (8.5 g/l) and the carbon source of the nourishing medium
was saccharose (25 g/l). The neoplantlets obtained on this culture media represented the
source of explants to diversify the experiences of in vitro testing on varied hormonic variants
of MS. The cultures were initiated in Erlenmeyer vials of 100 ml (B type) and then incubated
in a culture room with half-climatised conditions (temperature of 23 to 25° C, light intensity
of about 2000 lux, permanent illumination). We also evaluated the capacity of biomass
accumulation in callus cultures by means of a callus line provided by stems inoculated on a
culture medium supplemented with 2 mg/l TAA. The callus was cultivated in enlightened
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rooms and also in the absence of light and the data from table 1 represent the average estimate
of 3 vials for each hormonic variant. Our tests’ results are displayed in tables 1, 2 and figure 1

(a-f).
Results and discussions

In vitro culture initiation at lavander in the previously mentioned conditions did not raise any
particular difficulties. We may state from the beginning that the most significant
morphogenetic reaction of the tested explants (shoot tips, nodes, leaves, stem fragments) on
the most varied hormonic variants of the MS medium (A, B, BA;, BB,, BD;, BG;, BNy, Dy,
KN;, N,;) was callus generation (mostly friable, cream or green), (table 2, fig. 1-a-f).
Sometimes even the shoots transfered on MS medium without growth regulators for enrooting
provided roots at base and also a layer of friable callus, more or less developed. The most
appropriate medium formuli for callus induction from stems were BG;, BN;, BD; and Byp.
Leaf fragments provided callus intensively on D,. Stem callus as well as leaf callus
proliferated very intensively by transfering it on fresh media supplemented with BAP (0.5-2
mg/l), with BAP (1 mg/)+IAA (0.5 mg/l), with BAP (1 mg/l)+GA (0.5 mg/l), BAP (1
mg/l)+IBA (0.5 mg/l), kinetine (1 mg/l)+NAA (0.5 mg/l). The callus provided by leaves had
no organogenetic capacity. Friable cream or green stem callus grown in light conditions
(especially on nourishing media supplemented with BAP) turned green gradually, became
more consistent (breakable) and formed caulogenetic isles that generated multiple shoots
frequently. The friable cream callus produced at the base of nodes cultivated on media with 2
mg/l IAA (that was considered a callus line with proliferation peculiarities). Shoots provided
by indirect organogenesis (by means of callus) from stem (nodes) callus were resistant to
enrooting, disregarding the root-inducing medium formula).

Shoot tips and nodes inoculated on varied hormonic formuli also generated roots, forming
neoplantlets: sporadically on media with cytokinins and a high frequency of enrooting on
media with auxins (IAA, NAA) or cytokinins and auxins (BAP+IAA, BAP+NAA,
kinetine+tNAA), (table 2). The highest percentage of root formation was registered on MS
medium supplemented with 2 mg/l NAA. This medium formula also favoured the obtaining
of the most vigorous neoplantlets that had an average of 5 to 7 basal shoots. A quite
satisfactory frequency of enrooted shoots was observed on hormone-free MS medium (1d).
We consider that in order to micropropagate this species the best solution is to initiate and
maintain the culture only on hormone-free MS medium as lavander is very sensitive to
hyperhydria. This phenomenon brings a great difficulty in shoots enrooting which is
sometimes impossible. Supplying the culture medium with phytoregulators obviously
increases the risk to induce hyperhydria. At the same time the use of hormone-free MS
medium only inhibits callus formation at shoot base, as well as root generation. Researches to
discover the most appropriate hormonic formula for enrooting the shoots obtained by indirect
organogenesis via callus are in progress. Neoplantlets’ accommodation to septic environment
took a short period of time and the biological material losses did not exceed 10 %, (fig. 1f).
During our researches we offered a special attention to two stem callus lines that were very
semblable as consistency and colour (friable, cream-greenish), though their proliferation
capacity was very different. They were provided on MS medium supplemented with 2 mg/1
IAA (A;) and respectively on media supplemented with 1 mg/l kinetine and 0.5 mg/l NAA
(KNj). The friable cream callus obtained on A, transfered on BA; (1 mg/l BAP+0.5 mg/l
IAA) enhanced its luxurious multiplication, it gained a foamy aspect and this character was
maintained for about 2 years. Our purpose was to use this 2 callus lines to induce somatic
embryogenesis. In this view they were cultivated on hormone free MS, in a culture room with
no light (fig.1b).
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Fig. 1. a — Friable foamy callus provided by nodal explants on By, culture medium; b — Caulogenetic callus
generated by nodal explants on medium with IAA and transfered on media comprising Kinetine and IBA; ¢ —
Regeneration of shoots from nodal callus passed on media supplemented with BAP; d — Indirect multiple
shooting (from friable nodal callus obtained on A, formula) on MS basal medium; e — Neoplantlets with callus
formation provided on IBA medium; f — In vitro regenerants accommodated in a hydroponic system

Section |




4th Conference on Medicinal and Aromatic Plants of South-East European Countries

The A, line (kept in darkness) maintained its features though it was repeatedly passed for 4
months: high proliferation speed (in a period of 14 days it filled about half of the culture vial
and deprived the medium of its nutrients) and light-cream colour. The attempts to induce
somatic embryogenesis were unsuccessful. Growing this type of callus in light and its
repeated transfers on MS formula with BAP (0.2-0.5 mg/l) or with BAP (0.5 mg/l)+kinetine
(0.5 mg/l) improved its consistency. It turned green and caulogenetic callus isles appeared on
its surface, leading to shoot formation subsequently, (fig. 1¢). Even after 2 years of in vitro
subcultivation, A, callus line maintained its caulogenetic capacity.

Table 2. Biomass evaluation in in vitro lavander callus cultures

Hormonic Growth regulators (mg/litre) Biomass supply

variant BAP | Kinetine | GA | NAA (g/vial)

A. Callus cultures exposed to permanent illumination
MS - - - - 9.4452
BK 0.5 0.5 - - 13.5589
BG, 1.0 - 0.5 - 14.3526
KN; - 1.0 - 0.5 11.9016

B. Callus cultures maintained in darkness conditions
MS - - - - 12.7420
B 0.5 - - - 11.6152
BG, 1.0 - 0.5 - 14.9952
KN; - 1.0 - 0.5 12.2952

The high proliferation speed of A, callus cells determined us to evaluate its capacity of
accumulating fresh biomass within a fortnight, in light and also darkness conditions on MS
(control) medium and on certain hormonic formuli in view of its potential utility — production
of important active principles. It was very interesting issue is that callus biomass values
achieved in light and also in darkness conditions are very similar on the same medium
formuli. It was ascertained that on hormone free MS medium a greater callus biomass was
obtained compared to the one produced in the absence of light. In the first case some of the
nutrients are probably consumed during the cell differentiation processes and not only for
their own multiplication. The medium formula that provided the highest biomass both in light
conditions (14.35 g/vial) and darkness (14.99 g/vial) was the one comprising 1 mg/l BAP and
0.5 mg/l GA (BG)), (table 1).

The KN; callus line cells were also unable to produce somatic embryos by their repeated
cultivation on MS medium (in the absence of light). In this case callus displayed a lower cell
proliferation speed; it turned friable and cream, compact and whitish and some callus regions
generated shoots (etiolated) even in darkness conditions, shoots that got their natural colour.
In a period of 3 months this callus line lost its cell multiplication capacity gradually.

Conclusions

Our investigations regarding the in vitro behaviour of Lavandula angustifolia L. evinced that:
- Nodes and shoot tips provided neoplantlets on hormonic formuli that comprised
cytokinins (BAP and kinetine) and auxins (IAA, IBA and NAA) alone or combined,
the top efficiency was accomplished on MS medium supplemented with 2 mg/l NAA;
- Callogenesis process is very frequent at this species and was induced from all the
plants parts on every hormonic formula tested, the callus was friable, cream or green
and caulogenetic;
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A stem callus line (with a high proliferation speed, biomass efficiency and
caulogenesis) was isolated. This line maintained its features even after two years of in
vitro subcultivation.

We consider that the the results of our research depended very much on the genotype
of the biological material used to initiate the in vitro cultures of Lavandula
angustifolia.
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CARROT FRUIT ESSENTIAL OIL AND SUPERCRITICAL FLUID EXTRACT -
THE CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY

Glisi¢ Sandra', Misi¢ Dusan?, Zizovic Irena’, Stameni¢ Marko', A§anin RuZica®, Skala Dejan1

! Faculty of Technology and Metallurgy, Department of Organic Chemical Technology, Belgrade University,
Karnegijeva 4, 11020 Belgrade, * Faculty of Veterinary Medicine, Department of Microbiology, Belgrade
University, Bulevar, Oslobodjenja 18, 11000 Belgrade, Serbia and Montenegro

Summary

The composition of Carrot fruit (Daucus carrota, cultivar Chanteney) essential oil obtained by hydrodistillation
and its extract obtained by supercritical carbon dioxide extraction at 313 K and 10 MPa were examined. The
qualitative and quantitative analyses of the essential oil and supercritical extract were performed using GC and
GC/MS methods. Antimicrobial properties of the oil and the extract were investigated against nine strains of
bacteria and one strain of yeast.

Keywords: Carrot seed, Daucus Carota L., supercritical extract, essential oil, antimicrobial activity
Introduction

Supercritical fluid extraction (SFE) of active compounds from plant material is a promising
field for the industrial application of SFE [1] since it has certain advantages over steam
distillation and solvent extraction. Steam distillation can lead to thermal degradation and
partial hydrolysis of some essential oil compounds, while SFE can be performed at lower
temperatures, thereby preserving original extract composition and properties.

Carrot fruit (seed) essential oil is widely used as a flavour ingredient in most major food
categories. It is also used as a fragrance component in perfumes, cosmetics, and soaps.
Conventional method for carrot essential oil isolation is steam distillation of dried fruits. The
oil has anthelmintic, antiseptic, carminative, depurative, diuretic, emmenagogue, hepatic,
stimulant, tonic, vasodilatory and smooth muscle relaxant actions [2]. Moreover, the essential
oils of some varieties were proved to have antibacterial and fungicidal activities [3-12].

In this investigation antimicrobial activity of carrot fruit SFE extract was investigated using
10 species of microorganisms (9 strains of bacteria and 1 strain of yeast) and compared to the
antimicrobial activity of the essential oil obtained by the hydrodistillation. The MICs were
determined by agar dilution method and broth dilution method.

Material and methods

Fruits of Daucus Carota L. (Chanteney) produced in northern Serbia and examined by the
Agricultural Station Novi Sad, Serbia (320-6-00015-89/2002-04) were used in experimental
studies. The plant material moisture content was 9.1% wt. Carrot fruit essential oil was
isolated by hydrodistillation in Clevenger-type apparatus for 4 hours, up to the point at which
the oil contained in the herbaceous matrix was exhausted.

Extractions with SC CO, were carried out in the Autoclave Engineers Screening System
shown in Fig. 1. The Supercritical Extraction Screening System is designed for small batch
research runs using CO, as the supercritical medium. Liquid CO; is supplied from CO,
cylinder (T) by a siphon tube. The CO; is pumped into the system by the liquid metering
pump (LP) untill the required pressure is obtained. Back preassure regulators are used to set
the system pressure (in extractor — E, and separator - S). The extractor vessel (150 ml) is filled
with the plant material from which a substance is to be extracted. Heaters are supplied on the
extractor vessel for temperature elevation. The SC CO, flows through the extractor and enters

Section | 107



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

the separator vessel. Samples of the extracted substance can be taken by opening the ball
valve located at the bottom of the vessel. A flowmeter is provided to indicate the flow rate of
CO; being passed through the system and the flow can be adjusted by micrometering valve.
The CO; continues to flow out of the separator through the flowmeter/totalizer and out to
atmosphere. Carrot fruit was fine milled and sieved to the particle diameter of 0.5 mm. Mass
of the plant sample was 47g and the solvent flow rate was 0.3 kg/h in all experiments.
Extractions were carried out at temperatures of 313 and 323 K and pressures of 9 and 10 MPa.

.':-T(J@
¢ S

atmosphere

o —i) sample

il
Fig. 1. Schematic presentation of The Autoclave Engineers Screening System: T — CO,
storage tank; LP — high pressure liquid pump; E — extractor vessel; S — separator vessel.

GC-FID Analysis. Qualitative analyses of the samples were carried out using a Hewlett-
Packard GC (FID) analytical systems. Model HP-5890 Series II, equipped with a split-
splitless injector, HP-5 capillary column (25 m - 0.32 mm, film thickness 0.52 pm) and a
flame ionization detector (FID), was employed. Hydrogen was used as carrier gas (1 ml/min,
measured at 210 °C). Sample solutions in ethanol (1 pl) were injected in split mode (1:30).
The injector was heated at 255°C, the detector at 300°C, while the column temperature was
linearly programmed from 50-285°C (4.3°C/min). GC-MS Analysis. Quantitative analyses
were carried out under the same analytical conditions. HP 5890 Series II gas chromatograph
with HP G 1800C GCD Series II (GC-FID) detector, equipped with a split/splitless injector
(250°C) and a HP-5MS column (30 m x 0.25 mm x 0.25 pm film thickness). Carrier gas (He)
flow rate was 1 ml/min while column temperature was linearly programmed in a range of 40-
240°C at a rate of 4°C/min. Transfer line was heated at 260°C. Electron impact mass spectra
(70 eV) were acquired in m/z range 45-450. A library search and mass spectral deconvolution
and extraction were performed using NIST AMDIS (Automated Mass Spectral Deconvolution
and Identification System) software version 2.4.

Determination of antimicrobial activity. The investigation of the antimicrobial effects has
been performed on referential strains of Staphylococcus aureus ATCC 6538 P, Enterococcus
faecalis ATCC 29212, Bacillus subtilis ATCC 6633 BB, Bacillus cereus ATCC 11778,
Listeria monocytogenes ATCC 19115, Rhodococcus equi CAPM 6312, Escherichia coli
ATCC 25922, Salmonella enteritidis ATCC 13076, Pseudomonas aeruginosa ATCC 27853,
Candida albicans ATCC 10231 (Becton Dickinson). Mueller Hinton agar (BioLife), Mueller
Hinton broth (Becton Dickinson), Brain Heart Infusion agar (Merck), Sabouraud dextrose
agar (BioLife) and Sabouraud dextrose broth (BioLife) were used for the investigation. Active
substance of gentamicin sulfate (purity 685 pg/mg, Sigma) by Becton Dickinson was used for
comparative investigations of referential strains sensitivity. 2,3,5-
Triphenyltetrazoliumchliorid (Merck), final concentration at 50 mg/l, was added to Mueller
Hinton broth to obtain bacterial growth visibility.

Antimicrobial effects of carrot fruit oils obtained by SFE and hydrodistillation were
investigated by agar dilution method and broth dilution method. The preparation of the
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investigated bacteria suspension was performed according to prescribed references by
NCCLS for bacterial sensitivity to antibiotics investigation [13]. Each assay in this
experiment was performed in triplicate.

Results and discussion

The content of essential oil in carrot fruit obtained by hydrodistillation was 0.44%. In the case
of SFE the highest extraction yield was obtained at 313 K and 10 MPa, and the extract
obtained at these conditions has been chosen for further antimicrobial studies. Experimental
data of SFE from carrot fruit in two outermost cases (the highest yield at 313 K and 10 MPa
and the smallest yield at 323 K and 9 MPa) are presented in Fig. 2.
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Fig. 2. Yield of total extract as a function of the specific amount of solvent m, / m ..

(kg COy/ kg herbaceous material) for SFE from carrot fruit.

The chemical composition of the carrot fruit essential oil and SFE extract is presented in
Table 1. Carotol was the main component of SFE extract as well as the essential oil. SFE
extract was characterized with higher contents of carotol and heavier compounds than the
essential oil. As can be seen from Table 1 light components present in essential oil were not
detected in SFE extract.

Table 1. Chemical composition of essential oil and supercritical extract of Carrot seed

Peak Esse.ntial Supercriti
No. Compound RI oil, cal extract
area (%) | area (%)
1 a-Thujene 931 0.32 -
2 o-Pinene 939 7.95 -
3 Camphene 953 0.71 -
4 Thuja-2,4(10)diene 957 0.46 -
5 Sabinene 976 18.7 1.07
6 B-pinene 980 t -
7 B-Myrcene 991 1.35 -
8 E-3-Caren-2-ol 995 0.46
9 Car-2-ene 1001 0.55 -
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10 0-Cymene 1021 1.38 -
11 Limonene 1027 1.68 -
12 | y-Terpinene 1062 0.58 -
13 Terpinolene?? 1080 0.37 -
14 Linalool 1098 0.40 -
15 3(10)-Caren-2-ol 1111 0.31 0.67
16 Born-5-en-2-ol 1125 1.14 t
17 Pinocarveol 1139 1.37 t
18 cis -Verbenol 1144 2.76 1.13
19 Sabina keton 1158 1.30 0.96
20 Pinocarvone 1162 0.45 -
21 4-Terpineol 1176 0.47 -
23 Myrtenol 1193 1.15 0.51
24 Verbenone 1204 1.08 0.87
25 trans-Carveol 1217 0.33 t
28 Geraniol 1254 0.82 -
29 Bornyl acetate 1285 0.56 0.65
30 Cuminalcohol 1287 0.86 t
31 | y-Terpinene-7-ol 1325 0.35 1.27
32 | a-Terpineol acetate 1350 0.36 0.89
33 Isoledene 1373 1.1 -
34 Geranyl acetate 1383 4.40 7.22
35 B-Caryophyllene 1418 5.04 6.47
36 | (Z2)-B-Farnesene 1443 0.63 0.96
37 | a-Humulen 1448 0.43 0.54
38 | (E)-B-Farnesene 1458 0.51 0.79
39 y-Muurolen 1470 1.29 2.16
40 Curcumene 1483 0.79 0.78
41 B-Selinene 1485 4.18 6.66
42 | a-Selinene 1494 1.08 1.93
43 B-Bisabolene 1508 1.11 2.85
44 | B-Sesquiphellandrene 1524 0.86 0.65
45 Aromadendrene epoxide 1565 0.38 0.68
46 Caryophyllene oxide 1584 4.42 7.38
47 Carotol 1594 20.3 30.28
48 Humulene epoxide 1606 t 0.72
49 Daucol 1638 0.97 2.46
50 | Longifollenaldehyde 1678 0.70 1.07
51 Juniper camphor 1691 0.72 -
52 Aristolone 1756 t 1.49
53 Nonadecene 1900 - 0.46
54 Methyl palmitate 1927 - 0.83
55 Palmitic acid 1968 - 2.77
56 Methyl oleate 2128 - 0.61
57 Oleic acid 2132 - 3.17
58 Stearic acid 2137 - 1.60
59 Tricosane 2300 - 0.49
60 | Methyl arachate 2322 - 0.55
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61 Bis (2-ethylhexyl) phtalate 2540 - 0.66
62 Heptacosane 2700 - t
63 Nonacosane 2900 - 0.60
64 Stigmasterole 3332 - t
65 Sitosterole 3408 - t
TOTAL 97.13 94.86

trace, t<0.01

Results of the antimicrobial activity obtained by agar dilution method and broth dilution
method were identical, and they are presented in Table 2. The investigation of carrot seed oil
antimicrobial effects by agar dilution method and broth dilution method served to establish
the antimicrobial effect of this oil on some Gram-positive bacteria in certain investigated
concentrations, as well as on C. albicans ATCC 10231. The investigated essential oil and SFE
extract in applied concentrations failed to show antimicrobial effects on Gram-negative
bacterial strains included in this investigation, as well as on Enterococcus faecalis ATCC
29212 in MIC values less then 1280 pug/ml. These results are in accordance with results of
Staniszewska et al. [3] which showed that essential oil had higher antimicrobial activity
against Gram-positive bacteria and Candida albicans then against Gram-negative bacteria. As
can be seen from Table 2, SFE extract was more effective than the essential oil in the case of
Bacillus cereus ATCC 11778 and Rhodococcus equi CAPM 6312. The grow of Bacillus
subtilis ATCC 6633 BB was more inhibited with carrot seed essential oil than it was inhibited
with SFE extract of carrot seed.

Table 2. The values of minimal inhibitory concentrations of carrot seed oils obtained by agar
dilution method and broth dilution method (average deviation * 4 ng/ml for oil samples and +
0.02 pg/ml for gentamicin)

. SFE Essential oil | Gentamicin
Source Strain extract MIC MIC"
MIC”
Gram-positive bacteria
<
ATCC 6538 P Staphylococcus aureus 640 640 =4
CAPM 6312 Rhodococcus equi 160 320 <4
ATCC 11778 Listeria monocytogenes 640 640 <4
ATCC 6633 BB | Bacillus subtilis 160 80 <4
ATCC 11778 Bacillus cereus 80 640 <4
ATCC 29212 Enterococcus faecalis >1280 >1280 <4
Gram-negative bacteria
ATCC 25922 | Escherichia coli ~1280 ~1280 =4
ATCC 13076 Salmonella enteritidis >1280 >1280 <4
ATCC 27853 Pseudomonas aeruginosa >1280 >1280 <4
Yeast
ATCC 10231 | Candida albicans 640 640 )

"MIC value presents minimally inhibitory concentration [pg/ml]

Conclusions

The highest extraction yield in the SFE of carrot fruits was obtained at 313 K and 10 MPa.
Content of carotol, as well as the content of heavier weight compounds was higher in SFE
extract than in the oil obtailed by hydrodistillation. The essential oil and SFE extract had
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higher antimicrobial activity against Gram-positive bacteria and Candida albicans then
against Gram-negative bacteria. SFE extract was much more effective than the essential oil in
the case of Bacillus cereus ATCC 11778 and Rhodococcus equi CAPM 6312 but the grow of
Bacillus subtilis ATCC 6633 BB was more inhibited with carrot seed essential oil than it was
inhibited with SFE extract of carrot seed.
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GENETICS - AMELIORATION RESEARCHES FOR AROMATIC AND
MEDICINAL PLANTS IN MOLDOVA REPUBLIC

Gonceariuc Maria, Balmus Zinaida

Institute of Genetics Academy of Sciences, 2002 MD Péadurii str., 20, Chishinau, Moldova Republic

The studies carried out in the area of genetics and breeding of aromatic and medicinal plants
in Moldova have resulted in the development and registration of new varieties. The genetic
and breeding researches have been more profound and effective in Sage Clary (Salvia sclarea
L.). The development, evaluation and use of initial valuable breeding material, that includes
inbreeding and male sterile lines, the lines that consolidate male sterility, simple hybrids,
three line hybrids, double line hybrids, back-crosses and step-wise hybrids have allowed the
development of some high-effective hybrids with an enhanced producing capacity. Among
them, there are late-ripening varieties named Victor and Nataly-Clary, a variety with a
medium ripening named Dacia-99. These varieties reach the ripening state gradually and
together with the early-ripening variety Dacia-50, that was registered earlier, form a conveyer
during harvesting, which allows a gradual  harvesting of each variety and ensures a
substantial reduction of raw material and essential oil losses. The varieties Victor and Dacia
represent simple hybrids, while Nataly-Clary is a very complex hybrid, developed through a
step hybridization. All three varieties are suitable for both processing technology of raw
material and production of essential oil through distillation and production technology of
concrete through organic solvent extraction. A different vegetative period, gradual ripening
allows the expansion of the harvesting period up to 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. The producing capacity of new
Salvia sclarea L. varieties in two years of cultivation is 13.1-19.5 t/ha of inflorescence and
35/45 kg/ha of essential oil with a high concentration of litalite acetate (65-75%) and sclareoli
(6-12%), as well as 85-127 kg/ha of concrete with a high content of sclareoli (60-70%). The
efficiency of these varieties grows substantially when, following essential oil distillation, the
wastes are extracted with organic solvents resulting in concrete with a sclareol concentration
of more than 55-60%.

When the plantations are sown with new sage varieties, the seed rate is 5-6 kg/ha of the 1%
class as opposed to other varieties which need a sowing rate of 10-12 kg/ha of seeds. The
plantations of new varieties can be exploited 2-3 years. By the third year of vegetation, their
yielding capacity makes 6-9 t/ha of raw material and 8.4-15.7 kg/ha of essential oil in relation
to the cultivar. These two elements of growing technique reduce the expenditures for laying
and exploiting the plantations and respectively, enchances the crop efficiency.

The studies carried out in the area of genetics and breeding in lavender (Lavandula
angustifolia Mill.) have started with the development of new genotypes through polycross
hybridization using some germ plasma resources from France, Crimea, and Moldova. Three
new varieties of L. angustifolia, named Moldoveanca-4, Alba-7 and Vis magic-10 have been
developed up to now, which are resistant to frost, wintering and drought. The production of
inflorescences and the content of essential oil (4.231-5.229%) are higher in the new varieties
that in the control cultivar Chisinau-90, while the production of essential oil makes 130-200
kg/ha.

The other essential oil species, as well as medicinal one cultivated in Moldova is dill
(Anethum graveolens L.). During 1996-2000, when the markets of essential oils had been
lost by this country and the essential oil crop plantation were annihilated , dill oil was
exported every year/ An early dill variety , named Ambasador, has been developed to
increase the efficiency of cultivation and processing of this species. It is characterised by
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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%.
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. It was
registered in 2005. It 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 8.4 C.M./ha of dry leaves (13% of humidity) or 18 kg/ha of essential oil. In case
of two yields, the producing capacity of the variety is even higher.

Among the medicinal plant species under study, there is milk thistle (Silybum marianum
(L)Gaert). Individual selections and a subsequent hybridization have afforded an early-
ripening variety named Argintiu and registered in Moldova in 2004. The variety 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
the Argintiu variety is 890-1000 kg/ha under conditions of cultivation using no fertilizers.
Germ plasma resources of different genetic and geographic origin have been used to develop
genotypes with new characteristics and properties in merry golds (Calendula officinalius L.)
A complex hybridization has produced many varieties, two of them — Natali and Diana with
large inflorescences, with a producing capacity of more than 10 M.C./ha. The varieties are
distinguished by the tubular flower colour. Thus, the tubular as well as ligulate flowers are
orange in the Natali variety, while the tubular flowers are brown and the ligulate flowers are
orange in the Diana variety. The concentration of the active matter in the new Calendula
officinalis L. cultivars 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
flavone concentration in the Natali variety is 0.873%, being higher in the Diana variety which
contains 0.624%, while the content of polyphenols is relatively lower (0.988%) than in the
Diana variety in which the polyphenol concentration is 1.038%.

