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1. NATIONAL AND INTERNATIONAL IMPORTANCE OF MEDICINAL AND AROMATIC PLANTS AND THEIR
PRODUCTION
Author: Jenő Bernáth
1.1 HISTORY OF THE DEVELOPMENT OF HUNGARIAN MEDICINAL AND AROMATIC PLANT SECTOR
For centuries, the medicinal and aromatic plants were collected or cultivated in the territory of Hungary for
domestic consumption, mainly. Even the representatives of the Hungarian nation that came in the Carpathian
basin utilized some medicinal plants; however the curing procedure could have been mixed with many forms of
superstitious elements. Some of the ancient local name of the plant species (witch-pulp, devil-costae root, devilgrape, etc.) shows that. Later on, the elements of Christianity appeared in the name of the local medicinal plants
(Tree of the God, Jesus-nettle, Assumption-rose, Assumption-mint, etc.).
In the territory of Hungary, the first written records of medicinal plants date back to the middle ages and can be
found in the manuscripts of the monks settled down here. Furthermore, number of medicinal plants were
introduced at that time into the Carpathian basin and cultivated in the gardens of monasteries or noblemen (for
instance some members of Lamiaceae family). However, the large-scale production of medicinal and aromatic
plants started in the middle or in the second half of the 20th century, only. Parallel with large-scale production the
primary processing of plant material and distillation of essential oil-bearing plants were introduced. The scientific
background for the development of the section was provided by the activity of Hungarian scientist, PÁTER BÉLA
(1860-1938) who was the first director of the Research Station of Medicinal Plants.
The lack of medicines, due to the First Word War, called attention to the medicinal and aromatic plants.
Therefore, by the decree of Agricultural Ministry the Medicinal Research Station was established at Kolozsvár in
1915. In the first years, the Institute managed the control of collection and cultivation of medicinal plants and
later on was involved into the research-development projects of the section.
After the period of the First Word War - mainly based on the activity of Research Station of Medicinal
Plants – Hungary became a country of “Great Power” in the field of medicinal plants. It became obvious in both
the large production of dried plant drugs and production of essential oils. Beyond the increase of local
consumption large amount of the Hungarian medicinal plant products appeared in the West-European market.
As a part of the dynamic development of the medicinal plant sector János Kabay
(http://monumentaustralia.org.au/monument_display.php?id=70210&image=0) invented a word patent for
extraction of dry-poppy capsules and established a new pharmaceutical factory, known as Alkaloida, even
nowadays.
The industrial production of essential oil was started in the 20s of the 20th century. The large-scale
cultivation of peppermint (Mentha piperita) and the two lavender species (Lavandula intermedia, L. angustifolia)
were introduced in the large-scale production by the help of foreign propagation material. The remains of the first
lavender plantation on the southeastern slopes of the mountains of Tihany peninsula, which has a
submediterranean climate, can be seen even nowadays (Fig.1. 1). Until 1941, the production of peppermint oil
reached the 8500 kg. From the two lavender species 400-600 kg essential oil was produced by the industry.
From the other species the production of dill oil worth to mention with 2000-3000 kg value. Among the collected
species, the chamomile got a world-wide appreciation and became a Hungarian national product.
After the end of the Second Word War, as a consequence of the permanent lack of medicines and teas,
the research activity concerning the medicinal and aromatic plants accelerated and the modernization of the
cultivation and processing methods has started. By that time, under the leadership of the outstanding scientist
MIKLÓS BÉKÉSY, the sclerotium production of Claviceps purpurea was introduced into the practice by artificial
infection, and the large-scale cultivation of Digitalis lanata opened. In addition, the intensification of the research
activity on Vinca and steroid sources and production of plant-raw contributed to the further development of
Hungarian pharmaceutical industry.
Because of the new tendencies that appeared in the production of plants and their products the former,
world-wide appreciated structure of the medicinal and aromatic plant sector has changed in a great deal. The
production of raw and processing of the products - because of administrative and guidance-technical
considerations - separated into three production areas. The three areas were as follows:

- Collection, cultivation, processing and marketing of medicinal and aromatic plants on a limited scale
(integrated into the commercial area),
- Production and processing of medicinal plants on a large scale (integrated into the agrarian-area)
- Large scale production of industrial crops (organized and processed by pharmaceutical industry)

Fig.1.1 The remains of the first lavender plantation on Tihany peninsula (Fotó: Bernáth)
Until the first half of the 90s of the 20th century the medicinal and aromatic plant sector became one of the
outstanding fields of Hungarian agriculture (HORNOK, 1978; HORNOK, 1990; BERNÁTH, 2000). The products of
the sector were sold on the world-market as special Hungarian products. At that time the cultivation area of
medicinal and aromatic plants ranged between 37 thousand and 42 thousand hectares. The amount of dry plant
raw was as much as 35-40 thousand tonnes yearly. The estimated USD income reached 35 millions. However,
owing to the changes of the Hungarian statistical evaluation system, no estimable data are available in
connection with the actual productivity of medicinal and aromatic plant sector.
1.1

1.2 TRADITIONAL REGIONS OF PRODUCTION IN HUNGARY

We have information about the formation of the regions, which were specialized in collection and
cultivation of medicinal plants from the beginning of the 20th century. The development of regions was based on
biological and economical features of Hungary to increase the export-oriented production of medicinal plants.
The formation was a spontaneous process, which could be characterized with number of rational elements. As
a result, during the last 90 years, special collection-cultivation-processing regions appeared in Hungary – which
are under disorganization at present - but they influence the sector even nowadays. The Fig 1.2 shows the
seven production regions, which separate more or less from each other geographically.
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Fig.1.2 Main regions of Hungary specialized for production of medicinal and aromatic plants (BERNÁTH, 1998b)
(gyogy.1.2 doc.)
(Reg.1.- Great Plain; Reg.2. – North Hungarian Mountains; Reg.3. – Balaton Uplands; Reg. 4. – South of
Hungary; Reg.5. – Bakony mountains and surroundings; Reg.6a – Countryside specialized for the production of
„spring” poppy; Reg.6b - Countryside specialized for the production of „autumn” poppy; Reg.7. – species
cultivated without regional restriction
1.21 Regions for utilization of the natural flora
The development of collection and processing of chamomile (Matricaria recutita) flower in the Great
Plain of Hungary (Reg.1.) is a good example of the utilization of the local flora. The formation of the region was
generated, even in the last century by the increasing demand of German market. The flower of chamomile
(Chamomillae flos) was produced in this region as a special Hungarian product from the beginning of the last
century, however it was known as „German chamomile” in the world market because of the central role of
German merchants in distribution (BERNÁTH and ZÁMBORINÉ 1999). The outstanding quality of Hungarian
chamomile, which was at first supported by empirical observation and proved later on by up to date analytical
measures, due to the special ecological circumstances of the region. Both organoleptic and chemical features of
the drug – which comes from the saline soils, which cannot be utilized for any other crops - guarantee the first
class quality. For processing of chamomile and some other species, which grow around the region (Achillea
collina, Juniperus communis, Crataegus spp. Sambucus nigra, etc.) the factories were installed in villages and
towns situated in the merge of the region (Hajdúböszörmény, Füzesabony and surroundings, etc.). In the season
of blooming, even nowadays, some thousand people join in the collection of chamomile to produce the valuable
drug of the plant which is registered in the EU as special Hungarian product
(http://www.hirado.hu/Hirek/2012/02/28/11/Hungarian_camomile_flower_gets_protected_status.aspx).
The second region (Reg.2.) developed in the North Mountain region of Hungary and its surroundings for
utilization of the natural flora, too. In this region the collection and processing of rose hip (Rosa canina), black
elder (Sambucus nigra), blackthorn (Prunus spinosa), hawthorn (Crataegus spp.) and other forest-grown species
are going on. This region has a very valuable biological potential and furthermore coincides with large amount of
labour supply, which can be the basis of its further development.
1.2.2 Regions specialised for agrarian production