Conclusions

- 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
varieties.

- The new varieties of Salvia sclarea L. that are early-, medium- and late-ripening allows
the production of 13-19 t/ha of raw material and 32-41 kg/ha of essential oil or 85-126
kg/ha of concrete. The new elements of the growing technique of the new varieties reduce
the cost of the production substantially.

- New varieties of Lavandula angustifoliia Mill, named Moldoveanca/-4, Alba-7 and Vis
Magic-10 have been developed. Their producing capacity is 130-200 kg/ha ofessential oil
in relation to the variety.

- The works carried out on breeding of Anethum graveolens L. have resulted in the
development of the variety named Ambasador 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%.

- A new variety named Maricaol has been developed in Salvia officinalis L. which
contributes to a producing capacity of 8.9 M.C/ha of essential oil at a single harvesting.

- In Silybum marianum L. the researches conducted have provided for a new variety named
Argintiu, which is early ripening with a producing capacity of approximately 900 kg/ha of
fruits.
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Individual hybridizations and selections have resulted in the development of two new
varieties of Calendula officinalis L. — Natali and Diana. They ensure a production of more
than 10 M.C./ha of dry inflorescences with flavone content of 0.624-0.873% and
polyphenols of 0.988-1.038%. At plantation sowing, the seed rate is by 50% lower for the
new varieties.
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MICROMORPHOLOGICAL ANALYSES OF LAMIUM ALBUM L. TRIHOMES
Grujic-Jovanovic M. Slavica,' Marin D. Petar,' Ristic Mihailo,2 Petrovic D. Slobodan®

'Faculty of Biology, Studentski trg 16, 11000 Belgrade, “Institute for Medicinal Plant Research "Dr Josif
Pancic", Tadeusa Koscuska 3, 11000 Belgrade, *Faculty of Technology, Karnegijeva 11, 11000 Belgrade, Serbia
and Montenegro

Summary

Micromorphology and distribution of trichomes on stem, leaves and calyx of Lamium album L. were investigated
using scanning electron microscopy. On the stems, leaf and calyx two types of trichomes were found:
nonglandular uniseriate elongated trichomes and glandular peltate trichomes with 4-celled heads.

Keywords: Lamium album, Lamiaceae, glandular trichomes
Introduction

The trichomes of the species which belong to the subfamily Lamioideae were rarely
examined. One of the representatives from the subfamily is Lamium. According to available
literature data, the trichomes of the L. album have not been yet examined.

As a part of the micromorphological, anatomical and chemical research of the Lamium
species, in this paper the results of the structure of glandular and non glandular trichomes are
reported.

Lamium album L. (Lamiaceae) is a perennial herb widely distributed in Europe (Ball, 1972).
It is used in folk medicine as blood tonic, antispasmodic and antiinflamatory agent. This
species contains iridoids, flavonoids, phenolic acids, tanins, saponins and triterepenes as
secondary compounds. The tanins in Lamium are responsable for its tranquillising, mildly
astringent and haemostatic action, while saponins are responsable for a mild expectorant
action. It may be used for sore throats and inflamed gums, as a compress for wounds,
haemorrhoids, eczema and burns. It is useful remedy in menorhhagia and intestinal bleeding.
It is also used in the treatment of abnormal vaginal discharge (Bartram, 1995; Chevallier,
1996; Weiss, 1991).

Material and methods

Aerial parts of the analyzed plants were collected at the flowering stage in July 2004 in
Botanical Garden "Jevremovac" in Belgrade. A voucher specimen has been deposited in the
Herbarium of the Institute of Botany and Botanical Garden "Jevremovac", Faculty of Biology,
University of Belgrade, Serbia and Montenegro.

Scanning electron microscopy (SEM)

Small segments of stem, leaves and calyx were coated with a thin layer of gold (ion sputtering
coating) in BALTEC-SCD 005 Sputtering Device. Observations were carried out on a JEOL
JSM 6460 LV scanning electron microscope at 20 kV.

Results and discussion
On the stems two types of trichomes were found: nonglandular uniseriate elongated trichomes

and glandular peltate trichomes with 4-celled heads. Abaxial and adaxial leaf surfaces were
sparsely covered with nonglandular uniseriate elongated trichomes. Glandular peltate
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trichomes with 4-celled heads were found on adaxial leaf surface (Table 1). Calyx was
densely covered with numerous simple nonglandular uniseriate elongated trichomes among
which the peltate glandular trichomes were distributed (Table 2).

188 ren

C. abaxial leaf surface

S80 mm 188 mm

E. adaxial leaf suraface F. adaxial leaf surface

Table 1. SEM micrographs of stem and both leaf surfaces of Lamium album.
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Table 2. SEM micrographs of calyx of Lamium album.

The trichomes are widely distributed over the aerial parts in many plant families (Fahn, 2000).
Their structure can vary widely among species (Werker, 2000). In the Lamiaceae family there
are two main types of glandular trichomes: peltate and capitate (Fahn, 2000). Numerous
studies of the trichomes in the Lamiaceae family have been carried out, from morphological,
ultrastructural, histochemical and chemical point of view (Werker, 2000 and references cited
therein; Hallahan, 2000; Spring, 2000; Fahn, 2000). Many Lamiaceae species have been
investigated because of their high content of essential oils, which are widely used in
pharmaceutical preparation, perfumery and cosmetics. L. album is essential oil poor species.
Glandular peltate trichomes covered all vegetative organs but calyx is densely covered with
them. The small amount of essential oil produced by glandular trichomes on calyx and leaf
surface may act as a protection of the inner flower parts and leaf of L. album against
herbivores and pathogens.
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Conclusion

Since the floral parts are used for medicine purposes as tinctures, the further analysis of calyx
glandular trichomes chistochemistry, as well as essential oil compounds, could provide more
data for medicinal usefulness.
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CULTIVATION OF MEDICINAL, AROMATIC AND SPICY PLANTS
IN SLOVAKIA AFTER JOIN THE EUROPEAN UNION
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Summary

European Union represents the biggest unique market with medicinal, aromatic and spicy plants (MASP) in the
world. It was about 120,000 tons (e.g. 200 million USD) of this plant material during the years 1991-2004.
Paper is orientated on the current status and situation in the field of MASP grown and produced in Slovakia.
Growing areas of these plants were the lowest in 1999 (467.44 ha) and the highest in 2003 (851.85 ha). Global
production varied between 222.2 (2000) and 1380.2 tons (2004). Average yields ranged from 0.32 (2000) to
2.60 t.ha™ (2004). Acute problem is to increase and stabilize the production and to obtain stronger position on
global herbal market. The objectives of future medicinal plant strategy are: (1) To ensure the quality of MASP
material used as the source for herbal medicine to improve the quality, safety and efficacy of finished herbal
products;, (2) To improve national and/or regional good agricultural practice, processing guidelines,
publications about MASP and related standards for operating procedures; (3) To encourage and support the
sustainable cultivation and collection of good quality MASP, in ways that respect and support the conservation
of the environment. As an alternative for MASP producers can be the organic production of MASP. Demand for
organic products is still increasing in EU as well as the consumption of natural substances.

Keywords: cultivation, medicinal, aromatic, spicy plants, production
Introduction

Cultivation of medicinal, aromatic and spicy plants (MASP) has recorded long tradition in the
agri-ecological conditions of Europe. It was originated in Mediterranean, where many MASP
species were produced in the past. From the point of view biodiversity, there are
approximately 130 — 150 MASP species cultivated in Europe and 150 — 170 MASP species
are collecting from their natural resources nowadays. As the most cultivated MASP in Europe
are: Carum carvi L., Coriandrum sativum L., Foeniculum vulgare Mill., Silybum marianum
(L.) Gaertn., Pimpinella anisum L., Artemisia absinthium L., Matricaria recutita L.,
Hypericum perforatum L., Mentha piperita L., Melissa officinalis L., and Lavandula
angustifolia Mill.
Producers in most Central European countries are in close contact with processors, which
determine requirements for type and amount of demanded MASP raw material. Different
types of private or state producers cultivate the MASP species in Slovakia:
- Specialized farms for MASP cultivation;
- Farms produce MASP supplementary;
- Agricultural companies with their own processing of MASP products or semi-products
- Industrial processing organizations — pharmaceutical, food or cosmetics, including
global companies. They secure the required amount of raw material by contracts with
individual producers;
- Research, educational organizations or botanical gardens;
- Gardens on small areas (less than 400 m?).
The importance of MASP is varied. It is orientated to different using of processed plants, their
parts or utilizing of active ingredients in these areas:
- Human and veterinary medicine, pharmaceutical and cosmetics industry use the
medicinal plants as a raw material;
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- Food industry (e.g. brewery), tobacco industry, cosmetics industry use aromatic plants
as a raw material;

- Food industry (producing of foods, canning industry, alcohol production) as well as
homes are using of spicy plants.

Materials and methods

Documentation materials were used from (1) statistical data obtained from official statistic
reports of Statistical Office of the Slovak Republic during the years 1997 — 2005 and (2)
results of Farm Structure Census, which was done in 2000 — 2002. Source material was
analyzed by methods of selection, comparison and synthesis. Evaluated results during the
analysis of relevant data founded by a study of foreign and domestic literature resources were
orientated to the target group: medicinal, aromatic and spicy plants (MASP) cultivated on
agricultural or arable land in Slovak Republic. At the same time, method of comparison was
used to compare status of MASP cultivation and production during the pre-accession period
with a period after Slovak Republic joins the European Union in 2004.

The survey and research was done in the framework of projects, which have been funded by
GA SPU 705/02180 and by VEGA 1/1343/04.

Results and discussion

Current status of MASP cultivation in Europe

European Union represents one of the biggest unique markets with medicinal, aromatic and
spicy plants (MASP) in the world. It imports about 120,000 tons with the value of
200 millions US$ in average during 1991 — 2004 (UN Comtrade, 2004). This market
exchanges increase every year between 5 — 10 % (Lange, 1998). The most important importer
within European MASP market is Germany with more than 45,000 t.year" (e.g. 38 % of
global European import). It is followed by France with 17 % and Italy with 9 % of global
import (Commonwealth Secretariat, 2001). Germany is also the biggest (re-) exporter of
MASP within EU (Tables 1 and 2). It exports circa 15,000 t.year" to the other EU countries
and to the USA. The next big exporters are: France, Poland, Hungary, and Czech Republic
etc. The most important non-European suppliers of MASP to the EU countries from the point
of view value of global import of these commodities are: USA (15.80 %), India (8.00 %),
China (7.45 %), Bulgaria (6.44 %) and Egypt (5.47 %).

Table 1. The cultivation acreage of medicinal, aromatic and spicy plants (MASP) in selected
European countries in 2003 (UN COMTRADE, 2004)

Country Acreage [ha] Country Acreage [ha]
Belgium 100 Poland 30,000
France 25,000 Austria 4,300
Netherlands 2,500 Slovakia 1,500
Ireland 50 Slovenia 100
Hungary 37,500 Switzerland 150
Germany 12,000 Great Britain 4,000

Current status of MASP cultivation in Slovak Republic

Cultivation of MASP as a part of special plant production is a main activity to obtain required
amount and quality of domestic MASP species when the protection of natural resources is
increasing. Because of multi-year results of research and their application in agricultural
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practice, the technology of MASP cultivation of 30 species is described in details. About 50%
of these species belongs to produce of high capacity drugs.

Table 2. Market with MASP in selected EU countries in 2003 (UN COMTRADE, 2004)

Counry | Brport | mpor | T importvalu
[t] [$]
Slovakia 603.2 347.8 -255.4 1,206,720 971,495
Germany 16,729.9 | 45,700.5 | 28,970.7 | 73,449,000 | 100,720,000
France 8,150.0 |18,234.3 |10,084.3 | 52,500,880 48,902,956
Belgium 1,935.4 4,795.5 2,860.1 | 19,888,968 23,879,468
Poland 14,469.9 4,755.2 | -9,714.7 | 27,935,000 8,069,000
Czech Republic 767.2 2,835.7 2,068.5 2,487,306 7,202,909
Hungary 3,012.9 983.1 -2,029.7 6,845,000 3,060,000
Austria 1,625.7 2,160.9 535.2 4,975,798 7,590,191
Italy 2,216.8 | 11,509.1 9,292.2 110,530,507 38,672,596
Latvia 5.5 180.7 -255.4 41,207 714,030

Ministry of Agriculture of Slovak Republic in cooperation with Research Institute of Agri-
ecology in Michalovce published “Development program of production and processing of
medicinal, aromatic and spicy plants in Slovak Republic” (Salamon, 2000). Prognosis of
MASP acreage (Table 3), improvement of technology in production and processing of MASP
as well as analysis of MASP industry in Slovakia are given in the document.

Table 3. Prognosis of MASP cultivation area as enlarging in Slovak Republic
(Salamon, 2000)

Years Unit | 1970-1980 | 1980-1990 | 1990-2000 | 2000-2010 | 2010-2020
Cultivation acreage ha 150 350 370 1,500 2,500
Production t 165 385 410 1,650 3,000

Table 4. Development of harvested acreage and production of cultivated medicinal plants in
Slovak Republic (1997-2005)

Year Harvested acreage Total yield Yiel_(ll

[ha] [t] [t.ha ]
1997 527.37 328.9 0.62
1998 540.55 439.9 0.81
1999 467.44 475.2 1.02
2000 696.56 222.2 0.32
2001 623.98 873.1 1.40
2002 601.65 989.9 1.65
2003 851.85 821.4 0.96
2004 531.07 1380.2 2.60
2005 *709.71

* Harvested acreage in 20™ May 2005.

Development of cultivation acreages of MASP has oscillated in the last decades. The MASP
were cultivated in the 1989 at the area of 408.3 ha, in 2000 it was 783.6 ha and in 2004:
540.4 ha. Cultivation of MASP in Slovak Republic according to Statistical institute of
Slovakia during 1997 — 2005 is presented in Table 4.
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The harvested acreages of aromatic plants are presented in Table 5.

Table 5. Development of harvested acreage and production of aromatic plants in
Slovak Republic (1997-2005)

Year Harvested acreage Total yield Yiel(li
[ha] [t] [t.ha ]
Humulus lupulus L.
1997 816.41 742.1 0.91
1998 151.29 261.4 1.73
1999 238.30 233.6 0.98
2000 273.39 95.7 0.35
2001 246.16 188.1 0.76
2002 317.60 297.6 0.94
2003 318.41 323.2 1.02
2004 307.82 363.8 1.18
2005 *310.66
Nicotiana tabacum L.

1997 649.16 994.1 1.53
1998 958.87 1487.4 1.55
1999 834.89 1288.6 1.54
2000 1133.57 1870.4 1.65
2001 1245.27 1986.9 1.60
2002 1099.83 2020.1 1.84
2003 1079.55 1932.1 1.79
2004 934.51 1298.2 1.39
2005 *057.33

* Harvested acreage in 20™ May 2005.

As the most cultivated spicy plant was red pepper (Capsicum annuum L.) despite the fact, that
acreage decreased from 2,289 ha (1975) to 254 ha (2003). Global acreage of red pepper was
the lowest in 2003: 254 ha with yield of pepper fruits about 228.1 t. The largest harvested area
was 718 ha (1998) with yield of 1,024 t (Table 6).

Table 6. Development of red pepper (Capsicum annuum L.) acreage and its production in
Slovak Republic (1997-2005).

Year Harvested acreage Total yield Yiel_(ll

[ha] [t] [t.ha ]
1997 551.67 666.3 1.21
1998 718.12 1024.2 1.43
1999 560.34 827.0 1.48
2000 536.28 540.2 1.01
2001 333.06 482.1 1.45
2002 272.52 377.8 1.39
2003 254.00 228.1 0.90
2004 460.32 450.2 0.98
2005 *463.38

* Harvested acreage in 20™ May 2005.
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Caraway (Carum carvi L.) is the second most produced spicy plant in Slovak Republic.
Statistical data are documented from 1998 (Table 7).

Table 7. Development of harvested acreage of Caraway (Carum carvi L.) and its production
in Slovak Republic (1997-2005)

Year Harvested acreage Total yield Yielcll

[ha] [t] [tha ']
1997 - - -
1998 90.26 49.1 0.54
1999 80.03 19.3 0.24
2000 51.00 14.5 0.28
2001 117.00 75.5 0.65
2002 258.28 216.3 0.84
2003 174.31 37.9 0.22
2004 249.78 54.6 0.22
2005 *166.82

* Harvested acreage in 20™ May 2005.

Main aspects that determined cultivation of MASP in Slovak republic are:

- Market demand — production depends on requirements of processors;

- Supplier — consumer contracts;

- Prices of production;

- Development of processing subjects;

- Competition;

- Availability of traditionally required or introduction of non-traditional plant species;

- Macro-economic processing conditions — support possibilities of business activities (EU
funds, state subsidies, tax benefits etc.).

Balance of foreign trade with MASP and their products obtained always-negative values

(Table 8) because of higher import of these commodities. Slovakia imported about 5,048.5 t

of MASP raw material or products. In comparison to the year 1997 (1,308.4 t) import was

increased almost four times. This fact confirms higher consuming of these commodities in the

country.

Main MASP supplier countries to Slovak Republic are: Czech Republic, Bulgaria, Poland,

Croatia, Romania, and Ukraine. Export in 2004 was about 211.9 t and in comparison to 2003

(603.2 t) significantly decreased. Export of domestic MASP products is orientated mainly to

EU market: Czech Republic, Poland, Italy, Germany, Hungary, and Australia as well. Very

important factor when to export these commodities is optimizing of delivery-supply

relationships with the aim of purchase guarantee.

Conclusion

Cultivation of medicinal, aromatic and spicy plants (MASP) in Slovak Republic after the EU
accession knots at the pre-accession period. Situation in agricultural subjects is dramatically
developing. Reserves in supporting of MASP producers are necessary to solve systematically
through Ministry of Agriculture. Stabile realization of production with optimum qualitative
parameters and existence of products with competition ability, strengthens the position at the
domestic market and creates the better position to success at the European trade. One of the
alternatives for MASP producers could be production of these commodities in organic
(ecological) farming systems. Realization of organically certified products as well as the
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consuming of natural products has recorded increasing demand in the EU trade during the last
years.

Table 8. Balance of foreign trade with MASP in Slovak Republic (UN Comtrade, 2004).

Year Export Import Balance (I - E) | Export value | Import value
[t] [t] [t] [$] [$]
1994 507.3 3,030.1 -2,522.8 1,629,466 1,772,966
1995 560.3 2,859.1 -2,298.8 1,624,248 2,104,958
1996 675.2 3,235.1 -2,559.9 1,601,461 1,780,203
1997 429.8 1,308.4 - 878.6 1,015,778 890,356
1998 478.3 1,980.7 - 1,502.4 1,055,366 1,126,275
1999 536.0 5,092.6 -4,556.6 1,052,977 2,071,783
2000 456.1 4,657.7 -4,201.6 720,065 1,718,252
2001 538.7 4,334.1 -3,795.4 835,739 1,636,996
2002 293.6 4,697.2 -4,403.5 614,437 2,092,672
2003 603.2 5,389.5 -2,522.8 1,206,720 2,994,152
2004 211.9 5,048.4 -4,836.6 423,710 3,732,313
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CONSIDERATIONS ON THE HISTO-ANATOMICAL STUDY OF THE LEAVES OF
CYNARA SCOLYMUS L. TREATED WITH METHYLTHIOPHANATE (TOPSIN M)

Hutanu-Bashtawi I. Luminita, Toma Constantin

"Al 1. Cuza" Univ., lasi, Faculty of Biology, Carol I Bvd, No.20 A, 700505, Iasi, Romania

Summary

The purpose of this study was to investigate the histo-anatomical modifications of the leaves of Cynara scolymus
L treated with thiophanate-methyl, compared with the untreated sample. There were three applications and two
variants of treatment: 0.1 %, Topsin M70, a concentration used in agriculture and 0.4 % Topsin M70, for
observing whether the limits of concentration between the modifications induced by thiophanate-methyl remain
acceptable for the plant. Cross sections through the petiole and limb (the officinal product Cynarae folium),
made at different levels were used, together with superficial sections for the upper and lower epidermis. The
modifications observed were rather quantitative than qualitative, the general picture showing that the
development of leaves was obviously stimulated.

For the treated plants, the comparative study revealed the following aspects: the thickness of petiole increased,
the hypodermic walls of collenchymas are more developed, more specialized conducting bundles appear, with a
larger diameter of the xylem vessels, cambium layer’s activity is more intensive; the form and dimensions of the
median nervure are modified, the mesophyll tends to thicken, the pallisade parenchyma being much more
developed; the glandular and nonglandular trichomes are more numerous per unit area of leaf surface, the
epidemic cells are many but more smaller and stomata more numerous per unit area, with guarding cells of
smaller dimensions.

Keywords: Cynara scolymus L, thiophanat-methyl, histo-anatomical modifications, leaf structure.

The therapeutically importance of the artichoke being unanimously recognized (Stinescu
Ursula, 2004) its introduction in intensive cultures require, in some cases, the application of
certain phito-sanitary treatments (Mititiuc, 2000; Verze Maria, 2003), once known that the
newly-created microclimate favourizes mass development of pathogenic agents such as:
Septoria scolymii Pass., Ascochyta cynarae Maffei., Ramularia cynarae Sacc.(Savulescu
Alice, 1967), Bremia lactucae Regel.(Corda, Franceschini, Fiori, 1983). Thiophanate-methyl
has quite a large action spectrum (on the Septoria, Ramularia, Bremia, Sclerotinia species
included), the literature of the field providing several data on the successful application of
such a fungicide, as well as of its main metabolite-carbendazime (Marras et all, 1983)

As most of the researches devoted to methyl-thiophanate have been mainly directed towards
metabolism, toxicity or estimation of the maximum residual potential in the vegetal material
(Marras si colab., 1983), and considering the fact that, generally, pesticides induce morpho-
anatomical modifications in the treated plants (Georgescu, Sanda, 1964; Nitd Mihaela,. 2003;
Aprotosoaie Clara, 2002 ), the present paper analyzes the possible histo-anatomical
modifications that the fungicide and/or its metabolite might induce at the level of the
vegetative organs — at the level of the leaf, especially (the Cynarae folium pharmaceutical
product) — versus the untreated control sample, the structure of which has been described in
several papers of vegetal anatomy (Solereder, 1899; Racz, Péter, Sebe, 1967; Récz, Péter,
1968; Metcalfe, Chalk, 1972; Napp-Zinn, 1974 Rugina, Toma, 1989 ; Toma, Rugina 1998).

Materials and methods
The material taken into study has been cultivated in the ,,Anastasie Fatu” Botanical Gardens
of lasi in parallels whit the treated plants (Topsin in 0.1% concentration — as used in

agriculture, and 0.4 % concentrated Topsin, respectively, which is the value recommended for
other fungicides, similar to methyl thiophanate), a batch of untreated plants — the control — has
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been also involved. Fungicide’s administration as a wettable powder, in doses of 1000 I/ha,
was performed three times (at intervals of 7 and 10 days), in the moment in which the foliary
system of the artichoke was already well developed, the basal rosette having 5-6 nomophyls.
For the obtention of cross-sections, at different levels, through the leaf (petiole, limb), as well
as of superficial sections, the vegetal material harvested twice, at 7 days after the second and,
respectively, third treatment (July 23 and August 3) has been fixed and conserved in 70%
ethanol, after which it has been processed according to the methods currently employed.

Results and discussion

The petiole (fig. 1-2). In the control sample (M), the contour of the cross-section (medium
level) is V-shaped, with highly divergent and increasingly thinner arms. The abaxial side
evidences 5-7 obtuse ribs, while the adaxial one — a large and deep ditch. The epidermis
evidences iso-diametric cells, rare stomata, prominent on the inferior part, where the glandular
and nonglandular trichomes (long, with a thin and flexuose terminal cell) are much more
numerous; the short nonglandular trichomes, with an extremely wide basal cell, are very rare.
In the abaxial ribs (8-9 layers) and at the end of the arms, a thick belt of angular cholenchyma
may be noticed while, between the ribs, the hypodermis is of the chlorenchymatic type. In the
fundamental, homogenous parenchyma, there appear numerous conducting bundles (22-24),
the big alternating with the small ones, all of them arranged as a double, large-open arch.

™ 0.1%
Fig. 1. Diagrams of cross-sections through the petiole, medium level, August 3; - 1 epidermis;
2- chlorenchyma; 3- cholenchyma; 4- xylem; 5- liber; 6- fundamental parenchyma.

T™ 0.1% T™ 0.4%
Fig. 2. Cross-sections, petiole, medium level, conducting bundle (Oc. 10x Ob.10), August 3.

With the exception of the very small ones, each conducting bundle shows, at both poles, a
thick girdle of mechanical elements, with moderately-thick, yet non-lignified walls,
resembling a transitive cholenchyma. At the xylemic pole of the large bundles, in the
mechanical tissue, two very small conducting bundles of closed collateral type may be
noticed; in the other bundles, of open collateral type, the tracheogenesis process is not
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completed yet. Each conducting bundle is surrounded by a parenchymatic pod at the level of
which, in the xylemic part, 5 secreting channels are visible.

Following treatments with 0.1% and 0,4 % Topsin M70, the petiole's thickness increases
considerably, the cholenchyma girdles show several (12-13) layers, and the degree of the
cellular walls’ thickening increases, too. At the level of the epidermis, the stomata are highly
prominent on the inferior side, while the glandular and nonglandular trichomes are more
numerous on the surface unit.

The conducting fascicles, much larger in size, are more numerous (46-48); generally after
treatments, the number of small conducting bundles increases; cholenchymatization is much
more intensive at the bundles’ poles, the mechanical tissue being here a typical angular
cholenchyma; the xylem vessels are larger and more numerous, with thicker and more
intensely lignified walls; the cambial activity is stimulated (3-4 layers), several xylem vessels
being still immature. In the perifascicular pod, secretory ducts (1-2) do appear and, in front of
the liber, their number (7 on the whole) is higher after the 0,1% TM treatment.

Table 1. Variation - under treatment with 0.1% and 0.4 % Topsin M - of some numerical
indices in the petiole (medium level) of the Cymara scolymus leaves taken over on August, 3

Thickness No. of No. of Diameter of the
Variant (um) cholenchyma | conducting xylem vessels
layers bundles (um)

Cy.sc. M 4100-4300 8-9 34-37 (30) 50-60
7300-7500 (x2)

Cy.sc. TM 4500-5300 12-13 35-40 (42) (50) 70-90
0,1 % 7600-7800 (x2)

Cy.sc. TM 4700-5500 10-11 46-48 (50)70- 90
0,4 % 7800-8000 (x2)

The limb (fig. 3-7). In the control sample (M), the median nervure is prominent on the
inferior side, where the long and fine nonglandular trichomes, as well as the glandular ones,
whit the cells of the secretory gland in tiers, submerged towards the basis of the hair, are more
numerous on the unit of surface. In the abaxial ribs (3), girdles of angular cholenchyma with
3-4 layers may be observed while, at the adaxial side a cholenchyma ridge appears. The
median nervure shows 1-2 aeriferous cavities and 5-6 conducting bundles, all of them
evidencing a mechanical tissue at both poles. The limb as such shows an epidermis with small
cells, slightly elongated tangentially on the inferior part and larger ones, visibly elongated
tangentially, on the superior part. The hairs are much more numerous in the inferior epidermis
(the secretory ones occurring in excavations through the epidermis); equally numerous are the
stomata, although they are present on both sides of the limb (aphistomatically). The
mesophyll (5-6 layers) is differentiated into untypical, bi-layered pallisade parenchyma on the
superior part and pluri-stratified spongy parenchyma on the inferior one (heterofacial bifacial
limb). The pallisade parenchyma with relatively law cells (only two times higher then large),
with straight or slightly curled lateral walls, represents about 45-50% of the mesophyll’s
thickness (fig. 5).

Section | 128



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

T™ 0.1% T™ 0.4%
Fig. 3. Diagrams of cross-sections, limb, medium level, Aug. 3;-1 epidermis; 2chlorenchyma;
3- cholenchyma; 4- xylem; 5- liber; 6- fundamental parenchyma; 7- aeriferous gap.

As a result of treatments (0.1%, 0.4 % TM), the nervures become much thicker, especially
in the anterior-posterior plane, the auriferous cavity is absent, while the more compact
fundamental parenchyma includes several conducting bundles (7-8) 5 abaxial ribes are
visible, each having 5-6 layers of cells with a higher cholenchymatization degree. The limb is
thicker, which occurs especially at the expense of the pallisade parenchyma (cells’ growing in
length being stimulated), which is three-layered, representing 65-70% (in 0.1% TM
treatments) and, respectively, 75-80% (in 0.4% TM treatments) of the mesophyll’s thickness.
At the level of the superior epidermis, the walls are slightly thicker, the glandular and
nonglandular trichomes are more numerous per unit of surface, the bi-seriated secretory ones
prevailing between the secondary nervures and towards the margin of the limb; also here,
short nonglandular trichomes, with a much larger basis and thickened walls are visible, as
well, in the upper epidermis.

T™ 0.1%  TM04%

Fig. 4. Cross-sections through the limb, medium level, cholenchyma, foto: (Oc. 10x Ob. 20),
August, 3.

M ™ 0.1% ™ 0.4
Fig. 5. Cross-sections through the limb, medium level, mesophyll foto: (Oc.10x Ob. 20),
August, 3.
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Table 2. Variation under treatment with 0.1% and 0.4 % Topsin M of some numerical indices
in the limb (median nervure, medium level) of the Cymara scolymus leaves taken over on

August, 3
Diameter .
of the No. of No. of Il\zllo.e?: Thickness Tlgglglleess
Variant median cholenchyma | conducting Y of the .
of the | . pallisade
nervure layers bundles T limb (pum)
imb (um)
(um)
Cy.sc. M | 2100/2500 3-4 5-6 (7) 6-7 250-270 130-140
Cy(') SIC'O/IM 2400/3900 6-7 6-8 7.8 | 290-300 | 180-200
Cy(')séf;)/fM 3200/5100 5.6 7.9 89 | 290-320 | 210-240

TM 0.1% TM 0.4%

Fig. 6. Cross-sections through the limb, medium level, stomata, foto: (Oc.10x Ob. 40),
Julay, 23.

el |
Fig. 7. Cynara scolymus: nonglandular trichomes, (a, b, ¢) and glandular trichomes:
uniseriated- d, biseriated- e

Superficial section epidermis (fig. 8, 9). In the control sample, the superior epidermis
evidences polygonal cells with straight lateral walls; amonocytic-type stomata; pluricellular
nonglandular trichomes of various thickness, with a very long flexuose, terminal cell, some of
them being shorter, pluricellular, uniseriated, with the basal cell evidencing thickened walls;
the uni- or biseriated secretory trichomes are very rare. The inferior epidermis shows
irregularly-shaped cells, with winding lateral walls; the stomata are more numerous on the
surface unit; the nonglandular trichomes (of both categories) are numerous and only very
rarely biseriated. The number of cells per unit of surface is more reduced in the superior
epidermis than in the inferior one.

The treatments (0.1%, 0.4 % TM) result in more numerous epidermic cells on the unit of
surface, being therefore smaller; the number of stomata increases significantly, in parallels
with a reduction in the size of the annex cells. The glandular and nonglandular trichomes are
more numerous on the surface unit.
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™ 0.1% ™ 0.4%
Fig.9. Superficial sections of the limb (inferior epidermis) medium level, August, 3.

Table 3. Numerical data on the epidermis of the Cymara scolymus taken over on
August, 3(per unit of 10x40 microscopic field)

Superior epidermis Inferior epidermis
Sample No. of cells No. of No. of cells No. of
stomata stomata
Cy.sc. M 35 4 115 26
Cy.sc. TM 0,1 % 38 5 120 29
Cy.sc. TM 0,4 % 52 7 126 32

Conclusions

The histo-anatomical modifications induced by the treatment with Topsin M are most
frequently of quantitative type, the plants free from the negative effects of the pathogenic
agents having still to face another stressing factor, namely the anti-fungi treatment, especially
in concentrations of 0.4%, applied for establishing the concentration limits between which the
modifications induced by the fungicide remain acceptable for the plant.

The general picture of the response reactions should differentiate, in a clear-cat manner,
between the objective of a higher production, as a result of more reduced losses, and the one
related to the direct influence of the substance upon the plant, when some parts of the phyto-
sanitary product may have a stimulating effect, as actually asserted by the literature of the
field (Baicu 1972).

For the treated plants, the comparative study put into evidence the following aspects: petiole’s
thickness increases, cholenchymatization is more pronounced, more numerous conducting
bundles, with larger xylem vessels, do appear, cambial activity is more intense; the median
nervure modifies its shape and sizes, the mesophyll gets thicker, while the pallisade
parenchyma is better developed; the glandular and nonglandular trichomes are more
numerous on the unit of surface; the epidermic cells are numerous and smaller, while the
stomata are more numerous on the unit of surface, the latter ones having annex cells of lower
size.
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EPCA TOWARDS VALUE ADDING OF MAP’s IN ALBANIA

Hysenaj Xhevit

Essence Producers and Cultivators Association (EPCA) — Rr. “Adem Seit Kruja™, Nr. 38, Tirana,
Albania

Keywords: Albania, MAP’s, EPCA, Essential oils, Cultivation.

Aromatic and Medicinal Plants still continue to be a significant component of the Albania' s
overall agricultural exports. Blessed by mother nature, Albania represents a very diverse
MAP's basin, most of which are basicaly harvested, processed and exported as bulk. There
has also been some product’s diversification activity going on in the country during the last
12- 13 years which primarily consisted in the essentia oils extraction. The essential oils too
were exported yet to asmaller amount as compared to the dried items.

Production of essential oils is estimated to be somewhat between 15-20 tons a year which
represent a wide range of products such as Sage Oil, Thyme, Lavender, Juniper, Myrtle,
Savory, Laurdl, etc. It isworth noting that oils characteristics largely depend on the growing
and harvesting areas of the raw material. Still, the Albanian essential oils are highly preferred
due to their properties. Steam distillation is the major production practice employed in oils
extraction.

There have been efforts undertaken recently by EPCA members towards value adding of the
essential oils through organic certification. For the first time Albania (EPCA members)
successfully exported Organic Essential Oils; this not only increased the range of MAP
products from Albania but also enabled to capture more dollar value as premium directly
originating from the Organic Certification. In the general view Albania has previously
exported organically certified herb and spice products which fall in the category of dried and
freshitems.

Albanian conventiona and recently organic essential oils are marketed mainly to the EU
countries. Nevertheless, few major industry players are recently making efforts trying direct
export of these items to other international markets outside EU. EPCA members have
conducted a number of visitsin the USA and England in order to get acquainted with markets
specifications and standards and explore new partnership opportunities.

Albanian essential oils producers are also endeavoring to upgrade existing oils production
technology and increase production capacities.

However, generaly speaking, Albanian herb and spice businesses are faced with too many

obstacles which originate from the local business environment/infrastructure as well as the
outside buyers' pressure. The latter, keeping sufficient stocks in the warehouse do not sing
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contractual agreements with Albanian producers until the beginning of the next production
season, which on the other hand forces the Albanian producers to sell very cheap as they
want to get rid off old production prior to the new production season. Another critical aspect
that is becoming a serious risk to many significant and correct Albanian essential

oils producersis that some whole sale buyers form Europe have started to buy from Albanian
sporadic and amateur oils producers, who sell cheap/under cost hoping to capture any market
segment; which hasled to unfair competition within the country.

In these circumstances the Essence Producers and Cultivators Association (EPCA) was
founded to better serves the needs of its membership thus assisting this industry move ahead
and overcome the challenges. EPCA intends to promote new partnerships on fair trade basis.
In addition, EPCA is looking at low cost production aternatives not through illega
production and export practices but through extraction technology upgrade, proper harvesting
timing of high quality raw material, thus abandoning inappropriate practices of employing
very law quality raw material.

EPCA has about 70 regular fee paid members from al over the country including 12
significant industry players.

Along with the progress of this industry, EPCA recognizes that conservation of natura
resources is amust as that is the only way for the industry to grow and develop and continue
to be a significant income source for thousands of rural families.

EPCA considers fundamental sustainable use of aromatic and medicinal plants in order for
the industry to have a sound present and future and equally important to save Mother Nature
from overexploitation of these resources. Therefore, EPCA has targeted this issue as one of
its magjor goals which summarized are as follows:

a) preservation of biodiversity,

b) quality improvement, and

C) increased incomes.

EPCA is aso working on the identification of value adding alternatives besides actual
essential oils production which in other terms represents further processing of harvested wild
MAP's. Driven by these incentives and also knowing the recent developments of this
industry in the region and other countries, EPCA members are exploring recently
opportunities for small scale cultivation of these plants. As a result, few EPCA members
have initiated cultivation of several herb and spicesin different location from North to South.
The most important items that are experimented for cultivation are Sage, Thyme, Oregano,
Lemon balm and Rosemary.

It is worth noting here that areas under cultivation areas are till small and wild production
leads countries’ overall exports and is likely to do so in the long run as wild crafts comprise a
significant competitive advantage for Albania.

EPCA is however promoting cultivation only if such activities are commercially viable and
make sense for the selected items. Equally important to value adding, EPCA looks at the
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cultivation activities as an important means particularly for the preservation of endangered
Species.

Albania, just like many other countries, is faced with the erosion of the “natural gene banks’
of some important plant species. And environmental damages repair takes time, efforts and
investments. Therefore, EPCA is closely collaborating with various Albanian institutions
working in the same field such as Research Institute of Forests and Pastures, Directorate
General of Forests and Pastures, Ministry structure, etc,.

EPCA has organized special events bringing together representatives of these
ingtitutions and its membership where MAFP's preservation is the most frequently discussed
topic.

EPCA members have been assisted over the years from various USAID funded projects
through training seminars (harvesting timing and techniques, quality control and assurance.
marketing and value adding), new market connections and promotion of plants properties
and their use in the country.

In the light of sustainable use of MAFP's in Albania, EPCA considers crucial continuous
education and training of its members in order to ensure proper handling of these plants and
also know-how transfer to the recently engaged power into harvesting and processing.
Harvesting timing and techniques are key issues that the whole supply chain (collectors up to
final exporters) needs on-going education and guidance. Through these educational programs
major processors and exporters, who are also being exposed to the requirements and
specifications of the international buyers, can apply more pressure to the collection levels
towards proper MAP's harvesting. In order to increase awareness of its members, EPCA is
presently using media channels to address issues of concern, and is planning to produce
promotion materials that would reach and help train the targeted audience (rural community)
prior to and during the harvesting and production season.

Bottom line - EPCA sees value adding as process that requires money, time, skills and
initiatives. In addition EPCA considers value adding every single effort made by its members
and nonmembers and the cluster related players (research institutions, ministry structures,
etc) to improve the business environment, quality of the harvested and processed products,
upgrade the production technologies, which will definitively contribute to an increase of the
country’s overall reputation, wellness and profile of final products.

Major Albanian production and export companies, EPCA members, are working on creating
a “brand” name for their products in order to soon export “Albanian Products’ under their
brand name, as parallel with the biological cleanliness of these products it has to be ensured
the cleanliness throughout their handling, processing and marketing.

EPCA is aso exploring potential fractionation of the essential oils to further processed

products such as oleoresins and is working on the identification of market needs and
opportunities for these products.
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Summary

Increasing demand for plant based drugs and active constituents cause for decrease or even extinction of the
source. This situation directed us to find biotechnological methods to obtain or produce natural drug active
constituents. Our main goal is to produce valuable natural drug constituents via plant tissue culture methods.
We have several projects. One of our projects focused on producing cucurbitacin B from Ecballium elaterium,
the other one is the production of shikonin derivatives from Arnebia densiflora. Cucurbitacin B was amplified in
suspension culture via elicitors. We also have A. densiflora callus cultures which produce red callus that is the
sign of shikonin and its derivatives.

Keywords: Cucurbitacin B, shikonin derivatives, Ecballium elaterium, Arnebia densiflora, drug active
constituents

Introduction

Plant originated folk medicines have been widely used to cure diseases and disease symptoms
for ages. Rising desire for plant based drugs and drug active constituents one of the reason for
the reduction of medicinal plants in their source. Particularly endemic plants, which can not
be cultivated beyond their habitat because of their seed features, plant selectivity, and
excessive collection, might become endangered. Natural active compounds are generally low
in their sources. This situation cause excessive collection or even destruction of the plant
source to have enough amounts of effective compounds. Accordingly, these circumstances led
us to find different ways by using biotechnological techniques to protect the source and to
obtain as well as amplify the compounds without destroying the natural source. Production of
desired compounds via plant tissue culture is one of the biotechnological methods. Our main
goal is to produce or increase pharmacologically effective drug active-constituents by using
biotechnological methods. We have several projects, only two of them were elucidated in this
paper.

Ecballium elaterium is known as squirting cucumber has variety of biological activity in vitro
(Miro et al. 1995) such as analgesic, antipyretic (Agil et al. 1995), anti-hepatotoxic (Agil et
al. 1999), anticancer, anti-inflammatory (Jayaprakasam et al. 2003). The plant extract and the
fruit juice have been widely used to treat various diseases, such as hemorrhoids and
specifically sinusitis, in the Mediterranean region (Baytop 1984). In clinical studies,
application of crude-diluted-fruit juice on volunteers having sinusitis showed good recovery
(Cingi et al 1983). Despite of the success in treatment of sinusitis, some toxicities and edemas
in upper respiratory tracks were reported. This brought deeper research on active compounds
of the crude extracts. It has been identified that triterpenic cucurbitacin B is the active
phytochemical (Yesilada et al. 1997). Our studies focused on establishing callus and
suspension cultures by using plant tissue culture methods to determine and increase the
cucurbitacins. Previously, callus and suspension cultures were established in our laboratory
(Toker et al 2003; Memisoglu et al 2004.). Cucurbitacin B was determined in our suspension
cultures and some elicitors were applied to increase it. Successful preliminary results were
observed. We will continue trying different elicitors to obtain the best results.
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Arnebia densiflora 1s one of the endemic plants that can produce shikonin and its derivatives
in Mediterranean region, specifically in Greece and in Turkey, (Davis 1978 and 1988).
Shikonin is a phytochemical compound, which is valuable in pharmacy for its
pharmacological effects, in food science and textile as a colorant because of its red color. In
Far East, shikonin was produced from Lithospermum erythrorhizone in plant tissue culture
(Tabata et al. 1974; Mizukami et al. 1978; Bozan et al. 1996).

Root extracts of some of the Boraginaceous plants, especially root extracts of 4. densiflora,
have been used as folk medicines to cure wounds, burns, hemoroids and diverse skin diseases
(Bozan et al. 1996; Yesilada et al. 1996). Oily root extracts have been used as ingredients of
skin tonics for their protective roles against harmful sunlight. Extracts contain naphtoquinones
as colored compounds, which were used in textile, cosmetology and food industry as a
colorant (Futagoishi and Abe 1973). Shikonin and some shikonin derivatives have anti-tumor
(Katti et al. 1979), anti-inflammatory (Chen et al. 2001; Singh et al. 2003), anti-microbial,
anti-oxidant (Assimopolou et al. 2004), anti-HCV (Chou et al. 2003; Ho et al. 2003) (against
hepatit-C), and anti-HIV-1 activities, which were shown scientifically (Chen et al. 2003).
Specifically anti-HIV-1 activity brought the idea of its usage as a drug active substance to
develop new drugs to cure this disease. Although some shikonin derivatives can be
synthesized chemically, that is not feasible yet (Papageorgiou et al 1999). In Far East,
particularly in Japan and in China, Lithospermum erythrorhizon, later on Arnebia euchroma
have been used to produce shikonin and its derivatives via tissue culture methods (Tabata et
al. 1974; Mizukami et al.1978; Hechun et al 1991; Shiyun and Songsheng 1994). According
to a study to determine the alkannin and shikonin contents of the eighteen Boraginaceous
plants, the highest naphtaquinone ratio was detected in the root barks of A. densiflora
(Yesilada et al.1996) This result led us to focus on 4. densiflora.

Material and methods

Ecballium elaterium (L.) A. Rich. plant samples were collected from Ankara, Turkey in May
through October. A voucher specimen was placed in the Herbarium of Pharmacy Faculty at
the Gazi University. In each cultivation period fresh explants (stem, root, leaf) were utilized,
wich were available in wild from April to October. Stem and stem nodes were surface
sterilized as described in Toker 2003. Cucurbitacins were analyzed in dried callus material.
Dried callus material (100220 mg per sample) was extracted with chloroform at room
temperature, and then evaporated to dryness in vacuo. Dried extract was dissolved in
methanol and filtered through membrane filters (0.45 pm, Althec). Quantitative determination
of cucurbitacin B was performed by HPLC, comparing with authentic sample.

Arnebia densiflora (Nordm.) Ledeb. plant samples were collected from Eskisehir-Sivrihisar
Turkey in May when they were flowering. All the parts of the plant were used as an explant to
produce callus. Media were prepared from stock solutions. All the hormones utilized in plant
cell culture were purchased from Sigma unless othewise were expressed from different brand.
All the solvents utilized were HPLC grade and they were either supplied by Sigma or Merck.
Methyl jasmonate 95% was purchased from Aldrich, yeast extract was purchased from Fluka
BioChemika.

Results and discussion
Ecballium elaterium
Callus Production: First of all, callus was obtained from stem nodes and leaf explants and

fruit of E. elaterium using media supplemented with BA and NAA in different ratios (Toker
et al. 2003). Root and fruit explants was not very succesful to produce callus. Highest calli
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production level was obtained from stem nodes. Therefore stem nodes were choosen as an
explant for further experiments. Plant parts were analyzed by HPLC for their cucurbitacin
content. Stem node contained 0.01% cucurbitacin B, whereas our calli culture from stem
nodes produced 1.26% cucurbitacin in supplemented with 1 mg/l BA and 0.1 mg/l NAA. We
aimed to produce more cucurbitacin by applying elicitors. Therefore, callus were transfered to
the liquid medium to have suspension culture which has advantages to apply elicitors to
produce secondary metabolites (Gundlach et al. 1992, Verpoorte et al. 2002).

Suspension Culture, Production and Application of Elicitors: Suspension cultures were
analyzed for their cucurbitacin B contents. Cucurbitacin B was not observed in the cells any
of the suspension cultures. Therefore we decided to apply elicitors to stimulate or amplify
cucurbitacin B formation in the suspension cultures. Yeast extract, methyl jasmonate and
potassium dihydrogen phosphate were added to suspension cultures as elicitors. Methyl
jasmonate affected the levels of cucurbitacin in cell suspension cultures. When it is compared
to the plant stem nodes, addition of methyl jasmonate brought about 43-54 fold increase in
cucurbitacin B level in the suspension culture Although methyl jasmonate was found to be an
effective elicitor in this study, the highest cucurbitacin B yields was obtained when
dihydrogen phosphate (340 mg/1) was added to the suspension culture as an elicitor on day 12.
The amplification of the cucurbitacin B level was 230 fold greater than the plant stem nodes

(Fig. 1).
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Fig. 1. Effects of potassium dihyrogen phosphate on the cucurbitacin B level of E. elaterium
cell suspension culture

Arnebia densiflora

Calli Production: Various parts of the plant, root, leaf and flower axis were used as explants
to produce calli (Kurnaz 2002). Sterilization of the explants was the major problem during our
studies. Different concentrations of sodium hipochloride were applied to sterilize the explants
but there was always a contamination problem. Different concentrations of plant hormones,
IAA, Kinetin, 2,4D and NAA were used in different combinations in MS, LS and SH media.
Our preliminary results showed that LS and MS were the most succesful media to produce
calli from all the explants. As for explants, flower axis responded best in MS media
supplemented with Kinetin 0.3x10°M, NAA 10°M. According to our unpublished
preliminary results, flower axis was the best choice as an explant to produce pink-red callus
(Fig. 2). Since shikonin is a red pigment, pink-red colored callus may be the sign of the
formation of shikonin and its derivatives.
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~ Fig. 2. Pink-red callus was produced from flower
axis in MS media suplemented with Kinetin 0.3x10
M, NAA 10°M.

Conclusions

In conclusion, stem explants of E. elaterium formed better callus than the other organs of the
plant and the highest cucurbitacin B content was detected in first subculture in a medium
containing 1 mg/l BA and 0.1 mg/l NAA. The cucurbitacin B ratio of the stem increased from
0.01% in the original plant to 1.126% in callus. Dihydrogen phosphate was the best elicitor to
stimulate the cucurbitacin production in the E. elaterium suspension culture. Our prelminary
resulst showed that cucurbitacin level increased upto 230 fold with the effect of potassium
dihydrogen phosphate. Different elicitors will be tried to get the highest cucurbitacin B level
in the suspension cultures in further. We will also anaylze cucurbitacins other than
cucurbitacin B, which they have pharmacological effects.

As for A. densiflora, we had serious sterilization problems. Despite using more than 30% of
sodium hypochloride, most of the explants were lost due to contamination. Although there
was a persistent contamination problem owing to features of the plant, flower axis responded
best to the studies for callus production. Even if the diffrent media were applied, MS medium
supplemented with Kinetin 0.3x10°M and NAA 10°M was the best choice to produce
colored callus culture from the flower axis of 4. densiflora. The calli are being analyzed for
their phytochemical composition by using series of phytochemical methods, in particular for
their shikonin and shikonin derivatives. These are only preliminary results, our ongoing study
on the production of pink-red callus stably and produce shikonin and its derivatives in large
scale.
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SLOVAK VARIETY OF MAJORAN ,, MARCELKA”, ITS CULTIVATIONS AND
ESENTIAL OIL CHARACTERISTICS
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Summary

Sweet marjoram plants of the Slovak variety ,, MARCELKA " were started to cultivate on the East-Slovakian
Lowland. The content of essential oil into the dry herbs is 1.2 %. A wide range of secondary metabolites
(terpinen-4ol: 6%, o-terpinene: 28%, y-terpinene: 16%, sabinene: 2%, limonene: 6%, cineole: 7% a linalool:
2%) presents its composition. They are giving to plants very nice and strong fragrance.

Keywords: Sweet Marjoram, essential oil and its composition
Introduction

Sweet marjoram is cultivated for its strong aromatic drug (Majorane herba). It is mixture of
dry leaves and stems with characteristic aroma. It comes from North-western Africa or
Eastern Mediterranean and was cultivated by ancient Egyptians, Greeks and Romans.

Specific crops represent only a small share in overall agricultural output in Slovakia, but their
lack causes difficulties. They never are the priority of agriculture, but only a supplement to
vegetable production. (Kucerova, 1999).

The cultivation of medicinal, aromatic and spicy plants on arable land is from point of view of
history the latest branch of agricultural products. Although there is elaborated technology for
cultivating of 30 species, the fact is that only 15 of them are cultivated on a large scale. The
places of production are located in mountain and marginal areas mostly, and only a small part
of production places are in the maize and beet areas. So, we might say that these specific
plants are grown in economically more demanding conditions. (Haban, 1996).

The aim of our research is the study of qualitative and quantitative composition of essential
oil as well as the aspects of the Sweet marjoram cultivation (Majorana hortensis L.), its
variety ,,MARCELKA" in selected area of East Slovakia lowland.

Materials and methods

Cultivation and seed production technology

There is only one variety which is allowed for cultivating — ,, MARCELKA*. The locality of
Streda nad Bodrogom (the Eastern Slovakia) was selected for its breeding. In elaborated
technological process for seed production, a light-textured soil was chosen, rich in humus,
with neutral pH. The soil of the mentioned area complies with the norms. It is light-textured,
rich in humus and not crustaceous. pH is between 6.7 — 7.3. Content of tolerable nutriments in
1 kg of soil: P=50 mg.kg ™" K=51 mg.kg™', Mg=674 mg.kg". The content of humus is 3.27 %.
For growing from seedlings, the seed was seeded into cold frames. The germination of the
seed is 85%. When three leaves appeared, the seedlings were planted. This started at the
beginning of May. Distance between lines are 0.25 x 0.35m = 120 000 plants on 1 ha.