In the formation of the regions specialized for agrarian production beyond the spontaneous elements
the importance of biological and economical considerations increased. As an example for the cultivation of
lavender (Lavandula angustifolia), which is a xerophilous species, the warm slopes of Tihany peninsula were
selected in the period between two Word War (Reg.3.). The submediterranean climate of Tihany peninsula
provided suitable ecological conditions for the high productivity. The remains of the original stand, which was
planted in 30s of the 20th century, can be seen, even nowadays („ancient-plantation‟). In the case of following
plantations the farmers took into consideration of the adequate ecological condition of the Lake Balaton and
locations at Balatonakali and Daránypuszta were chosen for plantations.
The next production region (Reg.4) was established in the southern part of Hungary nearby Baja and
Kalocsa for the production of xerophilous species of Mediterranean or subtropical origin, such as marjoram
(Majorana hortensis) and basil (Ocimum basilicum). Both the yield and drug quality of these species proved to
be the best in this region (HÉJJA és BERNÁTH 1998). Furthermore this region was a centre of red pepper
production (that of the hop production formerly), which was equipped by drying and processing facilities for spice
production. These processing centres provided good possibilities for processing of medicinal and aromatic plant
species parallel.
From 60s to the end or 80s of last century, formation of a unique region, specialized for parasitic ergot
cultivation (Reg.5.), was motivated by both ecological and economical considerations. The centre of the ergot
cultivation was the rye production area of the south-western extensions of Bakony Mountains around Zirc and
Nagyvázsony. In this area the production of ergot went on industrial scale with outstanding level of
mechanisation and processing. Because of the incursion of the industrial non-parasitic fermentation of ergot
alkaloids the importance of this region became extinct.
The production of poppy (Papaver somniferum) has a great traditions in Hungary (BERNÁTH 1998a and
1998b). It is due to the multipurpose utilization of the plant: the seed is an appreciated food in Middle-Europe,
especially in Hungary and the dry capsule of the plant is sold for industrial processing to get opiate alkaloids.
Based on ecological considerations the cultivation area of poppy was separated into two regions. The
cultivation of „spring” ecotype is going on the Great Plain of Hungary and on some other countryside, suitable for
production of poppy in spring vegetation cycle (Reg.6.a). However, in former time the production of „autumn‟
sown (winter) poppy concentrated into the Western countryside, where the winter climate is not so hard and the
danger of the frost action is less serious (Reg.6.b). Because of the recent breeding of series of new „autumn‟
poppy cultivars, which changed physiological property, the regional separation of the two ecotypes is not so
decisive.
In contrast with above-mentioned regional separation there are a number of medicinal plants, which grow
well in several part of Hungary, without any restriction. This region is not strictly specified and overlaps the whole
territory of Hungary and can be characterized by the overall climatic circumstances of Carpathian basin (Reg.7.).
Some of that species which can be cultivated under wide range of conditions are as follows: species from the
Apiaceae family (Foeniculum vulgare, Carum carvi, Anethum graveolens, Coriandrum sativum, Pimpinella
anisum etc.), mustard (Sinapis alba and Brassica spp.), milk thistle (Silybum marianum), oil pumpkin (Cucurbita
pepo subsp. pepo convar. styriaca) etc..
1.3 SPECTRUM OF MEDICINAL AND AROMATIC PLANTS IN HUNGARY AND ITS EXPANSION
The spectrum and the amount of the consumed medicinal plant drugs are enlarging year by year,
worldwide. In former time two regulations defined the official list of medicinal and aromatic plants in Hungary
(the 8th Hungarian Pharmacopoeia being in force until July of 2006, and the Decree of Government No.
203/2002(IX.14) on the medicinal plants being present in retail trade). The two lists overlap each other in many
cases. Since the time of adherence to EU the official number of medicinal plants increased enormously. In the
8th Hungarian Pharmacopoeia (2004), which was compiled taking into consideration the articles of European
Pharmacopoeia, the number of medicinal plants doubled (SZENDREI and CSUPOR, 2009). The number of drugs
of plant origin in Hungarian Pharmacopoeia increased up to 160, the number of essential oils up to 34, the
number of fatty oils up to 20. Furthermore 11 plant extract took place among the official articles. The increase of
official Hungarian articles containing materials of plant origin can be explained with two facts: some of the
medicinal plants were part of the former European practice and we accepted it, secondary the effectiveness of
many plant species were proved by scientific methods in the last two decades (Anthemis nobilis,
Eleutherococcus senticosus, Ginkgo biloba, Silybum marianum, etc.). Additionally, some species, which effect
are less known for Hungarian consumers, appeared in the Pharmacopoeia (Eucalyptus spp., Panax ginseng,