The plants were cultivated four times in the early state. Phosphorus, which is important for
development of the seed, was used for fertilization. The soil was fertilized with 80kg’s of
nitrogen, in two doses. The first dose was added before seeding, the second in the time of last
hoeing. The growth was irrigated at need.
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Seed harvesting was realized at the time a plant started to dry-up, and the lower third of
a plant got brown. Above ground parts of a plant were picked. The general principles for
aromatic-oil drugs were applied. Some 0.25 — 0.30 m of over-ground part of a plant are cut.
Raw material is dried-up in thin layers in shade and draught. The harvest is 200-300 kg’s of
seed per hectare at the purity 98 %. The price of one kg of seed is 18 euros per 1 kg.

Specification of equipment, instruments and other tools needed for problem solution

The aromatic-oil from obtained samples of marjoram dry tops was isolated by means of hydro
distillation. Apparatus by COOKING and MIDDLETONE modification from years 1932-
1934 was used (by PALISH modification in 70’s). The distill apparatus belongs to the most
frequently used equipment for isolation of essential oils in the European laboratories.
Consequently, the essential oil was dehydrated with anhydrous potassium Sulphate, and
separated from n-hexane through the use of differential distillation. The mixture is heated in
distillation bulb (weighed on analytic scales) to the boiling point of dissolvent and evaporates
consequently. The vapor is led into the condenser. The condensate is continuously led-away.
Since the boiling point of n-hexane is 69 °C, (it means temperature lower than boiling points
of aromatic-oil components), the dissolvent evaporates at firstly. Thus the essential oil
remains in the distillation bulb, and is dehydrated in desiccator’s cabinet.

Main components of the oil were determined by means of gas chromatography, through the
use of equipment by Carlo Erba Instruments, type GC 6000 Vega Series 2, with FID detector
and capillary tube of length of 30 m, internal diameter 0, 53 mm, and with state steady
thickness of 0, 1 mm. Experimental conditions of determination: the inner temperature of
injector- 150° C, detector space temperature — 200° C, feed volume 0, 6 ml, and nitrogen as
a carrier gas. The temperature course: 130°C — 0 min., 5 °C.min up to 200 °C, 10 min. 200°C,
10°C.min up to 220°C, 15 min. 220°C. Identification of marjoram essential oil main
components was realized by the help of retentive times of authentic reference standards.

Results and discussion

The marjoram essential oil was analyzed through the use of gas chromatography (Picture 1.)
this physical-chemical method showed very interesting results of composition of oil, not
described in our literature up to now. For the first time, the wider secondary metabolites
spectrum was described: the amount of terpineol — 6%, a-terpinene — 28%, B-terpinene —
16%, sabinene — 2%, limonene — 6%, cineole — 7%, linalool — 2%, (Picture 2.)

The oil was isolated from dry stem, with volume of 1.2 %. Similar rates was reached by
cultivators in Poland (1.2 — 1.6 %), France (1.2 %), Lower rates was reached in Hungary (0.5
— 1.3 %), the higher rates in Russia (2.1 %). (Haban, 1996)

One of the most important properties of a-terpinene and B-terpinene is their antioxidant effect
(Chen et al., 2004). They protects human organism from reactive forms of oxygen. Free
oxygen radicals react with molecules of proteins, fats and nucleic acids, what leads to changes
in their structure. This might cause a formation of many diseases among others the rheumatic
disease, disease of nervous system (Alzheimer disease, Parkinson d., schizophrenia, Down’s
syndrome), creation of neoplasms and acceleration of ageing process.

The plant Meleuca altermifiolia, cultivated in Australia, examined for its antibacterial and
antipyretic effects. WONG and his team (2001) determined that the a-terpinene has the
mentioned antioxidant effect, and its volume in aromatic-oil is 8, 82%. The main component
of marjoram aromatic-oil is a-terpinene with volume 28%.

Sweet marjoram of various origins was experimentally cultivated in Quedlinburg (Germany).
Qualitative-quantitative analysis of aromatic-oils through the use of GC showed various
chemo types characterized by following volumes of components: carvacrol (33 — 88 %), 1, 8-
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cineole (58 — 64 %), thymol (60 — 64 %), y- terpinene (17 - 48% ), terpinene-4-ol (10 — 24 %),
and cis-sabinene (17 — 51 %) (Baranska et al., 2005). Slovak variety of sweet marjoram —
“MARCELKA” has different aromatic-oil composition; the main component is o-terpinene.
This is the condition for identification of new marjoram chemo type.

Conclusion

The variety, which is cultivated in East Slovakia lowland locality (Streda nad Bodrogom),
gives stabile values in comparison with other foreign varieties. The sum of terpenes is about
50%, what gives the plant a sharp and pleasant aroma. High content of a-terpinene (28%)), is a
precondition for identification of new marjoram chemo type and considerable properties of
used raw material and essential oil content.

P — S
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THE IN VITRO MORPHOGENETIC REACTION OF ECHINACEA PURPUREA
MOENCH.

Maftei Diana-Elena', Ichim Daniela®, Nicuti Daniela’, Ghiorghiti Gogu®

'University ,,ALL.Cuza” Iasi, Bvd. Carol I, 20A, *Emergency Military Hospital Iasi, *University of Bacdu, Calea
Marasesti, 157, 600115 Bacau, Romania

Summary

Plantlets and cotyledons from germinated seeds were cultivated in vitro on media of initiation (MS, By, B;)
providing neoplantlets which represented the source of sterile explants — mainly shoot tips and nodes, but also
leaf, internode, petiole and callus fragments. The best reaction obtained from shoot tips and nodes was on BN
medium — multiple shooting with the most vigorous shoots and roots. We also tested the organogenetic capacity
of the friable foamy callus. This species registered a low growth speed and development compared to other
species that we have tested.
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Introduction

Echinacea purpurea is a herbaceous plant originating from the South regions of the United
States of America. It is widely cultivated in Europe, Australia, New Zealand and North
America. Echinacea pharmaceutical products are used to prevent and treat especially
respiratory, urogenital and skin infections [5]. Its positive effects rezide in its active principles
from roots and aerial parts that stimulate immunity. These properties drew the attention of
numerous researchers (doctors, pharmacists, biologists). The in vitro micropropagation of this
species is an opportunity to provide new valuable vitroclones with a superior content of active
principles.

Material and methods

The first step in the in vitro culture initiation at Echinacea purpurea (L) Moench was
represented by providing plantlets from germinated seeds in December 2004. The seeds were
brought from the Agro-Zootechnical Research Centre Secuieni (county of Neamt), crop of
2003. Plantlets and cotyledons were inoculated on media of initiation MS, By, (0.2 mg/l BAP)
and B, (2 mg/l BAP), generating sterile neoplantlets that were the explant source to test the
morphogenetic reaction on varied hormonic formuli.

We used Erlenmeyer vials (100 ml, type B) for the in vitro cultures. The carbon source was
represented by saccharose (25 g per litre of culture medium) and the agar was used to solidify
the media.

Culture incubation was accomplished in a half-climatised room (temperature 23° to 25° C,
light intensity of about 2500 lux, permanent illumination — white artificial light).

Our experiments were carried out in the Genetic Laboratory of the University of Bacau. Our
results are presented in table 1 and figures 1-8.

Results and discussions
We mention that this species registered a low growth speed compared to other species. The
explants we mostly tested were shoot tips and nodes from the shoots regenerated on media of

initiation. Explants were sterilised with mercury chloride for 5 minutes, subsequently emerged
in chloramine-T (for 12 minutes), then rinsed twice with sterile distilled water. We
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encountered no difficulties regarding explant sterilisation as the number of infections was
very small.

We used the basal hormone-free Murashige-Skoog (1962) medium to initiate the in vitro
cultures but also two variants of MS supplemented with small amounts of BAP: By, (0.2 mg/1
BAP) and Bys (0.5 mg/l BAP). These culture media stimulated the growth and development of
shoots that were the explant source to test the morphogenetic reaction of Echinacea purpurea
on varied hormonic formuli of nourishing media.

Shoot tips and nodes were the most utilized explants we used, but we also observed the leaf,
internode and callus explants’ reaction on media comprising varied combinations and
concentrations of phytohormones added to the basal MS medium.

The reaction on MS medium (control medium) was a less representative one, the generated
shoots did not present any secondary branches, they were frail, with thick short roots (no
secondary roots). We also tested the explants’ reaction on media supplemented either with
cytokinins or with auxins or with combinations of the two phytohormones. On culture media
comprising only BAP in small amounts (0.2 mg/l) we noticed a good caulogenetic reaction,
still lower than on media containing BAP and kinetine. Augmenting BAP amount from the
nourishing media (up to 2.0 mg/l) the intensity of caulogenesis is enhanced. B medium (with
BAP) induces multiple shooting (3-4 basal branches/shoot). It seldom generates friable green
granulated callus at shoot base. Root growth was inhibited on this medium of culture. We
noticed (not only on this nutritive formula) that basal leaves are thick and augmented, turning
into compact mossy structures. Media comprising IAA favoured the growth of strong roots
within the medium of culture (fig. 4).

Associating BAP with an auxin (IAA) root genesis was stimulated, though the roots were frail
and short. These roots were absent on the previous medium formula. Replacing IAA with 2.4-
D combined with BAP we observed compact, cream-yellowish callus at the base of explants
which did not provide shoots or roots (fig.7). A good callus genesis was registered on BN,
medium (with BAP — 1 mg/l and NAA 0.5 mg/l) which favoured the formation of granulated
green-yellowish callus, presenting a low proliferation capacity. Only the nodal explants
provided few poorly developed shoots and seldom roots.

On BN medium comprising a much smaller quantity of NAA (0.01 mg/l) the reaction was
more different than on the previous one, providing the best caulogenetic reaction (fig.2). We
observed the multiple shooting phenomenon (strong green shoots with large leaves). The
roots were thick, short, white and branchless. We seldom noticed that the offshoots presented
callus at their basis. We may assess that this culture medium registered the best results
regarding shoot formation compared to the other variants used to test this species. A
favourable morphogenetic reaction was registered on BK medium formula, a combination of
BAP (1 mg/litre) and kinetine (0.5 mg/litre), which induced multiple shooting (fig.1). The
offshoots are vigorous, with a compact hard green callus provided at their basal part. Few red
hue roots without secondary branches were provided. Shoot formation on BK is less
represented than on B, and more intense than on By, (B,>BK>B;).

The association of BAP and giberellic acid was not a successful one, the general reaction
being poor with few frail neoplantlets, with a tendency to degenerate; root genesis was
completely inhibited. A similar reaction was evinced on KN medium with kinetine (1 mg/I)
and NAA (0.5 and 1 mg/l)(fig.3). Leaf fragments inoculated on a medium supplemented with
moderate amounts of IAA provide long, thick, green-whitish roots. That was the best
rhysogenetic reaction of foliar explants. They sometimes provide granulated dark green
callus. Shoots induction was a difficult process and they were frail. Culture media with
another auxin (2.4-D) favoured callus formation in case of using leaf explants, on their entire
surface and sporadically they provided roots (fig.6).

Section | 147



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

Varied amounts of BAP added into the nourishing medium did not induce the differentiation
of leaf explants, that grew and thickened into a slightly callussed structure. The best
caulogenetic reaction of leaves was registered on BA medium (with BAP and [AA), the
neoplantlets were generated by indirect shooting providing a granulated green callus. Shoot
differentiation was a difficult process on BN; medium too. The slightly callussed and
enlarged leaves obtained on BK medium were transfered on B, where they induced shoot
formation, the higher amounts of cytokinine (2 mg/l BAP) stimulated stem genesis.

The leaf explants were also tested on KN formula, when a friable foamy white-greenish callus
with shoot buds was obtained. Passed on B, medium this callus provided shoots. Testing the
reaction of petiole explants on KN medium we noticed the presence of well developed short
roots without callus formation.

Internode explants inoculated on BN medium provided a foamy green callus that proliferated
but it didn’t differentiate. We also tested the reaction of callus obtained on KN and passed on
a medium formula with cytokinin and giberellin (BG) but we did not succeed to induce
differentiation, eventually this callus degenerated.

The best caulogenetic reaction is by far the one from BN medium (1.0 mg/l BAP and 0.01
mg/l NAA, followed by the reaction on BK, B, and BA. The best nourishing formula to
induce roots was the one with auxin IAA (in a higher amount: 2 mg/litre of medium).

We stress the fact that this species is quite refractory to in vitro cultivation, growth processes
were slow. It was a challenge to obtain vigorous offshoots.

Neoplantlets accommodation to septic conditions was accomplished in a hydroponic system
(fig.8), but most of them did not survive the shock of the ex vitro medium.

The data displayed wihin this paper are preliminary studies that we aim to continue with
biochemical and cytogenetical tests on this valuable species.

Conclusions

1. Testing the response of shoot tips and nodes we observed that the best caulogenetic
reaction and multiple shooting was provided on nourishing formuli containing BAP (1
mg/l) and NAA (0.01 mg/l), while the most vigorous roots grew on media with higher
amounts of IAA (2 mg/l).

2. The combination between BAP (1 mg/l) and NAA (0.5 mg/l) was the most efficient to
induce callus (low proliferative).

3. The best rhysogenesis of foliar explants was enhanced by auxin IAA (2 mg/l), the most
vigorous stems from leaf explants were induced by BAP combined with IAA, while the
formula KN provided foamy regenerative callus.

4. Internode fragments used as explants only generated callus that proliferated but did not
differentiate.

5. This species is quite refractory to in vitro cultivation, the accommodation to septic
environment being also a difficult process.
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Fig 4 — Vigorous roots provided on A medium formula

Fig. 7 Slightly callused nodal explants on BD medium Fig. 8 Accomodation to septic environment (hidroponic system)
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CONTENT AND QUALITY OF ESSENTIAL OIL IN DIFFERENT MINT
CULTIVARS
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Summary

Mint is one of the most important medicinal plant species. Its roll and significance in pharmaceutical, cosmetic
and food industry is of great importance. To determine possibility of increasing yield of essential oil per area of
cultivated plants, three different mint cultivars were tested, Mitcham, and two Moldavian cultivars: N-310 and
U-2M. The data, along with those dealing with chemical composition of isolated oils, showed that cultivar N-310
deserves special treatment in the cultivar selection process.

Keywords: mint, essential oil, chemical composition, yield

Introduction

Mint is one of the main medicinal plants. Mint, as a medicinal plant species, has not been
accidentally classified among the oldest plant species in the cultivation system. Its essential
oil was used for medical purposes by the ancient Egyptians in 410 BC. In England, this plant
species was used as early as 1696 (Kisgeci et al., 1998).

Today, mint has one of the leading positions, both by quantity and trade, and by its
multipurpose application. Thanks to its medicinally recognised properties, it is very important
in the pharmaceutical, cosmetic, food, and other industries. For this reason, it is very attractive
on the market.

The greatest producers of this cosmopolitan plant species are USA, Russia and Brazil. In
Europe, the highest production level is in England. In Serbia, it is cultivated on more than
1,000 hectares, with a trend of increased production.

Modern pharmacy uses peppermint leaf (Mentha piperitae folium), aboveground parts
(Mentha piperitae herba) and the essential oil (Aetheroleum menthae piperitae) for the
preparation of various medicinal formulations and teas.

In the aim of finding the most favourable genotypes for peppermint cultivation, multiannual
all-inclusive research has been carried out, aiming at the increased yield, and especially the
higher percentage of essential oil and its quality.

Material and methods

To achieve the aim of attaining the higher yield per unit area and of increasing the essential
oil content compared to the oil content in mint cultivar YU-Mitcham, we tried the
introduction of several peppermint cultivars from the neighbouring countries, mainly from the
Republic Moldavia. During 2001, 2002 and 2003, experiments were carried out with the
cultivars N-310, U-2M and the standard, in our country the most widespread cultivar, YU-
Mitcham. The cultivar YU-Mitcham, the so-called English mint, was the most cultivated mint
cultivar in the former Yugoslavia and in Serbia. It originates from England, but in our
conditions, thanks to its multiannual cultivation, it has adopted some authentic characteristics,
by which it probably differs from the variety of this cultivar cultivated in other countries
(Maksimovi¢ et al., 1998).

During the three-year field experiments at Obrenovac in 2001, Bajina BasSta in 2002 and
Pancevo in 2003, the growth and development of the above cultivars were monitored, and the
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ratio of fresh and dried matter, leaf output, yield, content of essential oil and its quality were
determined.

Field experiments were performed by the usual methodological procedures. The basic soil
tillage and preparation were carried out as usual. The applied cropping practices and
protection were identical as the measures commonly carried out in plantation production. The
yield and the essential oil determination were performed based on the first harvest.

Content of essential oil in the mint samples was determined in a Clevenger type apparatus, by
hydrodistillation, whilst composition of isolated oils was determined by GC/FID and GC/MS.
GC/FID analysis of the oils was carried out on a GC HP-5890 Series II apparatus, equipped
with split-splitless inlet and automatic liquid sampler (ALS), attached to HP-5 column (25 m
x 0.32 mm, 0.52 pm film thickness) and fitted to FID. Carrier gas flow rate (H;) was 1
ml/min, split ratio 1:30, injector temperature was 250°C, detector temperature 300°C, while
column temperature was linearly programmed from 40-240°C (at rate of 4°/min). The same
analytical conditions were employed for GC/MS analysis, along with column HP-5MS (30 m
x 0.25 mm, 0.25 pm film thickness), using HP G 1800C Series II GCD system. Instead of
hydrogen, helium was used as carrier gas. Transfer line was heated at 260°C. Mass spectra
were acquired in EI mode (70 eV), in m/z range 40-400. For quantification purposes, area
percent reports obtained by FID were used as the base.

Results and discussion

The analysis of the yield results, presented in Table 1, shows clearly the relatively low
variability of the average yield of the cultivars studied. The interval of variation of the
average values ranges from 3,335 kg/ha for the cultivar YU-Mitcham, to 3,675 kg/ha for the
cultivar U-2M. It is evident that all the three analysed cultivars attained the high yields of the
dried mint leaves.

It is interesting that the domestic peppermint cultivar approached the Moldavian selections
significantly, and the reason of such yield volume is probably the extremely high fertility of
the cultivar YU-Mitcham in 2001 at Obrenovac, where the yield of 4,024 kg/ha of dried
leaves is the usual value for this peppermint cultivar. According to the data by Maksimovi¢
(1991) on the experiments with mint cultivar YU-Mitcham in Panc¢evo in 1989, the yield of
this cultivar varied within the interval 758-1379 kg/ha of dried leaves from the first harvest.
Similar data were obtained also in the research by Stepanovi¢ et al. (1995), in the experiments
at Pirot and Pancevo. Perhaps the elevated yields, compared to the common yields, were the
consequence of the exceptional cultivar practices and intensive fertilisation, as well as
irrigation, which was performed at two occasions in 2001 at Obrenovac.

The ratios of fresh and dry substance are rather non-uniform, both by years and between the
analysed cultivars. It is especially interesting that a very low interval of variation occurred in
the ratios of stem and leaf, both by years and between the cultivars, which can be explained
also by the adequate soil management and crop cultivation.

The content of essential oil on the average varied within the limits from 2.05% in the cultivar
YU-Mitcham, to 3.01% in the cultivar N-310. The lowest oil content of averagely 2.05% was
determined in mint cultivar YU-Mitcham, and a significantly higher content (average 3.01%)
was determined in mint cultivar N-310 (Table 1).

Recorded data are in harmony with the data obtained by Maksimovi¢ et al. (1998), Stepanovié¢
et al. (1995) and Tucakov (1997). It is important to emphasise that the cultivars, which
attained the elevated yield (U-2M and N-310), had simultaneously also the higher percentage
of essential oil, so these cultivars also achieved a significantly higher yield of oil per unit area
compared to the cultivar YU-Mitcham.
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Regarding the essential oil quality characteristics of the studied mint cultivars, the marked
variability of individual components should be emphasised (Table 2). The most manifested
variability was measured in the most important component — menthol. Menthol content in the
oils varied widely from 26.61% in the cultivar YU-Mitcham 2003, to 71.02% in the cultivar
N-310, produced at Obrenovac in 2001.

The comparison of the results on the percentage of menthol in three different mint cultivars
shows the noticeably higher menthol content in the cultivar N-310, which is by more than
100% higher compared to the cultivar YU-Mitcham, in which the average menthol content
was 36.80%. The highest percentage of menthone was determined in the domestic cultivar
YU-Mitcham (14.16 - 34.15), and almost twice as low quantities during all the three studied
years were attained by the cultivar N-310. Menthofuran, isomenthone and neomenthol
(MF+IM+NM), as the important components of peppermint essential oil, are presented
collectively, and their highest presence was determined in the Moldavian mint U-2M. The
content of these three components is in harmony with the data by Tasi¢ et al. (1998), but in
his data the menthyl acetate content in industrial distillation was higher by 7.1% in the
cultivar YU-Mitcham. As for the other components, the relatively high percentage of
limonene 1.82 - 8.19% in the Moldavian mint U-2M should be emphasised, which is a
positive component from the aspect of quality characteristics of mint essential oil.

In our analysis of the significance of individual components of peppermint essential oil, we
decided on the selection of the 16 analysed components. Although many other components
have been analysed, we have not taken them in consideration due to their relatively minor
percentage.

Conclusions

The analysis of the yield results shows clearly the relatively low variability of the average
yield of the studied cultivars. The interval of variation of the average values ranges from
3,335 kg/ha for the cultivar YU-Mitcham, to 3,675 kg/ha for the cultivar U-2M.

The content of essential oil on the average varied within the limits from 2.05% in the cultivar
YU-Mitcham, to 3.01% in the cultivar N-310. The lowest oil content of averagely 2.05% was
determined in mint cultivar YU-Mitcham, and a significantly higher content (average 3.01%)
was determined in mint cultivar N-310.

Regarding the essential oil quality characteristics of the studied mint cultivars, the marked
variability of individual components should be emphasised. The most manifested variability
was measured in the most important component (menthol).

Variability of contents of other registered constituents was present, but recorded differences
were quite usual.
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CONSERVATION OF EASTERN EUROPEAN MEDICINAL PLANTS:
ARNICA MONTANA IN ROMANIA

Michler Barbara', Kathe Wolfgangl, Schmitt Susanne', Rotar Ioan®, Pacurar Florin®

'World Wide Found for Nature, London; England, 2US.AM.V., Cluj-Napoca, Roméania

Summary

The purpose of the project is to develop a model for the sustainable production and trade of Arnica montana, in
Garda de Sus commune, Apuseni Mountains (Romania), resulting in benefits for biodiversity and livelihoods.
The principles of which can be used to inform the development of conservation approaches and methodologies
for other endangered medicinal and aromatic plants and their habitats. This model can be tested on other
species and will have conservation benefits for habitats, extending beyond benefits for the targeted species.
Ecological management and human management are equally challenging and essential for the success of the
project. Based on experiences from a previous project and preliminary scientific data on arnica distribution,
growth and reproduction in the area, key components for successful project implementation have been
identified: research on arnica ecology, trade chain, socio-economic context and drying methods, training and
capacity building; development of a local resource management and trade association; development and
construction of arnica drying facilities.

Keywords: Arnica montana, medicinal plants, conservation, land use management
Project Background

Southeast Europe is one of Europe’s most important and richest biodiversity hot-spots. Large
and relatively unspoilt natural or semi-natural ecosystems contribute to this remarkable level
of biodiversity as do traditionally managed cultural landscapes.

Following a long tradition, the local rural population in most Southeast European countries
has collected and used a variety of wild plant and mushroom species for medicinal, cosmetic
and nutritional purposes, be it on subsistence level or for trade. Today, Southeast Europe is by
far the most important European source region of medicinal plants collected from the wild.
Bulgaria, Albania, Croatia and Romania in particular provide the European market with
considerable amounts of raw material: On average, over 36,000 tonnes of pharmaceutical
plants are exported from East and Southeast Europe every year (Lange, 2003).

As elsewhere in Europe, however, the destruction or conversion of habitats and an increasing
demand for raw material, have piled on the pressure on medicinal plant resources in the
Balkans. WWF has expressed concern over this development, which is likely to be further
aggravated in countries preparing for accession to the European Union. The World Wide
Fund for Nature (WWF), the University of Agriculture and Veterinary Medicine (USAMYV)
and Babes-Bolyai University (UBB) in Cluj have initiated the project “Conservation of
Eastern European Medicinal Plants: Arnica montana in Romania” to make this problem more
widely known and develop a model for the sustainable use of medicinal plants from the wild.
The project is scheduled for a three years’ period (April 2004 — March 2007) and funded by
the Darwin Initiative, UK. The project is being carried out at field level with the community
of Garda-de-Sus in the Apuseni Mountains (Transylvania).

Vision
Sustainable use of our natural resources is one of the big challenges of our time and will

become increasingly important. This challenge is inextricably linked to local livelihoods and
to economic viability, without which the use of natural resources and ultimately nature

Section | 158



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

conservation cannot be managed in a sustainable way. We hope that the project ’Conservation
of Southeast European Medicinal Plants: Arnica montana in Romania’ will be a model project
for the entire region and beyond. Close co-operation of all people and groups directly and
indirectly linked to the project will, however, be required to make full use of its great
potential.

Goals of the Project

The main goal of the project is to develop a model for the sustainable production of and trade
in Arnica montana in Garda-de-Sus resulting in benefits to both biodiversity and livelihoods.
The project will seek to extract principles and lessons from its work, that can be applied to the
conservation of Arnica at other sites, as well as other species of medicinal plants and their
habitats.

To achieve these goals, the project team will work with the community of Garda-de-Sus in
developing and establishing a community-based Arnica management including all local
stakeholders. As one of the key elements of the project, a Resource Management and Trade
Association (RMTA) will be established at Garda-de-Sus. The mechanisms and procedures to
set up the RMTA will be developed by the local stakeholders, in particular farmers, collectors
and people with key functions in the village, in co-operation with the project team from Cluj
and WWEF-DCP, Romania Office. Before any research is carried out, the suggested topics of
research will be discussed with the local stakeholders and modified, if need be. Ultimately,
the project aims at developing an effective management system for Arnica, that promotes
sustainable sourcing and trade and results in higher revenues for both farmers and collectors
and at establishing a profitable community-based resource management, which continues
working effectively after the end of the project. The Arnica management will have to be
included in the management system of the Apuseni Mountains Nature Park administration.
First contacts with the park authorities have already been established.

Project Components

The development of fair and considerate ecological and social management systems is equally
challenging and essential for the success of the project. Based on experiences from a previous
project and preliminary scientific data on Arnica distribution, growth and reproduction in the
area, key components for successful project implementation have been identified:

- Training and capacity building

- Development of a local Resource Management and Trade Association (RMTA)

- Development and construction of Arnica drying facilities

- Research on Arnica ecology, trade chain, socio-economic context and drying methods

All project components will be implemented in parallel as they are interdependent. Regular
evaluation of successes, threats, challenges and lessons learnt will enhance targeted and
effective project development and implementation.

Training and capacity building

Training is a process of mutual learning and teaching. The members of the project team will
closely work together with farmers (land-owners) and collectors (mostly children and elderly
women) and train them in basic scientific and technical knowledge of Arnica ecology, post-
harvest treatment of Arnica flowers and possibilities of sustainable resource management; the
local farmers and collectors will teach the project team their traditional knowledge with
regard to Arnica growth, flowering patterns and meadow management. Together, project team
and farmers / collectors will then be able to work out monitoring methods and a local
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management plan for the sustainable use of Arnica meadows. In a second step, the people
who work in the RMTA will be trained in order to train others (capacity building). In
addition, the capacity of young scientists from USAMYV and UBB will be built in community-
based and interdisciplinary approaches to conservation and in technical and scientific skills.

Development of a local Resource Management and Trade Association (RMTA)

Successfully establishing a local RMTA will be a key milestone of the project. Plans include
the development of such an association together with interested local farmers / families, who
express interest in the sustainable use of Arnica on the meadows of their village. Important
tasks of the RMTA will be the development and implementation of a local Arnica
management plan, the setting of annual harvest quotas and developing a detailed concept for
value-added products (e.g. local drying facility/ies of Arnica flowers), negotiate with traders
and, if need be, between farmers and collectors. The RMTA will also have to agree on
mandatory rules with regard to membership. It is important that the RMTA be developed and
set up through a fully participatory process and that the administration of the regional nature
park takes part in this process. Eventually, company partnerships may be developed between
the association and traders and / or herbal companies.

Development and construction of Arnica drying facilities

Local drying facilities for Arnica flowers are an important component of the concept, as
quality dried Arnica flower is a processed and refined product that can be sold at considerably
higher prices as compared to fresh Arnica. The project seeks to add value to Arnica by
building adequate drying facilities close to collection sites. Methods and scale of drying are
matters of discussion.

Experimental drying in a demonstration trying facility is planned for the first field season for
to convince collectors / farmers of the usefulness of the method and ease setting up more solid
drying facilities during the second year.

Research on Arnica ecology, trade chain, socio-economic context and drying method

Research is, together with traditional knowledge, an important cornerstone in the development
of a resource sustainability concept. Several research items have been suggested:

- Ecological sustainability of Arnica and link to farm management and tenure rights

- Socio-economic context and community attitudes at Garda-de-Sus

- Analysis of the trade-chain for Arnica flowers from Garda-de-Sus

- Analysis and development of adequate drying and storage methods for Arnica flowers
These research items will be suggested by the project team to local stakeholders and
interested people; these items may be modified and adjusted according to the current actual
needs. It is planned that, within the research topics, two masters thesis be written by students
from Cluj. The topics will be conceptually developed together with all project partners and the
students’ local academic supervisors.

References
1. LANGE D., 2003 - The Role of East and Southeast Europe in the Medicinal and Aromatic
Plant Trade.- In: Kathe, W., Honnef, S., & Heym, A.: Medicinal and Aromatic Plants in

Albania, Bosnia-Herzegovina, Bulgaria, Croatia and Romania, BfN-Skripten, 91: 64-77,
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ELECTRON BEAMS TREATMENT OF SPIRULINA PLATENSIS
TO ENSURE THE MICROBIAL SAFETY
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'National Institute for Lasers, Plasma and Radiation Physics, Electron Accelerators Laboratory, 409 Atomistilor
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Bucharest, Romania

Summary

Spirulina platensis has high protein content and therefore, a high nutritional value. Taking into account that
nowadays it is used as substitute and/or supplement in human diets, it should have a proper hygienic quality.
The treatment with accelerated electrons is already applied on various foods for decontamination and extension
of shelf life, being considered an ecological and non-expensive one. The aim of the paper is to discuss the
electron beams application on Spirulina platensis and the evolution of modifications during its storage. The
results of our study showed that the treatment with accelerated electron beams on Spirulina platensis is suitable
to ensure the microbiological safety.

Keywords: Spirulina platensis, electron beam treatment, microbial safety
Introduction

Spirulina platensis is a green-blue microalga known by its high nutritional value and
considered as one of the most complete natural sources of proteins, vitamins, minerals and
other nutrients [1]. It has been recognized to be a more than potential alimentary source [2] to
be used as substitute and/or supplement in conventional diets [3].

Due to its nutritional value, the recently increasing demand for Spirulina as a health-
beneficial food has motivated interest in the improvement in its hygienic quality.

Electron beam treatment is already applied to various foodstuffs for decontamination and
extension of shelf life [4, 5]. In addition, the major advantage of the linear accelerators as
compared with gamma irradiators is that they can simply be turned off when is not in use [6].
Therefore, we have proposed to discuss in our paper the electron beams (e-beams) application
on Spirulina platensis and the evolution of modifications during its storage.

Materials and methods

The samples of Spirulina platensis have been irradiated in plastic package at room
temperature and atmospheric pressure in accelerated electron beams of 6 MeV. Doses up to
20 kGy, with a dose rate of approximately 2 kGy/minute, have been obtained.

Microbial contamination has been measured according to the method described by Romanian
Pharmacopoeia [7].

Chlorophylls have been determined by a spectrophotometric method using acetone as a
solvent. The filtered acetone extracts have been read as follows: A = 662 nm for a chlorophyll
and A = 644 nm for b chlorophyll.

C Phycocyanin content have been established according to Boussiba’s method [8], being
analysed with a Carl Zeiss Jena spectrophotometer. The characteristic absorbance of C
phycocyanin has been read at A = 620 nm.

Fatty acids determination. The lipids contained in Spirulina biomass have been transformed
into fatty acids by alkaline hydrolysis. Their salts have been refined by extraction with
petroleum ether. After acidifying, the free acids have been extracted with petroleum ether and
the residuum obtained after concentration has been subjected to esterification using methanol
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and acidic catalysis. The obtained methyl esters have been extracted with heptane and injected
into a gas chromatograph SHIMADZU GS-MS having a column with stationary phase
MACROGOL 20000 @ = 0.25 mm, 1 = 30 mm using He, as carrier gas tiyjector = 2500C, teolumn
=160-250°C. A QP 5000 mass spectrometer has been used as a detector.

Antioxidant activity has been identified by enzymatic measurement (superoxide dismutase —
SOD) in guinea pig brain homogenate Activity of SOD (EC. 1.15.1.1) has been determined by
standard method, following the catching action of free radicals in a generating system of
them.

All measurements have been carried out immediately after irradiation and after 6 months
storage at room temperature.

Results and discussion

The number of bacterial colonies decreased when e-beam dose increased immediately after
treatment; no microorganisms survived after 20 kGy dose. The decrease had a linear evolution
(Fig. 1), Dy (the decimal reduction dose) being at 9.64 kGy. The 5 kGy and 10 kGy treated
samples showed a permissible level of microbial load according to Romanian Pharmacopoeia.

180
1504 =
120

90
D,,= 5.59 kGy
60 i

Bacterial population density [cfu/ml]

30

i \
i D= 9.64 kGy:
i

0 . NS

0 5 10 15
Dose [kGy]
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Fig. 1. Bacterial contamination of Spirulina before and immediately after treatment
The control sample had a very high fungal contamination level (Table 1), but after 5 kGy dose
appeared a drastic reduction of it. In comparison to bacteria behaviour to e-beam treatment,

these results suggested us that fungi are more sensitive in the 01.-5 kGy range.

Table 1. Fungal contamination [CFU/ml] of Spirulina

Doza [kGy] 0 5 10 20
Immediately after irradiation TNTC* 11 2 1
After 6 months storage 24 12 4 1

*TNTC = too numerous to count

During storage period of e-beam treated Spirulina the microbiological situation remained
unchanged, being in accepted limits. This could be expected because Spirulina is a relative
dry product. All the data indicated that the treated samples were stable from microbiological
point of view.

The content of @ and b chlorophylls did not vary importantly with e-beam dose immediately
after treatment (Table 2). During storage time, the chlorophyll content decreased, especially in
the case of chlorophyll .
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Table 2. Content in a and b chlorophylls [mg/100g] of Siprulina
Dose Chlorophyll @ | Chlorophyll b

\[%ths 0 6 0 6
[kGy]
0 33 | 29 | 300 | 186
5 32 | 24 | 295 | 124
10 32 | 23 [293 ] 196
20 31 | 2.0 |305 ] 213

No significant changes of C phycocyanin content have been observed immediately after e-
beam treatment (Fig. 2), but for all treatment dose appeared a decrease in phycocian content
during storage time.

C phycocyanin content [%]

0 5 10 20
Dose [kGy]

Fig. 2. Phycocyanin content of Spirulina plantensis

Tabel 3 shows the content in fatty acids of Spirulina. The data did not indicate very important
changes of composition in fatty acids both immediately after treatment and after 6 months
storage. However, after 6 months storage a slight tendency to decrease has been remarked for
the following saturated fatty acids: palmitoleic, oleic, linoleic, linolenic, EPA
(eicosapentaenoic acid) and DHA (docosahexaenoic acid).

Table 3. Fatty acids content [%] in Spirulina platensis

Dose Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic EPA DHA
\n@ 0 6 0 6 0 6 0 6 0 6 0 6 0 6 0 6
kGy
0 443 | 44.0 2.4 1.8 20|20 | 140 | 13.7 16.0 102 | 17.0 | 13.2 | 8.1 | 6.3 | 3.8 1.9
5 44.0 | 443 2.3 1.6 1.7 119 ] 134 | 12.8 16.1 10.0 | 17.1 | 153 | 83 | 6.7 | 3.4 2.0
10 42.5 | 445 2.1 1.7 2.1 2.1 | 141 | 13.7 159 10.0 | 16.8 | 149 | 82 | 6.0 | 3.2 2.3
20 429 | 442 2.2 1.5 1.8 19| 139 129 15.8 98 | 16.8 | 148 | 8.1 | 6.0 | 3.4 2.2

The content of “like-SOD” compounds decreased significantly with the increase of dose for
all chosen doses immediately after treatment (Fig. 3). For the same dose treatment the SOD
activity did not change during storage period.
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Fig. 3. Variation of “like-SOD” enzyme content of Spirulina

Conclusion

The results of our study showed that the treatment with accelerated electron beams on
Spirulina platensis is suitable mean to ensure the microbiological safety. The dose range may
be established taking into account for which application (e.g. food supplements,
pharmaceutical products, etc) the microbial safety require to be ensured.
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THE INFLUENCE OF ELECTRON BEAMS ON THE SEA BUCKTHORN BERRIES
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Summary

Sea buckthorn is well known for its quality with almost unlimited potential for the cure of some diseases. Due to
the fact that it is necessary to harmonise the products across the international regulations regarding microbial
contamination and active biologic compounds, we initiated a study with respect to the action of electron beam
treatment on sea buckthorn berries. Sea buckthorn berries were treated with electron beams up to 40 kGy and
microbial contamination, flavonoid derivates, carotenoid and protein contents as well as antioxidant activity
were evaluated. The study revealed that after 3 kGy irradiation, the sea buckthorn microbial load was reduced
under permissible level according European Pharmacopoeia without important alteration in active principles.

Keywords: sea buckthorn, electron beams, microbial contamination
Introduction

Sea buckthorn is well known for its quality with almost unlimited potential for the cure of
some diseases. Berries contain many bioactive substances and can be used in the treatment of
several diseases such as cardiovascular disease, cancer, and acute mountain sickness [1, 2].
Generally, the microbiological background of medicinal plants depends on several
environmental factors and exerts an important impact on the overall quality of the products
[3]. Nowadays there are very clear international regulations concerning the problematic of
microbial contamination of medicinal plants and for this reason it is necessary to harmonise
the products across these in order to have good quality products. As radiation technology is
increasingly recognized as an effective way in reducing microbiological contamination of
medicinal plants [4], we initiated a study with respect to the action of electron beam (e-beam)
treatment on sea buckthorn berries.

Materials and methods

Material

Sea buckthorn berries from Romanian spontaneous flora have been transformed in powder
state by controlled drying at temperatures lower than 60°C and then grounding.

Irradiation

Sea buckthorn powder has been packed up in polyethylene bags and treated in electron beams
with doses up to 40 kGy, at room temperature and atmospheric pressure. It has been used a
linear electron accelerator which has the mean energy of 6 MeV, the peak intensity of 75 mA
at a repetition rate of 50-100 Hz.

Microbial load has been measured on liquid plant extracts according to the method described
by Romanian Pharmacopoeia [5].

Quantitative determination of total flavonoid derivatives has been performed using colour
reaction of them with AICIl; and reading the extinction at A = 430 nm. The total flavonoid
content has been expressed in rutin.

Determination of carotenoids has been carried out in benzene extracts of sea buckthorn by a
spectrophotometrical method. It has been measured the absorbance of samples at A = 460
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using for standardization solution of B-carotene and then the carotenoid content has been
calculated.

Soluble protein measurements have been performed suspending the sea buckthorn powder in
water, filtration and precipitation of filtrate with ethanol.

Antioxidant activity has been identified by enzymatic measurement (superoxide dismutase —
SOD) in guinea pig brain homogenate. Activity of SOD (EC. 1.15.1.1) has been determined
by standard method, following the catching action of free radicals in a generating system of
them.

Results and discussion
Table 1 shows the contamination with microorganisms before and after different dose
treatment. It can be noted the samples presented decrease of total number of bacteria with the

increase of irradiation dose.

Table 1. Microbial contamination level in sea buckthorn before and after treatment

Dose [kGy] 0 3 5 10 20 40
Bacterial count, [CFU/ml] 320 260 250 90 0 0
Fungal count, [CFU/ml] 10 10 0 0 0 0

The total number of filamentous fungi has been much more less in comparison to that of
bacteria. Up to 3 kGy no modification could be observed, but after 5 kGy dose no fungi
number was remarked.

Therefore, we observed that both the number of bacteria and fungi decreased with the increase
of dose, being in the accepted limits of Romanian Pharmacopoeia after 3 kGy treatment.

Table 2. Total content of flavonoid derivatives

Dose [kGy] | Flavonoid derivatives [g%]
0 0.582
3 0.540
5 0.483
10 0.480
20 0.426
40 0.305

Total content of flavonoids suffered a decrease after sea buckthorn treatment, slight decrease
up to 5 kGy and accentuated one at doses higher than 20 kGy.

Figure 1 shows the carotenoid levels in sea buckthorn before and after e-beam treatment.
These results suggested that at relative low doses, up to 10 kGy, the carotenoid content is not
affected significantly. But, after treatment with 20 kGy we observed that an important
decrease appeared in the content of carotenoids.

The soluble protein content was not affected by e-beam treatment in the dose range chosen by
us.

Figure 2 shows the variation of antioxidant potential of sea buckthorn as related to e-beam
dose. It was noted a slight decrease of antioxidant potential with the increase of treatment
dose. The SOD value of non-treated sea buckthorn was relative low and it is remarkable that
even at low e-beam dose of 3 kGy this value decreased drastically.
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Fig. 1. Carotenoid content of sea buckthorn before and after treatment
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Fig. 2. Variation of SOD activity with e-beam dose

Conclusion

The study revealed that after treatment with 3 kGy, the sea buckthorn microbial load was
reduced under permissible level according European Pharmacopoeia without important
alteration in active principles up to 10 kGy.
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'Department of Flora and Ecology, Institute of Biological Researches, Academy of Sciences of Albania,
*Department of Crop Production, Faculty of Agriculture, Agricultural University of Tirana

Summary

The area of National Park of Llogora is distinguished for the rich flora. About 1,400 species or 42,4 % of the
Albanian flora inhabit the area. The presence of some endemic, subendemic, relic, rare and threatened species
improves the biodiversity values in this area. There are about 115 medicinal and aromatic plant species grown
in this area; 22 medicinal plants are actually more used in the region. Some of them are affected by the
phenomena of genetic erosion and 20 species of this region are included in the National Red Data Book.

Keywords: Flora, Medicinal plants
Introduction

The National Park of Llogora lies in the Northwest of Cike-Lungare mountain range. Cika

Mountain (2045 m) and the Peak of Qore (2018 m) are the highest peaks of the zone that

gradually get down to the Qaf€ e Llogorasé (1027 m) and the valley of Dukat to Northwest.

The rocks are mostly hard limestone of different age, but in the Eastern part of Sazani island,

valley of Dukat and Jonufer there are small areas with more or less soft schist.

The region has a richer vegetation than any area of comparable size in Albania. A number of

factors that have contributed to this high biodiversity are:

- The flora contains Tertiary species

- The isolation of land masses (island, mountain ranges, etc) as a result of changes in the
sea level. This has resulted in habitat fragmentation, isolation and migration of species.

- The proximity of other floras, especially the Aegean flora from which migration has
taken place.

- The influence of man, which goes back several thousand years and has resulted in
complex mosaic of natural, semi-natural and man-made habitats promoting high
diversity.

The National Park of Llogora (including Massif of Rréz€ e Kanalit, Karaburun Peninsula,

Valley of Dukat, the Sazani island and Orikum Lagoon extends over an area of nearly 300

km?) is characterized by a high diversity of habitats and plant communities such as marine,

lagoons, sand-dunes, coastal rocks, evergreen mediterranean forests or different evolutive
stades of their ( maquis, garrigue, phryganas and mediterranean pseudo-steppes) deciduous
oak forests, coniferous forests dominated by Pinus nigra, Abies borisii-regis, Pinus
leucodermis and alpine pastures. It represent one of the most interesting places of Albania.

The presence of some endemic, subendemic, relic, rare and threatened species improves the

biodiversity values in this area.

The studied region is distinguished for the rich flora incomparable to any other area in the

country. About 1,400 species or 42,4 % of the Albanian flora inhabit the region.

The Mediterranean element is certainly the most widely spread flora in this region, with 439

species or 31,4 % of the total number of the regional flora, which reports on the strong

influence of the Adriatic and Ionian seas on the flora of the region and mainly on the forests
and Mediterranean scrubs (maquis, frigana, etc.).
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Material and methods

The medicinal aromatic plants of the Llogora National Parc will analyse based on releves and
on the data reported in the literature. This analysis will conduct with the support of Flora of
Albania (Paparisto & al.,1984-2000) and Flora Europaea (Tutin & al., 1964-1980). The
nomenclature follow is that by Paparisto in Flora of Albania.

The vegetation releves follow the phytosociological method of Zurich-Montpellier school
(Braun- Blanquet, 1932).

Results and discussion

There are about 115 medicinal and aromatic plant species grown in this area. They have
been used for therapeutic uses since ancient time. First they were used as fresh plants, and
later as extracts and liquids. Except from the historical phases, the use of medicinal plants has
already possed through, these plants are being used widely nowdays under the names:
medicinal plants, medical teas, and medical drugs. The last category which is mainly made up
of dried plants parts serves to prepare the medicaments.

List of medicinal plants of the Park

Acanthus spinosus L.

Ajuga reptans L.

Alkanna tinctoria Tausch.
Alisma plantago-aquatica L.
Alnus glutinosa (L.) Gaerth.
Anacamptis pyramidalis
Anagallis arvensis L.
Arbutus unedo L.

Asparagus officinalis L.
Asplenium trichomanes L.
Althaea officinalis L.

Ammi visnaga Lam.

Apium graveolens L.
Arctium lappa (1.) Willd.
Artemisia vulgaris L.

Bellis perennis L.

Borago officinalis L.
Bryonia dioica Jacquin
Buxus sempervirens L.
Capsella bursa pastoris (L.)M.
Centaurium pulchellum Sw
Centaurium umbellatum Cilib
Ceterach officinarum Lam.&D
Cichorium intybus L.
Colchicum automnale L.
Cotinus coggygria Scop.
Capparis spinosa L.
Ceratonia siliqua L.
Clematis vitalba L.

Colutea arborescens L.
Convollaria majalis L.
Convolvulus arvensis L.
Cornus mas L.
Corydothymus capitatus (L.)
Crithmum maritimum L.
Crataegus monogyna Jac.
Cupressus sempervirens L.
Cynodon dactylon Pers.
Datura stramonium L.
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Daucus carota L.
Dictamnus albus L.
Digitalis lanata L.
Dryopteris filix mas (L.)Sch.

Ecballium elaterium (L.) A.R.

Ephedra distachya L.
Equisetum arvense L.
Echium vulgare L.
Eryngium campestre L.
Eryngium maritimum L.
Foeniculum vulgare Mill.
Fragaria vesca L.
Gentiana lutea L.
Glaucium flavium Crantz.
Glycyrhiza glabra L.
Galega officinalis L.
Hypericum perforatum L
1lex aquifolium L.

Inula viscosa L..
Juniperus communis L.
Juniperus oxycedrus L.
Laurus nobilis L.
Leonurus cardiaca L.
Lycopus europaeus L.
Lotus corniculatus L.
Malva sylvestris L.
Matricaria chamomilla L.

Melilotus officinalis (L.) Pall.

Melisa officinalis L.
Myrtus communis L.
Mercurialis perennis L.
Nasturtium officinale R. Br.
Nerium oleander L.
Ononis spinosa L.
Origanum vulgare L.
Orchis sp.

Papaver rhoeas L.
Plantago lanceolata L.
Plantago major L.

Polygonum aviculare L.
Polypodium vulgare L.
Prunella vulgaris L.
Prunus spinosa L.
Punica granatum L.
Pistacia lentiscus L.
Pistacia terebinthus L.

Rhus coriaria L.

Rosa canina L.

Rubus fruticosus L.
Rubus idaeus L.

Ruta graveolens L.
Ruscus aquleatus L.
Salvia officinalis L.
Sambucus ebulus L.
Sambucus nigra L.
Saponaria officinalis L.
Satureja montana L.
Salicornia herbacea L.
Salix alba L.

Salix fragilis L.

Salix purpurea L.
Sideritis roeseri Boiss.
Smilax aspera L.
Spartium junceum L.
Taraxacum officinale Web.
Tussilago farfara L.
Taxus baccata L.
Teucrium chamaedrys L.
Teucrium pollium L.
Trifolium pratense L.
Urginea maritima (L.) Bak.
Urtica dioica L.

Viola odorata L.

Viola tricolor L.

Viscum album L.
Verbena officinalis L
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Table 1. Medicinal plants which are actually more used in the region

Population Yield

Nr. Albanian name Latin name sizes .
(approx.in ha) (approx. in tons)

1 Murrizi njébérthamésh Crataegus monogyna 595 11
2 Méllagé e egér Malva sylvestris 28 0.8
3 Shtogu i zi Sambucus nigra 50 24
4 Thundérmushka Tussilago farfara 17 1
5 Lavandula Lavandula vera 28 6
6 Kin fushe Centaurium pulchellum 33 2.5
7 Gjethedelli i madh Plantago major 53 5
8 Sherbela Salvia officinalis 953 198
9 Rozmarina Rosmarinus officinalis 58 35
10 | Dafina Laurus nobilis 170 61
11 | Melisa (Barblete) Melissa officinalis 5 0.1
12 | Bishtkali Equisetum arvense 27 2.2
13 | Caji i malit Sideritis roeseri 650 10.9
14 | Lulebasani Hypericum perforatum 38 4.8
15 | Mendra gjethegjaté Mentha longifolia 33 6.9
16 | Njémijéfletéshi Achillea millefolium 26 4.5
17 | Trumza Satureja montana 2929 344
18 | Zhumbricé Thymus serpyllum 57 17
19 | Shéngjini Salvia sclarea 3 4.4
20 | Borziloku Ocimum basilicum 56 80.8
21 | Déllinjé e kuge Juniperus oxycedrus 300 106
22 | Konopica Vitex agnus-castus 12 3.8
23 | Kullumbri Prunus spinosus 15 2
24 | Tréndafil i egér Rosa canina 105 117
25 | Salep Orchis sp. 39 1.4
26 | Luledele Bellis perennis 3 0.1
27 | Gjembgomari Silybium marianum 18 0.3
28 | Rigon i bardhé Origanum vulgare 25 2.8

Threatened Medicinal plant species included in the National Red Data Book” ( Vangjeli

etal., 1995)

Threats facing medicinal plant species in this region are - very similar across the country.
- A largely unmonitored trade

- Destructive harvesting techniques
- Habitat loss and habitat changes

- Over — exploitation

If over — exploitation takes place these impacts may lead to decreasing population sizes,
decrease in genetic diversity and finally to the extinction of the species. An additional impact
in this region has been the deregulation of state-controlled commerce resulting in an increase
of wild-collection.

A wrong practice, for “their forage improvement” in this region (Dukat, Karaburun) are the
illegal burns, especially in so-called “Phrygana” or “Winter Pastures”. This practice has been
conducted for many years. The real damage is a reducing of medicinal plant species
distribution, and vegetation covered these habitats. This practice has also a very bad effects on
soil erosion and increasing of desertification. The uprooting the entire wild plant for
harvesting is another wrong practice in this region. Threats are different, either from their
limited area of distribution, or the threats of their habitats, or the explotation.

The following table (Tab.5) give the list of threatened medicinal plant species by “Red Book™
of Albania (Vangjeli et al., 1995), Degree of threats based in categories of IUCN and
distribution in region.
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Table 2. List of threatened medicinal plant species by “Red Book™ of Albania

(Vanggeli et al., 1995)

Degree
Nr. Plant name of threat Distribution in Region
by IUCN
1 Agrimonia eupatoria E National Park of Llogora
2 Capparis spinosa E Coastal Rocky Places, Vlora Bay
3 Convallaria majalis E National Park of Llogora
4 Colchicum autumnale E Everywhere, From Coniferuous Mediterranean
forests Poro up to 1000 m above sea-level, but
allways very rare
5 Digitalis lanata E National Park of Llogora
6 | Dryopteris filix--mas E National Park of Llogora
7 Ephedra distachya E Coastal Rocky Places, Vlora Bay
8 Gentiana lutea CR National Park of Llogora
9 Hyoscyamus niger E National Park of Llogora
10 | Hypericum perforatum E Everywhere,up to 1000 m above sea-level, but rare
11 | Laurus nobilis E Shrubs of Uji i Ftohté and Sazani island, often
cultivated
12 | Orchis sp. E Everywhere, From Coniferuous Mediterranean
forests Poro up to 1000 -1500 m above sea-level, but
allways very rare
13 | Origanum vulgare E Everywhere, from 0 up to1500 m above sea-
level,mostly in open calcareous places. Collection
every year in a very considerable quantity is the
reason of the high degree of threat
14 | Salvia officinalis E Everywhere, from 0 up to1500 m above sea-
level,mostly in open calcareous places. Collection
every year in a very considerable quantity is the
reason of the high degree of threat
15 | Sambucus nigra E Along mountainous streams of Llogara National
Park
16 | Satureja montana E Everywhere, from 0 up to1500 m above sea-
level,mostly in open calcareous places. Collection
every year in a very considerable quantity is the
reason of the high degree of threat
17 | Sideritis raeseri E National Park of Llogora, Mountains of Qorre and
Cika
18 Valeriana officinalis E National Park of Llogora, rocky places
19 Viscum album E National Park of Llogora, semiparasite, mostly in
trees of the Pinus nigra
20 Adianthum capillus- v National Park of Llogora, in wet and rocky places
veneris

Collection and trade of medicinal plant species

Prior to 1992, trade structure was hierarchically organised. Rural collectors gathered the bulk
of produce, which was collected by local branches, or mobile units, of the district Produce
Collector Enterprises. Another body, the district forestry enterprise, had responsibility for
collecting medicinal and aromatic plant material from cultivated areas and forests. If not for
use within the country, from district level, plant material generally came next under control of
the Agroexport Enterprise.

Nowdays, the majority of medicinal and aromatic plants, being wild-collected in this region
are still sold by rural collectors to the local dealer. From the local trader, plant material pass to
a Vlora District trader, before release onto the domestic market, or to one of the main
companies in Albania involved in international trade in medicinal and aromatic plant material.
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Much of the wild collection of medicinal plants takes place on state lands in the hill and
mountain areas of the region. collection is undertaken by all members of a family, but most
commonly by women within forest villages, together with children (period of school
hollydays), retired people and in some instances stock herders. Medicinal plants collection is
regarded by the inhabitants as a valuable means of supplementing low family incomes.

Legislation

The collection and export of medicinal plants before 90’-ties was controlled by the

governmental instruments. After 90’-ties a number of lows were ratified which made an

important step forward in the field of legislation. The following laws influence directly or

indirectly on the medicinal plants:

- For Protected areas, Law No0.8906, dt.6.06.2002.

- For environmental protection, Law No. 8934, dt. 05.09.2002.

- For forestry and forest service policy, Law No.7623, 1992

- For protection of natural medicinal, aromatic and tanning plant species fund, Law No.
7722, 1993

- About pastures and meadows, Law No. 7917, 1995

All these laws are of considerable importance regarding the protection and sustainable use of

the fond of the natural, medicinal and aromatic plant species. Law no.7722, of the year 1993

considers directly these group of plants of high economic importance, however it needs

further improvements. The natural medicinal, aromatic and tanning plant species are declared

National Property under the Article 1. Every October, the Minister of Agriculture with a

declaration could stop or limited amount of medicinal plants which should be collected or

prohibited during the consecutive year or further on. For that purpose the compilation of a

species list is attached to the decision; Article 4.

Conclusions

Medicinal and aromatic plants play an important role in everyday life in this region; many
people are consuming phytomedicines, herbal teas etc. 20 medicinal and aromatic plants are
included in National Red Data Book.

Harvesting techniques may often exacerbate the threat to medicinal and aromatic plants, by
causing unnecessary levels of damage, as in the cases of Salvia officinalis , where uprooting
of the whole plant to use only aerial parts of the plant causes unnecessary depletion of
population levels of the species, as well as damage to the top-soil.

Habitat changes across most parts of region have also eroded species’population levels. This
implies an urgent need for designating more protected areas in this region, in particular in
those areas with a high biodiversity of medicinal and aromatic plants and in those where
threatened species occur.

The trade has altered from a strictly state-organised and controlled commerce, to one of
privatised competition and associated uncontrolled collection. Harvest from the wild has in
many cases increased as a result of a general decrease in cultivation of medicinal and aromatic
plant cultivation.

Cultivation of medicinal and aromatic plants is a very effective means, if not the most
promising one, to satisfy the market’s expanding demand in future, while reducing or
eliminating pressure on their wild populations. In the case of plant species that are critically
endangered through over-exploitation (Gentiana lutea) this is certainly the only method to
stop their decline and to secure their long term survival, if there is no substitute plant material.
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The trade in medicinal and aromatic plants is huge, largely unmonitored, and that wild-

harvesting predominates. Training of local people dealing with collection of medicinal plants

regarding these issues is very important

Public awareness of the trade in medicinal and aromatic plants and the impact on wild-

populations of plant species is slight. It is highly likely that many uses are unsustainable and

hence threatening taxa. Lack of data for assessment of the conservation status of species is

resulting in delayed protection measures: conservation action has usually only begun once it

is known that a species is already threatened. Public awareness and educational material

should be developed to inform government authorities, traders, phytopharmaceutical

companies, scientists, collectors, cultivators and consumers on threats facing specific

medicinal and aromatic plant species in trade and on the legal status of the plants in use.

Some others duties:

- Legislation enforcement, particularly for rare and threatened medicinal plant species

- There is a particular need to produce a simple brochure describing sustainable harvesting,
the most effective drying conditions etc. for collectors and middlemen

- A periodical monitoring, based on indicators techniques and scientific criteries, aiming
given the right recomendations to the governmental authorisation

- Further research should be carried out on medicinal and aromatic plants exploited in
order to improve knowledge of trade volumes and structures, source countries, and the
impact on their wild populations.
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Summary

The “Napoca” cultivar (Echinacea pallida Nutt.) has been created at U.S.A.M.V. Cluj-Napoca through repeated
mass selection from echinacea that had been imported to our country and studied in yield trials (with the
temporary name of CN 11/992).

Keywords: Echinacea pallida Nutt., Napoca echinacea cultivar, mass selection
Introduction

The biologic factor (cultivar, hybrid, population) and the cultural value of the breeding
material, together with ecological and technological factors are conditions for good
productivity and good quality of the raw material of the medicinal and aromatic plants. Many
valuable medicinal and aromatic plant cultivars have been created in Romania, in others there
are a lot of cultivars that are cultivated but there are also a lot of medicinal plants which are
only represented by local populations or cultivars (1,2,3,7)

Therefore, especially in the case of the plants only represented by local populations, it is
necessary that more research should be done in order to create new cultivars. The main
objectives of the breeding programmes for these plants refer to the production level, the
quality of the raw material (the content of active principles), the uniformity of the material
and its technological maturity, the capacity to adapt and resist factors such as diseases, pests,
falling, excessive cold or drought etc., the processing of the raw material etc. (2, 3, 7 etc.)
Starting with 1993, the Research Centre for Hop and Medicinal Plants- USAMYV Cluj-Napoca
has also initiated breeding programmes, along with the research on the biotechnologies and
the crop technology used for medicinal and aromatic plants

Material and methods

This paper presents the first Romanian cultivar of Echinacea pallida Nutt — ,,Napoca”, created
by the Research Centre for Hop and Medicinal Plants- USAMV Cluj-Napoca. This species
has been used for obtaining very important medical products which enhance the immunity
system by mobilizing the leucocytes, by increasing the activity of the phagocytosis, by
inhibiting virus multiplication. It is used as raw material for obtaining anti-virus,
imunostimulents, antitumorale.products etc (3, 4, 8).

Results and discutions
The Napoca cultivar- the first Romanian Echinacea pallida Nutt.cultivar, tested in the

network of the National Institute for Cultivar Testing and Certificating (at Cluj-Napoca and
Dej), in 2004 and 2005.
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Sistematycs - The *Napoca’ cultivar( Echinacea pallida Nutt) has been created at U.S.A.M.V.
Cluj-Napoca through repeated mass selection from Echinacea that had been imported to our
country and studied in yield trials (with the temporary name of CN 11/992) (4, 5, 6).

The biologic material used for obtaining the Napoca cultivar was presented from the morpho-

physiological point of view, as well as from the point of view of the content of active

principles in our former papers. (4, 5, 6).

Stages of the breeding programme. The breeding of this plant was initiated in 1992 by the

Research Centre for Hop and Medicinal Plants- USAMV Cluj-Napoca and was then

developed after 1995 (4). In 2004 and 2005, the Napoca cultivar was registered in the network

of the National Institute for Cultivar Testing and Certificating (at Cluj-Napoca and Dej), in
order to obtain the certificate for national recognition in the official list of cultivars.

The main morpho-physiological, productivity and quality features of the ‘Napoca’ Echinacea

pallzda Nutt. cultivar (5, 6) and fig. 1:

The vegetation period. It is a semi late cultivar, with a vegetation period of 134-145 days
in the second and third years; in the first year the root system is formed, and also a leaf
rosette and flower stems with a reduced number of flowers, the complete flowering only
beginning in the second year of vegetation;

- The root. It has got a tap root, with 1-3 vertical gray-brownish main roots (which are the
actual raw material, harvested in the years 2-3);

- The part above the soil looks like a bush

- Stems are 80-120 cm long, sometimes with branches, 6-8 mm thick, with 8-12 internodes,
the last one being 30-40 cm long, ended with a inflorescence;

- The leaves from the rosette are linear lanceolate with a petiole of 8-18 cm length, with a
blade of 8 cm length and 3-6 cm width, with three nervures on the dorsal side;

- The inflorescence is ovoid, thorny when dry with involucral leaflet at the bottom (in two
rows), conical receptacle (1,5-2 cm high, with a diameter of 2-3 cm); the ray flowers are
pink-violet in colour, sterile (5-8 cm length and 2-5 mm in width); the disc flowers are
tubular, orange and hermaphrodite (4-6 mm in length). The flowering takes place in July-
August, pollination is made by insects;

- The fruit is a sided achene, 2-4 mm in length, whitish with rudimentary pappus;

- The whole plant is covered with rough hairs, 1.8-2 mm long (made of 3-5 cells), wider-
bottomed and narrow-ended, that give rigidity to the plant.

- The raw root yield is of 4,5-5,2 t/ha (1,3-1,5 t/ha when dry);

- The content of active principles is high: imunostimulent polysaccharides (6,1-6,4 g %),
phenil-propanic derivates (0,5 — 0,6 g %), volatile oil (0,9-1,2 ml/100g) etc., which
enhance the immunity system (by mobilizing the leucocytes, by increasing the activity of
the phagocytosis, by inhibiting virus multiplication), the raw material being used for
obtaining anti-virus, imunostimulent, antitumorale products etc.

Area. The “Napoca”cultivar of Echinacea pallida Nutt. is recommended to be cultivated in

Transylvania (all areas), using plantlets obtained from the seed with high biological and

cultural value produced by the Research Centre for Hop and Medicinal Plants- USAMYV Cluj-

Napoca
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Fig. 1. The “Napoca”cultivar of Echinacea pallida Nutt.:
a. plants during the flowering period; b. roots; c. stems; d. inflorescence
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Keywords: ecophysiology, medicinal plants, pigments, mineral elements, active substances
Introduction

Medicinal plants have been the subject of many phytochemical, agro-biological, and
pharmaceutical studies, and many botanists from our country dealt with their study,
distribution, and introduction in botanical gardens (Barca C., 1981; Dobrescu C., 1984;
Gheorghita G.,1979; Toth — Tiinde Ecaterina, 2003).

According to many biochemical and physiological investigations, numerous Romanian
spontaneous species would successfully replace foreign vegetal products, due to their high
contents in active substances (Stratu A., 2002; Robu T., 2002, 2004; Milica C., 2001; Toth E.
2003; Toth — Tiinde Ecaterina, 2003; Burzo 1., 2005). During the last years, the
interdisciplinary and complex investigation of the natural and disturbed forests from
Moldavia have gained momentum in order reveal on ecophysiological bases the
phytocoenological bioproductive potential and the biochemical and physiological changes
(Murariu A 2002,2003).

This research aims to show the physiological behaviour of some medicinal plants from
Balteni natural reserve, through the determination of the contents in water, dry substance,
assimilatory pigments, and total mineral elements.

Material and methods

The representative characteristics of Balteni natural reserve is the presence of the shrub
Evonymus nana — a glacial relict discovered at the beginning of the past century by I. C.
Constantinescu — and other species such as Leucoyum aestivum, Iris graminea, Tulipa
biebersteiniana, Fritilaria Montana, Ulmus laevis (Chifu 2002). Together with these rare
species, unique for the vegetation of Moldavia, grow numerous medicinal plants, some of
which make the object of our study: 7Tilia tomentosa, Rosa canina, Sambucus nigra, Achillea
millefolium, Hypericum perforatum, Urtica dioica, Lamium album, Geum urbanum, Galium
verum, Tussilago farfara, Consolida regalis, and Matricaria chamomilla.

The vegetal material, consisting of leaves, was sampled during June and July, 2004. The fresh
leaves were weighed and dried (105 °C) for the assessment of the contents in free water and
relative dry weight.

The assimilatory pigments were extracted from leaves with acetone 85 % in the presence of
CaCOs;. Subsequently, the extract was cleared through filtration. The identification of the
pigment components was carried out with a spectrophotometer (wavelengths: 663 nm for
chlorophyll a, 645 nm for chlorophyll b, and 427 nm for carotenoids).

The total mineral elements were investigated through the ash analysis resulted from the
incineration of the dry vegetal material at 450 °C
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Results

The research regarding the contents in water, dry weight, pigments, and mineral elements of
the leaves, revealed certain differences among the analysed species, which are both
taxonomically and ecologically dissimilar (Table 1.).

Table 1. Ecological Characteristics towards edafic and climatic factors

Species Famil So.il. u Sqil. Exigencies of light and
P Y trophicity P humidity temperature

Tilia tomentosa Moench | Tiliaceae 3 3-4 3(4) he,st
Rosa canina L. Rosaceae 3 3-4 (1)2-3 he,hs
Sambucus nigra L. Caprifoliaceae 3 2-4 3-4 he,hs
Achillea milllefolium L. Compositae 2-3 2-3 2-4 he

Hypericum perforatum L. | Hypericaceae 1 2-4 2-3 he

Urtica dioica L. Urticaceae 3 (N) 2-5 3-4 he,hs
Lamium album L. Labiatae 3 (N) 2-4 3 he,hs
Geum urbanum L. Rosaceae 3 2-4 2-4 he,hs
Galium verum L. Rubiaceae 1 2-4 2 he

Tussilago farfara L. Compositae 2-3 2-3 3-4 he

Matricaria chamomilla L. | Compositae 2 2-3 3 he, st
Consolida regalis L. Ranunculaceae 3 4 2 he, tf

The data show that the analysed species are highly tolerant to edafic factors and relatively not
very demanding with regard to the climatic factors. Most of the species are heliophilous
(helio-sciaphilous) and sub-thermophilous, with an ecological optimum in biotopes
sufficiently lit during the active growing period.

The forest vertical stratification is primarily influenced by light intensity which decreases
from top to bottom. In these conditions, the heliophilous species from the top storey had the
cytoplasm less hydrated (58 % in Rosa canina, Tilia tomentosa) because of the intense
transpiration; whereas the helio-sciaphilous and sciaphilous species from the storeys
underneath the canopy had the cytoplasm more hydrated (65 — 80 % in Lamium album and

Tussilago farfara, Table 2.).

Table 2. Physiological particularities in some medicinal plants from Balteni forest.

Assimilatory pigments (mg/g fresh matter)

Dry weight %

Species
Water %

Chlorophyll a
Chlorophyll b

Carotenoids

Total

Mineral elements %

(atb)/c

(after

substances
Burzo, 2005 and Murariu

Organic matter %
1991)

Active

58.23 41.71

Tilia
tomentosa

0.64 3.60

2.32

4.62 7.77

Flowers
(essential oils,
phenolic acids,
mucilage,pigme
nts,flavonoids,
saponins)

34

58.94 41.06

Rosa canina

2.51

0.88 4.96

1.59

4.63 | 5.68

Fruits (tannins,
ascorbic acids,
carotenoidicand
flavonoidic
pigments,
organics acids)

35.38

Section |

179



4th Conference on Medicinal and Aromatic Plants of South-East European Countries

Leaves
©“ (phenolic
3 acids,tannis,
3 | 7462 25.38 1.75 0.67 0.52 2.94 2.61 | 4.65 | 10.80 14.58 essential
§ §0 oils,
“ = alkaloids)
Inflorescentand
s leaves (inulin,
N alkaloids,
S Te\ 76.17 23.83 1.43 0.55 0.40 2.38 2.60 | 495 | 11.64 12.19 vitamins,essenti
= =] al oils, tannins,
3 \g resins, mineral
~ elements)
Resins,
tannins,
ascorbic
§ § acids, cafeic
E ‘§ 58.58 41.42 1.66 0.64 0.64 2.94 2.59 | 3.59 | 13.96 27.46 acids,essenti
&Q al oils,
s 3 carotenoidic
S pigments
Folium (steroli,
minerals
elements,,
3 8 65.82 34.18 2.37 0.94 0.71 4.02 2.52 | 4.66 | 19.45 14.73 ascorbic acids,
£33 pigments,
SIS

phenolic acids).

Flavonoids,
mucilage,
s saponins,tannin
2 § 65.40 34.60 1.78 0.66 0.56 3.00 2.64 | 435 | 17.15 16.46 s,essential
§ = oils,glucosidevi
~ oS tamins
(Tannins,
§ essential  oils,
S 5| 56.28 43.72 1.14 0.64 0.38 2.16 1.78 | 4.68 | 17.69 26.03 cafeic  acids,
S} < starch, rafinose)
O 3
Tannins,
= organic  acids,
3 § 49.65 50.35 1.31 0.55 0.41 2.27 238 | 453 | 8.60 41.75 coumarin,
RS
I
Leaves
(tannins,
S mucilage,
§° ~/| 80.00 20.00 1.00 0.41 0.30 1.71 243 | 470 | 16.24 3.76 alkaloids,
5 é plgmejnts,'
S 5 steroli, mineral
~ elements)
St Flowers
S 5 66.22 33.78 1.26 0.53 0.40 221 237 | 426 | 11.89 21.89 (glucoside,alkal
s oids)
O s
Fowers
3 § (essential oils,
§ § steroli,
S § 68.62 31.38 0.71 0.32 0.22 1.25 221 | 468 | 13.13 18.25 glucoside,vitam
§ % ins, pigments)

Although there is no positive relation between the quantity of the assimilatory pigments and
the intensity of the photosynthesis, the quantity of pigments in heliophilous species of the tree
storey is high (3.60 — 4.96 mg/g of fresh matter) which is necessary for the intense metabolic
processes during summer. Consequently, in this season occurs the maximal accumulation of
organic matter (81 — 86 %).
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In herbaceous species, the ratios between the pigment components (a/b and (a+b)/c) are good
indicators of the individual reaction to light. The value 1.78 of the a/b ratio shows a high
receptivity of the chlorophyll a in Geum urbanism, whereas the decrease of the chlorophyll b
results in high values in Lamium album (2.69), Achillea millefolium (2.60), Hypericum
perforatum (2.59), and in Urtica dioica (2.52).

Regarding the ratio (a+b)/c, the individual differences among the woody species are less
obvious (4.62 — 4.65), whereas in herbaceous species, despite the variability of chlorophylls
(1.03 — 3.31 mg/g of fresh matter), the high quantities of the carotenoids (0.4 — 0.7 mg/g of
fresh matter) significantly modifies the ratio value (4.26 — 4.95).

The knowledge of the mineral composition of the medicinal plants is particularly important
for their role in the mineral nutrition of the forest plant community and for their better
pharmaceutical usage.

The overall quantitative analysis revealed high values in herbaceous species (11.64 % in
Achillea millefolium and 19.45 % in Urtica dioica). The substantial reduction in Rosa canina
(5.68 %) proves an intense physiological activity in which the mineral elements are used in
the synthesis of the organic matter (86 % of the dry weight).

The richness in active substances (vitamins, carotenoids) and secondary substances (phenols,
volatile oils, terpens, alkaloids, and tannins) of leaves, flowers and fruits is responsible for
therapeutic proprieties of these plants, which are being used in the naturist medicine.

Conclusions

Although the complex of ecological factors does not have a constant effect on the community
composition, the quantitative differences regarding the contents in water, dry weight,
pigments, and mineral elements of the leaves reveal the genetic variability of the investigated
populations.

Depending on the light intensity, the heliophilous species display lower water contents of the
cytoplasm because of the intense transpiration during summer.

In herbaceous species, the shadow maintains the higher hydration status of the leaves, because
of the transpiration reduction and the quantity of the chlorophylls is strongly related with the
progress of the biochemical processes in leaves, during bloom phenophase.

With regard to the investigated physiological indices and given the pedo-climatic conditions
of Balteni forest, the most valuable species are: Tussilago farfara (80 % water), Galium
verum (50.35 % dry substance and 41.75 % organic matter), Rosa canina and Urtica dioica
(4.96 and 4.02 mg total assimilatory pigments of which the chlorophylls have the highest
proportion — 4.08 and 3.31 mg respectively), Tilia tomentosa and Hypericum perforatum
(0.64 mg carrotenoids), Urtica dioica and Geum urbanum (mineral elements — 19.45 % and
17.69 % respectively).
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COMPARATIVE INVESTIGATION OF ORGANIC CHAMOMILE PRODUCTION
IN DIFFERENT AGRO-ECOLOGICAL REGIONS OF GREECE AND SERBIA

Nastovski Lj. Tatjana', Chatzopoulou S. Paschalina’, Radanovi¢ S. Dragoja', Koutsos V.
Theodoros’

'Institute for Medicinal Plant Research ,,Dr. J. Pani¢“, Tadeusa Ko$éuska 1, 11000 Belgrade, ’NAGREF,
Agricultural Research Centre of Macedonia & Thrace, Department of Aromatic and Medicinal Plants, P.O. Box
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Summary

The organic model of cultivation of the Serbian chamomile (C. recutita (L.) Rausch) cv "Banatska", and essential
oil yield was monitored throughout field experiments conducted in Serbia and Greece. Average yield of dry
chamomile flowers obtained in Serbia was 778 kg/ha and in Greece was 767 kg/ha. The average content of
essential oil in dry chamomile flowers in Serbia was 0,34 % and in Greece was 0,44 %.. The results showed that
the content of essential oil appeared to be significantly higher in chamomile cultivated in Greece.

Keywords: Chamomile, agro-ecological regions, organic fertilization
Introduction

Chamomile [Matricaria chamomilla L. syn. Matricaria recutita (L.) Rauschert and
Chamomilla recutita (Franz, 1993)] is a herb grown for its flowers, which are dried and used
as a medicinal tea, as well as for essential oil production. It can be cultivated successfully
with adequate quality of the drug in tropical areas of Ethiopia up to Central Europe (Letchamo
and Vomel, 1992). Because the crop is new to Greece aspects of production require further
research, especially the adoption of organic cultivation of this crop in the near future in both
countries. In Italy for instance the half of chamomile production is produced through
principals of organic farming (Vender, 2004).

The aim of this project was to study the performance of dry drug and oil yield of chamomile
in different agro-ecological factors, as they are in Serbia and Greece, cultivated according to
organic farming principals.

Material and methods

The cultivar tested was the Serbian "Banatska" (selection of the Institute for Medicinal Plant
Research "Dr. Josif Panci¢", Belgrade). Sowing was done in fall as chamomile needs to be
sown as early as possible to ensure adequate growth before it commences flowering (Falzari,
and Menary, 2003). Particularly, in Serbia was conducted on 05.10. 2004 (Graph 1), at rate 10
kg/ha and in Greece during the period 1-7.11.2004 (Graph 2), at sowing rate 6 kg/ha.

Field experiment in Serbia was conducted under dry farmyard conditions, in vicinity of
Pancevo, (South Banat, Serbia), located at 81 m a. s. 1., latitude 44°y, 52', 20" and longitude
20°, 42', 25". Soil type is chernozem, on loess, of loamy-clay texture (ca. 35% clay), pH =
7.1, moderately supplied with humus and phosphorous and rich in potassium. The
temperature and precipitation conditions of Pancevo are presentd in Graph 1. In the
experiment the following variants of chamomile fertilization were tested:

1. Organic fertilization with cattle FYM — at 50 m’ / ha rate

2. Mineral N at 30 kg/ha rate

3. Control treatment — without fertilization

FYM was incorporated in soil in August 2004., during plowing. Nitrogen mineral was applied
as a top dressing in ammonium-nitrate form, by beginning of April 2005. The field was
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previously cultivated with St. John’s Wort the production of which was conducted in two
years period without any application of fertilizer (period of conversion). Basic soil tillage was
done in August, while the pre-sowing soil preparation took place in September, 2004.
Additional care measures, except for the application of Nitrogen manure on variant 2, were
not performed. A single harvest at full blossom stage was conducted on 24" May, 2005. All
measurements were taken in 4 replications.

In Greece overall experimental approach to this project was a small-scale pilot field trials. In
November of the year 2004 four experimental cultivations of chamomile were installed: two in
Macedonia [Thermi (located at 5 m a. s. 1., latitude 40°y, 31' and longitude 22°g, 58'"). and
Kalindria), one in Thessaly (Stefanovikio) and one in Sterea Hellas (Ag. Konstatinos). The
temperature and precipitation conditions of Thermi are presentd in Graph 2. Basic soil tillage
of the fields was done during summer, while the pre-sowing soil preparation took place in late
October, 2004 just a week before sowing. The locations in Ag. Konstantinos, Stefanovikio and
Thermi were fertilized with commercial organic fertilizer Agrobiosol (70-80% organic matter,
N 6-8%, P,05 0.5%, K,O 0.5%) at rate 500 kg/ha and Acidam AVC 50 (50% element S and
10% element C) at rate 500 kg/ha. Both applied a week before sowing and they certified by
official organizations, which certify organic farming in Greece. In table 1, the soil analysis of
these locations are presented

Table 1. Soil texture and chemical analysis of three locations in Greece

depth Soil pH free Organic | P (Ols.) | K B Ca Mg
(0-30cm) texture | 1:1 CaCO; | matter % | ppm ppm | ppm | /100g | /100g
Thermi SCL 7.73 | 2.64 1.43 44.57 520 10.57 | 2.47 |0.36
Stefan. CL 7.69 | 15.8 1.40 7.96 180 | 0.68 | 4.93 | 0.85
Ag. Kon. SCL 7.65 | 15.0 1.07 8.44 260 | 0.57 | 4.28 | 1.21

In the cultivation of Kalindria no fertilizer or manure were applied but the field was
uncultivated the previous year. A single harvest at full blossom stage was conducted in all
fields during the first half of May. Particularly, on 5™ May in Ag. Konstantinos 6™ May in
Thermi and on 13™ May in Stefanovikio and Kalindria. To obtain essential oil yield, three
samples of dry flowers of each locality were steam distilled for four hours.

Results and discussion
The yield of dry chamomile flowers in the first harvest (24. 05.2005) was presented in table 1.

Table 2. The yields of dry chamomile flowers under different fertilization treatments

Fertilization treatments Yield of dry chamomile flowers
kg/ha %
Cattle FYM - 50m’/ha 778,4 178,8
Mineral N manure - 30 kg/ha 586,8 134,8
Control (no fertilization) 435,3 100
LSD 5% 197,00

The highest average yield of chamomile was obtained in treatment with FYM in the first year
following the application (interval of variation between replications being 725-931 kg/ha).
The lowest yield was, as expected, in control treatment, while the treatment with mineral
Nitrogen fertilization gave the increase of the yield half less in comparison to increase of yield
obtained with FYM treatment. Since it is well-known that chamomile is not demanding crop
regarding mineral nutrition (Bomme und Nast, 1998), it is obvious that the increased
biological activity of the soil caused by application of FYM significantly improved
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water/air/heating soil regime. This brought about noticeable better and faster plant
development during cold winter months and early spring days, what consequently resulted in
higher chamomile flower yields.

Content of essential oil in chamomile flowers was presented in table 2.

Table 3. Content of essential oil in chamomile flowers under different fertilization treatments.

Essential oil from dry chamomile flowers
Fertilization treatments (%)
% Interval of variation
Cattle FYM - 50m’/ha 0,340 0,27 - 0,41
Mineral N manure - 30 kg/ha 0,247 0,21 -0,29
Control (no fertilization) 0,298 0,24 - 0,35

Chamomile plants in FYM treatment contained the highest percentage of essential oil, what
reinforces already positive impression about the FYM treatment efficacy on chamomile yield.
In treatment with mineral nitrogen, the content of essential oil in chamomile flower was the
lowest, what points out on potentially harmful effects that imbalanced nutrition (nutrition with
N only) may have on quality of chamomile flower.

Average yield of dry chamomile flowers obtained in Serbia was 778 kg/ha (ranging 725 — 931
kg/ha) and in Greece from 4 localities was 767 kg/ha (ranging 615 — 1027 kg/ha). The average
content of essential oil in dry chamomile flowers cultivated in Serbia was 0,34 % (ranging 0,27
—0,41%) and in Greece was 0,44 % (ranging 0,32 — 0,65%).

In Greece the average yield of dry chamomile flowers, estimated from 4 localities data, was 767
kg/ha. The yield of dry chamomile flowers and essential oil of each locality are presented in
Table 4. The yield of flowers in both countries was similar except for the locality of Thermi
where the yield of dry chamomile flowers was more than 1000 kg/ha. Falzari and Menary
(2003) also reported yield of about a ton/ha. In Kalindria locality, where no fertilizer of any
kind was applied but was uncultivated the previous year, the yield of dry chamomile flowers
and essential oil obtained, pronounces the importance of a year rest field for soil fertility,
which was the usual practice of traditional farming enhancing soil fertility. The differeces in
essential oil yield between the two countries, even if the data defy statistical analysis, are
obvious and might be attributed to climate differences. Annual temperature and precipitation
data of Thermi locality (representative of Greek climate) (Graph 2) and the respective data of
Pancevo (representative of Serbian climate) (Graph 1) have big differences. In Greece the
winter is milder than Serbia and the annual precipitation is almost the half as much as in
Serbia. It seems that these conditions are favorable for high oil yield.

Table 4. Yield of dry chamomile flowers and essential oil in four localities in Greece

. : Essential oil from dr
Localities Yield of dry chamomile flowers chamomile flowers ("};)
kg/ha fresh/dry % %
Thermi 1027 24.00 0,35
Stefan. 615 30.00 0.33
Ag. Kon. 675 30.95 0.34
Kalindria 750 33.00 0.65
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Graph. 1. Diagram of 10 days average temperature and precipitation for locality of Pancevo,
South Banat, Serbia.
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Graph. 2. Diagram of 10 days average temperature and precipitation for locality of Thermi
Macedonia Greece.

In conclusion, the results showed that between two tested agro-ecological regions (Serbia and
Greece), there are no significant differences regarding the obtained yield of dry chamomile
flowers but the content of essential oil appeared to be significantly higher in chamomile
cultivated in Greece.
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RESEARCH REGARDING THE CORRELATION BETWEEN TOTAL LIPIDS
CONTENT AND BIOSYNTHETIC CAPACITY AT DIFFERENT ALKALOID TYPES
STRAINS OF CLAVICEPS PURPUREA SCLEROTIA

Olteanu Zenovia', Surdu Stefaniaz, Maria Magdalena Zamfirache', Truta Elenaz,
Cojocaru Sabina', Bilba Cecilia'
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Summary

In this paper we present the results concerning the correlation between total lipids content and biosynthetic
capacity expressed by total alkaloid content. We have analysed ten dried Claviceps purpurea sclerotia of
ergotamine and ergocristine types, harvested from rye artificial infected. At ergotamine strains the total lipids
amount is higher than the ergocristine strains, behaviour that is not present at the biosynthetic capacity. We find
also that the ergotamine strains studied present a higher weight than the ergocristine type.

Keywords: Claviceps purpurea, alkaloids, lipids, biosynthetic capacity,
Introduction

The interest in ergot alkaloids is great because theirs derivatives that are potentially
therapeutic agents for parkinsonian, acromegaly, amenorrhea-galactorrhea, suppression of
postpartum lactation, treatment of breast cancer and possibly cancer of the prostate, migraines
and the symptoms associated with them, ortostatic circulatory perturbations, senile cerebral
insufficiency, hypertension as well other affections in which their antibacterial, hipolipemic
and immune-regulator effects are studied (DESAI J.D. at al. , 1983; SURDU et al., 2005).
The lipid metabolism is associated with alkaloid biosynthesis because the common precursor
acetyl-CoA. The literature mentions that lipid accumulation, products of primary metabolism,
parallels alkaloid yield in some cases (there is no evident competition for their synthesis) or,
the amount of fatty acids increases until the beginning of alkaloid biosynthesis in other cases.
In the last case, after the release of alkaloids biosynthesis process the total lipids content is
approximately constant. More, it is considered that the presence of lipids inclusion is typical
of strains capable to produce alkaloids (SURDU S. et al.).

Some researches results substantiate that a common regulatory moment or moments
participates in the synthesis of alkaloids and lipids. The main components of the lipids are
linoleic acid, palmitic acid, oleic acid and in small amounts palmitoleic acid, stearic acid and
ricinoleic acid.

Generally, the strains of Claviceps purpurea have different biosynthetic alkaloid capabilities
and predominantly produce a certain peptide alkaloid.

Materials and methods

The biological material is represented by ergotamine and ergocristine type dry sclerotia
harvested from Ergo race autumn rye plants artificially infected with conidia suspension of
Claviceps purpurea obtained in submerged cultures. There have been used five strains of each
alkaloid type.

For total alkaloid amount determination, the Rumpel method has been employed (RUMPEL,
W., 1955). It consists of alkaloids extraction with a methanol solution of tartaric acid and
extract purification with zinc acetate. The extract reacts with the sulphuric solution of p-
dimethylaminobenzaldehyde, forming a blue compound, measurable by photoelectric
colorimeter.
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For total lipids determination we used the method described by Soxhlet, the most commonly
used example of a semicontinuous method applied to extraction of lipids. According to the
Soxhlet’s procedure, oil and fat from solid material are extracted by repeated washing
(percolation) with an organic solvent, usually hexane petroleum ether or ethyl ether under
reflux in a special glassware (ARTENIE V., TANASE E., 1981).

The results reported here are average values from three independent determinations and have
been statistically processing.

Results and discussions

The mature sclerotia, harvested from Ergo race autumn rye plants, was dried at 50°C until
constant weight. The strains utilised have been conventionally noted, after the predominant
alkaloid, T1, T2, T3, T4, T5 and S1, S2, S3, S4, S5 for ergotamine (T) and respectively
ergocristine (S) types.

The total alkaloid content from the first harvest of ergocristine and ergotamine sclerotia is
presented in table 1.

Table I. The total alkaloid content CAT) of ergosristine and ergotamine type Claviceps
purpurea sclerotia

Crt. No. Strain type CAT(g%)
1 S1 0,64
2 S2 0,67
3 S3 0,69
4 S4 0,70
5 S5 0,72
6 T1 0,61
7 T2 0,61
8 T3 0,68
9 T4 0,75

10 TS 0,79

The data were statistically analysed for both alkaloid types (table II).

Table II. Statistical analysis of total alkaloid content of ergocristine and ergotamine type
Claviceps purpurea sclerotia

I(\:Ii)t Statistical indicator Ergocristine strains Ergotamine strains
1 Mean 0,684 0,688

2 Standard error 0,013638182

3 Median 0,69

4 Mode #N/A #N/A

5 Standard deviation 0,030495901 0,081363382
6 Sample variance 0,00093 0,00662

7 Kurtosis -0,003468609 -2,379450717
8 Skewness +0,542995584 0,270688958
9 Range 0,08 0,18

10 Minimum 0,64 0,61

11 Maximum 0,72 0,79

12 Sum 3,42 3,44
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13 Count

5

5

14

Confidence level (95%)

0,037865741

0,101026192

The standard deviation’s little values indicate the fact that the data are homogenous around

mean values.

We have tested the hypothesis if the total alkaloid content is the same at ergocristine and

ergotamine strains in the case of a 95% confidence level (table III).

Table III. t-test for CAT at ergocristine and ergotamine strains

Iirc:' Statistical indicator Ergocristine strains Ergotamine strains
1 Mean 0,684 0,688
2 Variance 0,00093 0,00662
3 Observations 5 5
4 | Hypothesized Mean Difference | 0
5 df 5
6 |t Stat -0,102937003
7 | P(T<=t) one-tail 0,461007024
8 | t Critical one-tail 2,015049176
9 | P(T<=t) two-tail 0,922014049
10 | t Critical two-tail 2,570577635

The tested hypothesis indicates the fact that the total alkaloid content is the same indifferent

the tested strain alkaloid content.

The results of total lipids determinations are presented in table IV.

Table I'V. The total lipid content of ergocristine and ergotamine type Claviceps purpurea

In the total lipids determination there are not errors (table V) and we tested further on the
hypothesis of the 4g difference between the ergocristine and ergotamine type strains in the

sclerotia

Crt. . . o
No. Strain type Total lipids (g%)

1 S1 31,46

2 S2 39,00

3 S3 32,41

4 S4 41,26

5 S5 32,74

6 Tl 36,35

7 T2 35,84

8 T3 41,63

9 T4 41,35

10 T5 40,94

case of 95% confidence level (table VI)
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Table V. Statistical analysis of the total lipid content of ergosristine and ergotamine
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type Claviceps purpurea sclerotia

Crt. No. Statistical indicator Ergocristine strains Ergotamine strains
1 Mean 35,374 39,222
2 Standard error 1,985390642 1,283835659
3 Median 32,74 40,94
4 Mode #N/A #N/A
5 Standard deviation 4,439468437 2,870743806
6 Sample variance 19,70888 8,24117
7 Kurtosis -2,422744943 -3,183416241
8 Skewness 0,701549855 -0,593565729
9 Range 9.8 5,79
10 Minimum 31,46 35,84
11 Maximum 41,26 41,63
12 Sum 176,87 196,11
13 Count 5 5
14 Confidence level (95%) 5,512339546 3,564506615

Table VI t-test for total lipid content at ergocristine and ergotamine strains

Iilz Statistical indicator Ergotamine strains Ergocristine strains
1 Mean 39,222 35,374

2 Variance 8,24117 19,70888
3 Observations 5 5

4 Hypothesized Mean Difference 4

5 df 7

6 t Stat -0,064289093

7 P(T<=t) one-tail 0,475268717

8 t Critical one-tail 1,894577508

9 P(T<=t) two-tail 0,950537434

10 t Critical two-tail 2,36462256

The tested hypothesis indicates that total lipid content is different for the two analysed
alkaloid types. The mean difference between ergotamine and ergocristine types is 4g.

To find weight average we have considered 20 sclerotia for each determination. The results
are presented in table VII.

Table VII The weight of ergocristine and ergotamine type Claviceps purpurea sclerotia

Crt. No. Strain type Weight (g/sclerotium)
1 S1 0,05718
2 S2 0,04078
3 S3 0,05600
4 S4 0,07625
5 S5 0,06718
6 Tl 0,09379
7 T2 0,07388
8 T3 0,09393
9 T4 0,07444
10 TS 0,07375
We have statistically analysed the results and we have concluded the

homogeneousness around the mean:
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Table VIII Statistical analysis about the weight of ergocristine and ergotamine type
Claviceps purpurea sclerotia

Crt. No. Statistical indicator Ergocristine strains Ergotamine strains
1 Mean 0,061268 0,081958
2 Standard error 0,00466824 0,004860405
3 Median 0,05718 0,07444
4 Mode #N/A #N/A
5 Standard deviation 0,10438502 0,010868195
6 Sample variance 0,000108962 0,000118118
7 Kurtosis -0,630480519 -3,329126646
8 Skewness 0,668844587 0,606094432
9 Range 0,02647 0,02018
10 Minimum 0,04978 0,07375
11 Maximum 0,07625 0,09393
12 Sum 0,30639 0,40979
13 Count 5 5
14 Confidence level (95%) | 0,012961139 0,013494675

We have tested the hypothesis that the indicator has comparable values at ergocristine
and ergotamine strains with a 95% confidence level (table IX).

Table IX t-test for the weight of ergotamine and ergosristine type Claviceps purpurea

sclerotia
Crt. No. Statistical indicator Ergocristine Ergotamine strains
strains
1 Mean 0,061278 0,081958
2 Variance 0,000108962 0,000118118
3 Observations 5 5
4 Hypothesized Mean Difference | 0
5 df 8
6 t Stat -3,068641142
7 P(T<=t) one-tail 0,007689791
8 t Critical one-tail 1,85954832
9 P(T<=t) two-tail 0,015379583
10 t Critical two-tail 2,306005626

The test’s results indicate that the ergocristine sclerotia weight is different from ergotamine
sclerotia weight in favour of ergotamine type.

Conclusions

The alkaloids and lipids have common precursors and parallel biosynthetic way for these
compounds. Our study praise that at comparable biosynthetic alkaloid capacity ergotamine
strains has a total lipid content higher than ergocristine strains. In concordance with these
results is the weight of ergotamine and ergocristine type Claviceps purpurea sclerotia which
is also higher at ergotamine type.
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Summary

A survey of the medicinal plants — a valuable natural resource of Romania, the tradition of their preparation,
use and processing as well as the analysis of the industrial dimension of this activity is presented. Special
attention was focused on the scientific results and the previous trade success, registered before the collapse of
communism. New trends on the market and opportunity for business development are also reviewed.

Keywords: medicinal plants, traditional use, industrial processing, sustainable development

Medicinal plants — a valuable natural resource

The variety of soil, climate and relief resulted in rich and diverse vegetation in Romania.
Almost 30-40% of the European flora and fauna could be found here. Out of the near 4000
species of registered higher plants, around 700 are traditionally used as medicinal (Parvu,
1991), 324 species scientifically proved to have therapeutic properties and 180 species can be
used at industrial scale for plant extraction and different natural product obtaining.

Romanian flora has more than hundred species of tinctorial value, which contain very
resistant and bio-degradable pigments, used in food industry as coloring agents (“digestive
pigments”), cosmetic (hair care) or natural fiber dieing (especially wool and cotton). There
are also 40 species interesting for their content in tannins (accumulated in bark, wood, leaves
or fruits) and resins (mainly extracted from stem or buds).

Other 80 species were identified as toxic, due to their high content in pharmacologic active
principles, which could have damaging — even lethal - effects on beast and people if plants
are accidentally graze or eaten, respectively. Strictly controlled, these species and their
chemical compounds are used in veterinary and human medicine.

Different criteria (such as botanic, chemical, geographical as well as industrial importance)
could be used to classify the Romanian medicinal plants and to define the specificity of local
bioresources.

Taking into account the life cycle, 51% of the medicinal plants are annual species, 31% are
perennial species and 18% are biannual species. As to the life forms, we find in Romania:
36.4% hemi cryptophytes, 20.06% therophytes and 17.9 phanerophytes; the rest of " is
composed by geophytes (8.64%), hemitherophytes (7.01%), chamaephytaes (4.32%), hydro-
helophytes (1.54%), hydrophytes (1.54%), chamaephytaes-hemicryptophytes (1.23%),
hemicryptophytes-hemitherophytes (0.30%) and epiphytes (0.30%).

The medicinal species that could be found frequent in spontaneous flora belong to the
Asteraceae, Labiatae and Rosaceae families (5-10%), less frequent are found the members of
Ranunaculaceae, Fabaceae and Aristolochiaceae families (2-5%), while not at all frequent are
the members of the Poaceae and Violaceae families (less than 2%).

Traditional use of medicinal and aromatic plants
Historical and ethnographic data show a long tradition of medicinal plant use as therapeutic

remedies in most of the houses, villages, monasteries and hospitals of the country. First
scientific references appeared 400 years BC, but starting with the XIV™ centuries a lot of
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aspects started to be investigated (for example, 431 species have been listed as medicinal in
the XVII™ century, together with their recommendation of use in different disease treatment-
Paun, 1995).

The old activity of wild collection and manufacture transformed plants in different phyto-
pharmaceutical products (such as powder, infusion, hydro-alcoholic plant extracts, volatile
oils, medicinal and aromatic vinegar, syrups, creams, plant baths, etc) easy to be produced by
everybody and used in most of the families (Fischer, 1999).

Scientific and economic results

The industrial dimension of this activity was reached at the beginning of XX™ century, when
a national network of plant processing industry (PLAFAR TRUST) was set up (it covered
25% of Romanian administrative units and has headquartered in Bucharest). In the years *80
Romania reached its best performance in the field, becoming the 5™ exporter of the world
(medicinal plants were exported in 20 countries); it got also an important position (the 8"
place) as volume of processed medicinal plants/year (Stoianov, 2003).

As a consequence, an enhancing of phytotherapy and pharmaceutics industry interest was
registered; over 500 species were the subject of different botanical and phytosociology
studies, and more than 180 medicinal species were analyzed pharmacological and
pharmacodynamic point of view (for example, 79 Ph. D. were written in the period 1958-
1975, only in this field — Racz et al., 1986) and most of the important monographs and plant
inventories (of medicinal, aromatic, toxic and tinctorial species) were published. A lot of
assessment studies, cartography and biomass evaluation as well as impact studies on the
environment were done (it should be noticed that in the year 1990, there were collected from
spontaneous flora 150 species). All the responsible ministries created and enhanced their own
networks of research and development: Education Ministry (Universities: Botany
departments in all the Faculties of Biology), Health Ministry (Medicine and Pharmacy
Institutes: Pharmaceutical Botany, Pharmacology and Pharmacodinamy departments),
Agriculture and Forestry Ministry (Research and Production Stations, National Institutes,
Academy of Agricultural and Forestry Sciences-that were involved in cultivation
technologies, plant breeding and seed production, other forest products than wood,
respectively), Research and Technology Ministry (Institutes, Centers of Research - that
studied medicinal and aromatic plants from botanical, genetic, biochemical and ecologic
point of view, different in vitro biotechnologies, plant protection), Romanian Academy of
Science (Botanical Institute-that focused on endangered and protected species, natural
reserves and protected areas). Each Botanical Garden (lasi, Bucuresti, Craiova, Timisoara
and Cluj) developed a medicinal plant sector, while in Targu Mures it was created an entire
medicinal plants botanical garden, where approximately 1000 taxa could be seen. Collections
of 70-200 species are found in all the important universitary cities, used for demonstrative
purpose and student practice. On the other side, Natural Science Museums started to collect
local medicinal flora and to create herbarium. In the same time, almost all the schools from
villages were involved in wild collection activities (starting from spring up the autumn),
getting thus additional funds/financial support for the education process and the poor pupil’
aids.

Hundreds of research and development projects as well as the intense work aiming to
identify, evaluate and manage this important natural resource of Romania, resulted in a
valuable scientific support, which explain the successful economic and trade activity. The
increasing of industrial needs was correlated with the rise (starting with 1925) of the agricole
cooperatives (named ADONIS, CHAMOMILLA, DIGITALIS), specialized in certain plant
production. Medicinal plants were cultivated on large areas (up to 41 000 ha), producing
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approximately 20 000 tones/year of dry weight material (30% leaves, approximately 16%
flowers, 15% herba, 13%fruits, 11% roots, less than 5% seeds, 2.5% bark, 2% buds).

The agronomist researchers have studied 52 species of cultivated medicinal and aromatic
plants (Mocanu, 1999). The eco-physiological needs of the cultivated species were
established (the most appropriate region for each species was designed) and the map of
natural geographic distribution of medicinal plants was set up. The main cultivated species
were (and still are): Coriandrum sativum, Sinapis alba, Brassica nigra, Foeniculum vulgare,
Cynara scolymus, Hyssopus officinalis, Silybum marianum, Papaver somniferum, Mentha
piperita, Mentha crispa, Salvia officinalis, Calendula officinalis, Melissa officinalis.

During the last 25 years, there were homologated 29 cultivars of 17 species Coriandrum
sativum (Sandra/82, Omagiu/2000), Datura innoxia (Laura/82, Silvia/84), Papaver
somniferum (Extaz/82, Safir/82), Matricaria recutita (Margaritar/82, Flora/89), Valeriana
officinalis (Magurele/82), Cynara scolymus (Celesta/89, Unirea/93, Flavia/00), Mentha
piperita (Cordial/89, Cristal/2000, Columna), Mentha crispa (Record/92, Mencris),
Lavandula angustifolia (Corbeanca/92), Thymus vulgaris (Smarald/93), Vinca minor
(Azur/96), Digitalis lanata (Tonic/00, Lanata-1), Ocimum basilicum (Basilica00, Geea/00),
Tagetes patula (Tages/96), Trigonella foenum graecum (Robusta/00), Foeniculum vulgare
(Hestia/01), Artemisia dracunculus (Armonia/01, Artemis/O1). Other 24 species were
domesticated (Achillea millefolium, Acorus calamus, Angelica archangelica, Atropa
belladonna, Carum carvi, Chelidonium majus, Gentiana lutea, Hypericum perforatum,
Plantago lanceolata, Valeriana officinalis, Vinca minor), 10 species were acclimatised
(Amsonia tabernaemontane, Digitalis lanata, Echinacea purpurea, Glaucium flavum,
Grindelia robusta, Momordica charantia, Satureja montana, Securinega suffruticosa,
Solanum laciniatum) and 31 valuable local landraces were certified.

More than 20 technologies of cultivation (about 80 technological sequences) have been
created, succeeding to establish: the preceding culture, soil preparation, fertilisation, methods
of plant multiplication, sowing period, seed rate, sowing depth, raw intervals, maintenance
requirements, disease prevention and cure, damaging insects control, harvesting methods,
drying and storage conditions, processing techniques for fresh and dry raw material, etc.

The sustainable use of local resources (63 species mainly collected in 2000) asked the
biodiversity conservation (today 297 species are ex situ persevered, 179 species are hold by
Suceava Gene bank and 13 species, are on the National Red List (under the severe control of
Romanian Academy of Science - Committee for the Nature Monument Protection). The
National Catalogue of Plant Genetic Resources was published in 2000, with IPGRI’support,
where the medicinal and aromatic plants cover a fascicule (Murariu et al., 2002).

Transition period and new trends on medicinal plants market

After years ‘90, the significant political changes resulted in the state monopole brake. This
was also dramatically reflected in the food chain, which links were destroyed. In agriculture,
the famous cooperatives disappeared and now, up to 84% of the farms are private. During
1990-2000 (a negative reference year for medicinal plants-Romanian statistical year book,
2004), the cultivated areas registered a significant decrease (less than 5 000 ha and a
production of 1500 t dry weight, only 800 t collected from the wild, out of which 210 t were
exported) and followed an unpredictable dynamics, being out of any control or national
strategy. Very slow steps were made towards the organic farming of medicinal plants (in
2004 there were only 5 farms interested to certify their crop production), in spite of the
existing promising prospects, due to the small quantities of chemical fertilizers used in the
past (four times less than in the EU countries) and the severe decline of Romanian industry
responsible by environment pollution.
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As a paradox, in the same period, real progresses were registered by the processing industry.
The market pressure (the increasing demands for natural products), the people trust in green
pharma, the low price and the traditional use of medicinal plants influenced the development
of private SME, which proved to be flexible and better adapted to the customer needs and
very efficient from economic point of view. They implemented new technologies using
special financial support (EU funds such as PHARE and SAPARD, WORLD BANK as well
as governmental co-financing), diversified their production (40 medicines obtained from
medicinal plants and near 1300 food supplements) and developed new business partnerships
as well as import-export activities. SME proved to be responsible and progressive,
implementing the European standards of Quality Management System (they are certified ISO
9001/2000 and 14 000), Good Manufacture Practice (for medicine production, plant
cultivation, plant collection), HACCP (for food supplements), etc. They were able to follow
the European trend (starting to produce organic products) and were able to sustain their own
research, oriented towards the specific needs.

Regulation, monitoring and control activities

A review of the last law and regulations, show that Romania aimed to harmonize the own
legislation with the international rules and directives; thus it was signed the Convention from
Rio (1992) regarding the biodiversity, approved the Strategy for Plant Conservation from
Haga (1992) and implemented TRAFIC Program (in 1998, as soon as CITES Convention
(international trade agreement related to wild flora and fauna) was adopted. From 2003, it is
currently active the Law 491, which refers specifically to medicinal, aromatic, toxic and drug
plants.

The central authorities involved in rules establishment are the Government (Ministry of
Agriculture, Forestry and Rural Development, Ministry of Health, Ministry of Environment
and Water Management), Romanian Academy of Science and the Parliament. Some advisory
boards (such as the National Council of medicinal plants and natural products, including food
supplements) work near the Ministries (of Agriculture, Forestry and Rural Development, in
this case), and special commissions are organized by the Senate and Chamber of Deputies.
The national and local authorities responsible for monitoring and control are: the National
Drug Agency, National Agency for Veterinary Medicine and Food Safety, Environment
Protection Agencies, National Agency for Customer Protection. As certification bodies for
medicinal plant products there are designated Health Public Institutes and Food Bioresource
Institute (for food supplement notification) and National Drug Agency (for drugs/medicine
products). Aiming to join the EU, Romania had to take into account the intellectual and
industrial protection (that’s why a national office, responsible for copy rights and a National
Agency for Standards and Labels are active).

The civilian society started also to organize professional, scientific or economic associations.
Thus, ROPAM (which is an observer member of EUROPAM) create a network of medicinal
plant producers and extension service providers for agriculture, PLANTA ROMANICA put
together the Romanian processors of medicinal plants, the ASSOCIATION OF
IMPORTERS of medicinal plants and natural products supply the market with drug and food
supplements, while different national societies (such as the SOCIETY OF
PHYTOTHERAPY, ROMANIAN SOCIETY OF ETNOPHARMACOLOGY, NATIONAL
SOCIETY OF HOMEOPATHY) bring together scientists and develop non-profit activities.
Interesting partnerships (public and private; scientific, economic and business development)
were registered during the last years, focusing on the same subject, namely medicinal and
aromatic plants. Running projects together, the public institutions in cooperation with
interested private companies and other organizations (such NGO-s) started to do the first
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steps to recover the product chain and to come near the previous success of the field. A real
support for agriculture (that continues to be a vulnerable sector) came from the Ministry of
Agriculture, which introduced medicinal plants in rural development strategy, subvention the
cultures. In the mean time, the Ministry of Education and Research implements a new,
modern information system, which contain a national database of large interest and could be
accessed on-line.

In spite of the slow progress of society and all difficulties (especially mentality changes of
the people) registered during this long period of transition, it seems that medicinal and
aromatic plants have a promising future, due to the constant interest of the market for the
natural products, the existing experience and development potential, and the new legal frame
work which was set up.
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Summary

The unprecedented development of human civilization as an outcome of the scientific and technical innovations
exercises a great pressure on Nature and its resources. This generates ecological disorders which in time will
develop into a severe ecological crisis. Because of this one of the most important duties of the contemporary
world is the conservation of species endangered due to different impacts and massive exploitations. We consider
that due to the pertinent information obtained through our research regarding threatened, rare and vulnerable
plants, they will be introduced in a crop system. The red list of superior plants from Romania contains an
inventory of 51 species of plants.

Keywords: conservation, rare and endangered taxa, endemic plants, medicinal species
Introduction

Romania can be proud of a great variety of flora, but lately due to the impact people
exercised upon the flora, we can assist to an unfortunate vandalism towards the exploitation
of natural resources. By a judicious, limited and controlled planning of exploitation we can
avoid the danger of disappearance of some medicinal plant species.

Because the harvest of plants will continue to be an economical issue in the following decays
too, the initiation of some experiences which permit introduction in their culture will be
implemented. This will be the task of those specialists who wish to contribute to the
preservation of these plants in our landscapes.

Romania has an old established tradition in the introduction of endangered medicinal plants
in the cropping system. The first experimental station of medicinal plants in the world was
established in Cluj-Napoca in 1904. This was the station which provided the framework to
the introduction of wide range of plants from the spontaneous flora into the cropping system.
The beginning of industrial growing of medicinal plants was realized a few decays ago by
introducing Mentha x piperita from the Land of Barsei (Tara Barsei) into the cropping
system, followed by Digitalis purpurea from Orastie, etc. This form of plant cultivation was
extended to other renowned stations in the country (e.g. Fundulea etc.).

The botanical garden of the University of Medicine and Pharmacy, Targu-Mures was
established in 1948 for didactic purposes, since then being a real school for training students,
but at the same time an institution with an outstanding scientific value, renowned both on
national and international level, also having real merits in activities meant to protect rare and
endangered plants and in the introduction of some plant species in the cropping system in
natural and optimal conditions. A true protection of rare and endangered medicinal plants is
performed here, proving that in case of some plants cropping is more profitable and the
obtained raw material is more valuable. This way the annual raw material can be ensured so
that the vegetal genofond of therapeutic interest is preserved.

Material and methods
The list of endemic, rare and endangered species has been elaborated on the base of: The

World Conservation Monitoring Centre (WCMC), Globally threatened plants in Europe, The
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World Conservation Union (IUCN), PLANTA EUROPA, Law. nr.13/1993 regarding
Romania joining the European Habitats and Wild Life Convention, adopted at Berne on 19™
September 1979 etc. [5,6,7,11,12,13,14,15,16]; The red list of vascular plants in Romania —
elaborated by M.Oltean, et.al.(1994); The red list of rare, vulnerable endangered, and
disappeared vascular plants in Romanian flora - N. Boscaiu, et.al.(1994); The red list of the
Romanian plants occurring in meadow, including endemic and sub-endemic species
(Tracheophyta)-G. Negrean (2001) [1,2,3].

In this work the right solutions were adopted as correct in accordance with the Code de Tokio
[4], Flora Europaea [8] and Flora Romaniei [9,10].

Results and discussions

Based on these information, in Botanical Garden were inventoried 51 species of rare,
endangered and vulnerable plants from the spontaneous flora until now (table 1).

Vascular taxons are present in alphabetical order denominating the family and the risk
category IUCN (World Conservation Union) they belong to [16].

The red list containing also numerous medicinal plants: Adonis vernalis, Angelica
archangelica, Bryonia cretica ssp. dioica, Dictamnus albus, Digitalis ferruginea, Ecballium
elaterium, Galanthus nivalis, Gentiana lutea , Glaucium flavum, Gypsophila paniculata,
Hyoscyamus niger, Paliurus spina-christi, Periploca graeca, Polemonium caeruleum, Ruta
graveolens, Salvia sclarea, Taxus baccata and Ziziphus jujuba.

Rush and rapacity regarding a short term profit determines the diminution of medicinal plant
populations. It is known that Romania exports huge quantities of medicinal plants. This is the
reason why some measures of protection should be instituted and rare and endangered plants
should be introduced in production for their use in phytotherapy.

Table 1. Rare and endangered plants of the Romanian flora cultivated in the Botanical Garden
of the University of Medicine and Pharmacy, Targu-Mures

C;ItjegoNry Species Name Family

V/R Acanthus balcanicus Heywood & LB.K Richardson Acanthaceae

B R Achillea depressa Janka Asteraceae

\Y Achillea ptarmica L. Asteraceae

\ Adonis vernalis L. Ranunculaceae

R Agrimonia pilosa Ledeb. Rosaceae

\ Angelica archangelica L. Apiaceae

R Bryonia cretica L. ssp. dioica (Jacq.) Tutin Cucurbitaceae

\Y Agquilegia nigricans Baumg. Ranunculaceae

R ee Aquilegia nigricans Baumg. ssp. subscaposa (Borbas) Ranunculaceae
So6

E/R Centaurea ruthenica Lam. Asteraceae

BR Centaurea sadleriana Janka Asteraceae

R Dianthus barbatus ssp. compactus (Kit.) Heuffel Caryophyllaceae

BR Dianthus capitatus Balbis ex DC. ssp. andrejowskianus | Caryophyllaceae
Zapal.

R Dianthus collinus W. et K. Caryophyllaceae

R Dianthus leptopetalus Willd. Caryophyllaceae

V/R Dictamnus albus L. Rutaceae

R Digitalis ferruginea L. Scrophulariaceae
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E Ecballium elaterium (L.) A. Rich. Cucurbitaceae
R Echinops bannaticus Rochel ex Schrader Asteraceae

R Echinops ritro L. ssp. ruthenicus (Bieb.) Nyman Asteraceae

LR Fritillaria orientalis Adams Liliaceae

nt Galanthus nivalis L. Amaryllidaceae
R Gentiana lutea 1. Gentianaceae
R Gladiolus imbricatus L. Iridaceae

\Y Glaucium flavum Crantz Papaveraceae
\Y Gypsophila paniculata L. Caryophyllaceae
LRee Hepatica transsilvanica Fuss Ranunculaceae
R Hyoscyamus niger L. Solanaceae

Ve Iris brandzae Prodan Iridaceae

R Iris sibirica L. Iridaceae

\ Iris spuria L. Iridaceae

R o Larix decidua Mill. Pinaceae

\ Leucojum vernum L. Amaryllidaceae
K Lonicera alpigena L. Caprifoliaceae
R Lychnis viscaria L. ssp. atropurpurea (Griseb.) Chater | Caryophyllaceae
R Muscari neglectum Guss. Ex Ten Hyacinthaceae
V/R Nepeta ucranica L. Lamiaceae

VU Paceonia tenuifolia L. Paeoniaceae

R Paliurus spina-christi Miller Rhamnaceae

R Periploca graeca L. Asclepiadaceae
R Polemonium caeruleum L. Polemoniaceae
R Potentilla astracania Jacq. Rosaceae

V e Pulsatilla pratensis Miller ssp. hungarica So6 Ranunculaceae
R Pulsatilla vulgaris Miller ssp. grandis (Wender.) Zamels Ranunculaceae
R Rumex scutatus L. Polygonaceae
R Ruta graveolens L. Rutaceae

R Salvia amplexicaulis Lam. Lamiaceae

R Salvia sclarea L. Lamiaceae

R ee Salvia transsilvanica (Schur ex Griseb.) Schur Lamiaceae

R Taxus baccata L. Taxaceae

\Y Ziziphus jujuba Mill. Rhamnaceae

The periclitation categories: R - Rare, E - Endangered, V - Vulnerable, nt — not threatened,
K - Known insufficiently, LR — Less Risk,ee - Endemic, ® - Sub-endemic, B - Convention

From the flora point of view it is important to underline that 51 taxa for protection and
conservation at international and national. Their protection and conservation statute is the

Conclusions

follow:

Sect

1 taxa, Global red list included in the Red list IUCN, the Habitate Directive & Bern

of Berna

Convention: Pulsatilla pratensis ssp. hungarica Soo0.
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- 6 taxa, European threatened, included in the Habitate Directive & Bern Convention:
Agrimonia pilosa, Fritillaria orientalis, Galanthus nivalis, Gentiana lutea, Paeonia
tenuifolia, Pulsatilla vulgaris ssp. grandis.

- 44 taxa (endemic, near endemic and rare) threatened at the national level and included in
the Romanian Red List.
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THE ESSENTIAL OILS OF NEPETA L. GENUS (LAMIACEAE, NEPETOIDEAE)
IN ROMANIA

Piidure Ioana Marcela', Bidulescu Liliana’, Burzo Ioan’, Mihiiescu Dan®

University of Agronomic Sciences and Veterinary Medicine Faculty of Horticulture, Department of Botany' and
Plant Physiology® Blvd. Maristi 59, Bucharest, 011464, Romania

Summary

The essential oils of four species of Nepeta L. genus have been examined. The oils of N. cataria and N. nuda ssp.
nuda are characterized by the presence of nepetalactone isomers. The other two species represented by N.
parviflora and N. ucranica ssp. ucranica have a rare status within The Vascular Plant Red List for Romania.
Nepetalactone isomers are not present in the essential oils of the latest two species. All species excepting N.
cataria have been studied for the first time in Romania from phytochemical point of view.

Keywords: Nepeta, Lamiaceae, essential oil, GT-FT systems, nepetalactone.

Introduction

The genus Nepeta L. (Lamiaceae, Nepetoideae) comprises over 250 species that are
distributed over a large part of Central and Southern Europe, and West, Central, and Southern
Asia. About half of the existing species are recorded in Iran [3]. The genus Nepeta is
represented in Romania by 4 species, two of these being with a rare status within The
Vascular Plant Red List for Romania [8], [9].

Nepeta species are widely used in folk medicine because of their antispasmodic, diuretic,
antiseptic, antitussive, antiasthmatic or febrifuge activities. Catnip tea has been shown to have
anticholinergic effects and has been used to relieve intestinal cramps; it is also beneficial for
cure of colds, flu and fevers; catnip tea has been used for relief of insomnia [13]. The feline
attractant properties of several Nepeta species have been known for a long time.
Nepetalactone and its isomers are considered to be responsible for the feline attractant activity
of Nepeta species [14].

The essential oils of four species of Nepeta genus have been examined. The oils of N. cataria
L. (Sect. Nepeta) and N. nuda L. ssp. nuda (Sect. Orthonepeta Benth.) are characterized by
the presence of nepetalactone isomers. The other two species represented by N. parviflora M.
Bieb. and N. ucranica L. ssp. ucranica (Sect. Oxynepeta Benth.) have a rare status within The
Vascular Plant Red List for Romania. Although N. parviflora has been studied in the
literature, [4], [5], no previous data exist for N. ucranica ssp. ucranica. Is one of the
objectives of this study to report the composition of N. ucranica.

Material and methods

Plant material: The leaves and flowering tops were collected from Cernavoda (Constanta
County, July 2003) for N. cataria, from Frasinei (Valcea County, June 2003) for N. nuda,
from Basarabi (Fantanita-Murfatlar Natural Reserve, Constanta County, May 2005) for N.
parviflora and Ploscos - Valea Florilor (Cluj County, June 2000) for N. ucranica. Voucher
specimens are kept at BUAG Herbarium, Bucharest (N. cataria- BUAG 23777, N. parviflora-
BUAG 23777, N. ucranica- BUAG 23167). Essential oils were obtained from dried aerial
parts, leaves, stems, and flowering or fruiting aerial parts of Nepeta species by water
distillation. The material was harvested at 11-13 AM. The herbal was dried at room
temperature and stored 2-7 days in paper bags in the dark.
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Isolation of the essential oil: Air-dried herbal parts of the collected plant were subjected to
hydrodistillation for three hours using a Clevenger-type apparatus to produce oil. The yield,
the oil amounts and plant used parts are presented in Table 1.

Gas chromatography: FISIONS GC chromatograph with DB 5 column 25m length and 0,25
mm internal diameter. Carrier gas has been nitrogen, initial ramp 40° C, isothermal for 5
minutes, final temperature 280° C and 4° C/min. gradient. Using the Nicolet GC-FR-IR
transfer line with MCT high sensitive nitrogen cooled detector, all peaks from GC system can
be identified by infrared spectra using specific infrared gas phase flavours library. The FT-IR
parameters has been: 4000-750 cm™ spectral range, 8 cm™ resolution and 7 scan/sec.;
acquisition speed; transfer line and cell temperature 250° C. Due to the non-destructive IR
analysis, the sample was conducted in a classic FID detector for quantification after the IR
transfer line.

Identification of the components: Compound identification was performed using a chemical
library and Kovats indices as a confirmation for the chromatographic peak position.

Results and discussions

GC and GC-MS analyses of the oils were carried out according to a procedure that has been
described above. The chemical compounds of Nepeta chemotypes are listed in Table 1. The
chromatograms with GC traces and an interesting comparison between FT-IR nepetalactone
spectra are represented in Figures 1-5.

Table 1. Comparison between the compositions of the essential oils of Nepeta L. species
growing in Romania

Taxa Retention time Compound name Percentage in oil

Nepeta cataria L. 8.62 Beta-pinene 0.31
(Sect. Nepeta) 10.99 Ocimene 0.61
17.34 Carvone 1.27
18.20 Geraniol 0.12
18.41 Geranial 0.65
21.23 Nepetalactone I 61.96
23.31 Nepetalactone 11 9.22
2433 Beta-cariophylene 1.84
27.23 D-germacrene 0.23
N. nuda L. ssp. nuda 5.15 Alpha-pinene 1.81
(Sect. Orthonepeta Benth.) 5.85 Beta-pinene 6.85
6.90 Eucalyptol 4487
7.95 Ocimene 2.66
9.71 4-terpineol 1.2
9.99 Alpha-terpineol 4.5
13.21 Nepetalactone I 1.02
14.08 Nepetalactone 11 14.68
14.99 Beta-cariophylene 8.68
15.59 Farnesol 1.08
16.18 D-germacrene 7.76
N. parviflora M. Bieb. 12.75 Eucalyptol 7.8
(Sect. Oxynepeta Benth.) 24.84 Alpha-copaene 3.1
25.22 Beta-bourbonene 1.9
25.34 Beta-elemene 24
26.28 Beta-cariophylene 6.3
27.29 Unknown 10.2
28.20 D-germacrene 40.5
28.66 G-elemene 4.7
2942 G-cadinene 2.7
31.05 Spathunelol 3.2
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N. ucranica L. ssp. ucranica 5.15 Alpha-pinene 8.13
(Sect. Oxynepeta Benth.) 5.85 Beta-pinene 17.10
11.28 Beta-mircene 3.72
12.75 Eucalyptol 65.78
17.60 4-terpineol 0.80
18.72 Mirtenal 3.30
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In our literature review we found two types of Nepeta species which were different in oil
composition. The essential oil of several species of Nepeta genus, for example N.
binaludensis, N. nepetela, N. racemosa, N. persica, N. crassifolia [6] and N. nuda [1], [2], [7],
[12] showed nepetalactone as a main component of the oil. In the second type of oil 1.8-cineol
was the main component: N. ispahanica, N. camphorata, N. glomerulosa and N. sulfuriflora
[6]. In the third type of oil eucalyptol was the main component in N. nuda (in some
investigated chemotypes) [10], [11], N. ucranica and N. parviflora.
The main components of the oil of Nepeta species growing in Romania are represented by:
- nepetalactone I (61.96%), nepetalactone II (9.22%), beta-cariophylene (1.84%), carvone
(1.27%) in N. cataria (Fig. 2);
- eucalyptol (44.87%), nepetalactone II (14.68%), D-germacrene (7.76%), beta-pinene
(6.85%), beta-cariophylene (8.68%), nepetalactone I (1.02%) in N. nuda (Fig. 3);
- D-germacrene (40.5%), eucalyptol (7.8%), beta-cariophylene (6.3%), G-elemene (4.7%),
spathunelol (3.2%) in N. parviflora (Fig. 4);
- eucalyptol (65.78%), beta-pinene (17.1%), alpha-pinene (8.13%), beta-mircen (3.27%)
in N. ucranica (Fig. 5).
The essential oils of N. ucranica ssp. ucranica and N. parviflora (Sect. Oxynepeta)
under this study did not contain neither nepetalactone isomers. These fully agree with the
reported results with regard of N. parviflora in Hungary [4], [S] and N. ucranica ssp.

kopetdaghensis in Iran [6].
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Conclusions

In this study we investigated the essential oil components of four species of Nepefa L. in Romania. All examined
species excepting N. cataria have been studied for the first time from phytochemical point of view.

The nepetalactone isomers were present in well detectable quantities in two sections of Nepeta (Nepeta and
Orthonepeta) while they were not regularly present in Sect. Oxynepeta (in N. parviflora and N. ucranica ssp.
ucranica). These fully agree with the reported studies regarding the composition of essential oils of these rare
species with restricted areal in Romania.

The mentioned chemical compounds might be used as chemotaxonomic markers between Nepeta species.
Specific components of Nepeta oils representing between 77% and 98% of the total oil composition were
identified. The remaining percentage consists of traces or remained unidentified by chemical searched library.
The main oil constituents of N. cataria and N. nuda are nepetalactone isomers, eucalyptol, beta-caryophylene,
alpha- and beta-pinen, in different amounts. Germacrene-D (40.5%) is the main constituent of N. parviflora and
the eucalyptol (65.8%) is the major compound of N. ucranica ssp. ucranica oil.
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FUNGI ON SAGE SEED IN SERBIA AND THEIR EFFECT TO SEED
GERMINATION
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'nstitute for Medicinal Plant Research "Dr Josif Pangi¢", Belgrade, Serbia and Montenegro, ’Institute for Plant
Protection and Environment, Teodora Drajzera 9, Belgrade

Summary

Fungi associated with garden sage (Salvia officinalis L.) seeds were studied in seeds harvested from the
commercial production fields in Serbia, during five years, from 2001 till 2005, using the blotter and agar plate
methods. Thirteen fungal species were identified to be associated with the seeds including Alternaria alternata
(Fr.) Keissler, Fusariium oxysporum Schlechtend.,Fr. Fusarium subglutinans Wollenw. and Reinking, Fusarium
equiseti (Corda) Sacc., Aspergillus flavus Link ex Fries., Aspergillus niger Van Tieghem., Aspergillus spp.,
Epicoccum purpurescens Ehrenb Ex Schlecht., Cladosporium cladosporioides (Snyder), Chaetomium spp.
Doratomyces spp., Verticillium spp., Penicillium spp. and Rhisopus spp. The determination of fungi was
accomplished on the basis of their morphological, biometrics and growing properties, having in mind the
symptoms, whenever these were characteristic. The most abundant percentage of the diseased plants was
attacked by the species belonging to the genus Alternaria (up to 78 %), and than to Fusarium species (up to 8%).
Tests were conducted to establish the effect of the phytopathogens on the seed germination as well as
germination energy. Experiment was set in the Petri dishes, on the wet filter paper, in four repetitions. While
testing pathogenicity, mycelia of the selected fungi were put directly on the seeds. The control was set in the
same manner, but without inoculation.
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Introduction

The sage seeds are rich in protein, carbohydrates and minerals and therefore provided a
suitable substrate for the growth of microorganisms. Our literature does not contain
information on the sage seed pathogens. The seed contain and transfer many fungal diseases
from one year to the next and increases the parasitic flora in the soil.

As the most important factor in ensuring the high yield is the seed quality, the
phytopatological analysis of the seeds determines the quality by identifying pathogens and the
degree of infection.

Materials and methods

The investigations have been conducted from 2001 to 2005. The seeds samples were collected
in the field collection of the Institute for the Medicinal and Aromatic Plants Research “Dr
Josif Panci¢” in Pancevo.

The analysis of the health status of the seeds was conducted using the standard
phytopathological methods: seed incubation on wet filter paper (MATHUR et KONGSDAL,
2003) and seed incubation on the artificial medium (TEMPE, 1963).

The seeds were disinfected with the 1% solution of NaCl for 10 minutes. Morphological and
developmental characteristics were investigated on the following media: potato dextrose agar
(PDA), potato sucrose agar (PSA) and water agar with the sterile fragments of carnation
leaves (PCA). The following morphology characteristics of obtained isolates were observed:
the appearance of the air mycelia, the speed of colonial growth, the presence/luck of culture
pigmentation, the shape and dimensions of conidia and conidiophores, the nature of conidia
formation, production of chlamidiospores, type of conidioma formed. The size of the
reproductive organs was calculated after 100 measurements. All of these characteristics as
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well as the showed symptoms on the diseased seeds were used for fungi determination
according taxonomic literature (MALONE and MUSKETT, 1964; ARX, 1974; BOOT, 1971;
BURGESS, 1999).

Energy of germination and total germination were determined on wet filter paper in Petri
plates after seven and 21 days, respectively. The seeds were cooled in the refrigerator for four
days before they were incubated at alternating temperatures (12 h light/12 h darkness) of 20°
and 25°C (ISTA, 2003).

Results and discussion

Fourteen species of fungi were identified on the samples of sage seeds. The intensity of their
appearance is presented in the table 1.

Table 1. The percentage of seeds of sage contaminated with fungi in 2001 - 2005.

Year

Seed pathogen 2001 | 2002 | 2003 | 2004 | 2005
Alternaria alternata 78% | 18% | 30% 13% | 15%
Botrytis cinerea 2% 2% 1% 2% 1%
Doratomyces spp. 1% 2% 0,5% - 2%
Cephalosporium spp. 2% 2% 1,5% - 2%
Epicoccum purpurascens 2% 2% 1,5% - 2%
Fusarium oxysporum 2% 2% 2% 2% 2%
Fusarium equiseti 2% 1% 1% - 1%
Fusarium subglutinans 3% 2,5% | 0,5% 1% 2,%
Aspergillus flavus 1% 1% 1,5% - 1%
Aspergillus niger 1% 2% 1% 1% 2%
Verticillium spp. 1% 2% 2,% - 1%
Cladosporium cladosporioides 1% 1% 1% - 1%
Chaetomium spp. 1% 2% 2% 2% -
Rhizopus spp. 3% - - 2% -

Alternaria spp. is the dominant species on the sage seeds. In 2001 70% of the seeds contained
Alternara spp. The majority of contaminated seeds did not germinate at all. The literature
quotes the presence of Alternaria on the seeds of many medicinal and aromatic herbs such as:
camomile, St. John's wort, balm, valerian, feverfew (PAVLOVIC & DRAZIC, 2000;
PAVLOVIC et al., 2000; PAVLOVIC, 2001; PAVLOVIC, 2003; KOSTIC et al., 2003).
Fusarium spp. is present every year but they rarely contaminates more than 5% of the seeds
(7% 1in 2001). Fungi from the genus Verticilium are also common but they usually
contaminate only 1% of the seeds. The rest of the fungi are common but are not serious
pathogens on the sage seeds.

The importance of parasitic flora on the sage seeds in multifold. Parasitic fungi cause diseases
of the seeds during their formation or storage, greatly reducing their viability and germination
and, therefore, their value. Withering of the seeds is connected to Fusarium spp., while is
caused by fungi from the genus Botrytis, Epicoccum, Penicillium, Aspergillus, Rhisopus, as
well as many others. Alternaria and Fusarium cause spots and necrosis of the seeds.

The percentage of s