Passiflora incarnata, etc.). In the case of the above mentioned species the quality control instructions of
Pharmacopoeia guarantee the safety of the drug consumption. There are much more risk if we would buy drugs
in retail market sold according to the list of Government Decree (203/2002 (IX.14), or according to any other
food regulation. The reason that the Decree of Council of Ministers signed in 1976, as well as the Hungarian
Quality Standards, which identified the quality of medicinal plants were withdrawn. It does mean that at present
the quality control of medicinal plant drugs are not regulated well and is going on unpredictably. The hope for the
solution is the preparation of the specific chapters of Codex Alimentarius, which is in progress, recently.
1.4 WORLDWIDE ENLARGEMENT OF PRODUCTION AND CONSUMPTION OF MEDICINAL AND
AROMATIC PLANTS
The utilization of natural products of plant origin came into the centre of interest in the last decades. The status
reports of the International Organisations support this fact (UNIDO, FAO, WHO, UNCTAD/GATT). According to
the estimate of WHO, published in 2011, about 25 per cent of modern medicine contains materials of plant
origin or has some chemical relation to the plant species, which were used in traditional medication
(http://www.who.int/medicines/areas/policy/world_medicines_situation/WMS_ch18_wTraditionalMed.pdf). It is
more obvious if we would analyze such therapeutic fields as cancer therapy, or microbiological infections. In
these therapeutic fields the ratio of medicines of plant origin may reach the 60 per cent. According to the abovementioned WHO document – beyond the countries, which utilize medicinal plants traditionally – in the majority of
countries, which can be characterized by highly developed pharmaceutical industry, the application of alternative
therapeutic methods increased dramatically. In Germany, 80 per cent of the inhabitants use medicine of plant
origin at least once a year. The similar data in Canada is 70, in France 49, in Australia 48, in the United States
42 per cent. The acceleration of the consumption of products of plant origin was motivated by the fact that,
owing to up-to-date research activity, new compounds were found for therapeutic fields, which cannot be cured
by synthetics, even nowadays. The alkaloids of periwinkle (Catharanthus roseus), which cure the leukaemia, the
immune-stimulant compounds of purple coneflower (Echinacea spp.), the geriatric compounds of ginkgo (Ginkgo
biloba), the migraine killing parthenolides of feverfew (Chrysanthemum parthenium) and the Cavinton
synthesised from Vinca alkaloids belong to this group. Current success is the application of yew (Taxus
brevifolia); its biological agents are rather active compounds in cancer therapy.
The application of alternative curing methods is increasing continuously and in the first decade of the 21 st
century, the world market of alternative medicines enlarged by 5-18 per cent. In Europe, the value of the
alternative products sold is about 4 billion EURO, yearly. In Europe Germany is a leading country regarding the
consumption of these products (Fig.1.3). About 39 per cent of alternative products are consumed here. The next
country is France with 21 per cent share. In other countries the rate of consumption is less than 10 per cent.

Fig.1.3 Per cent ratio of European countries in consumption of alternative medicines of plant origin, which
represents milliard EURO value, yearly (WHO 2011)

1.5 MAIN STRUCTURAL ELEMENTS OF MEDICINAL AND AROMATIC PLANT SECTOR
The medicinal and aromatic plant sector consists of four structural elements, which are as follows:
production of raw material, wholesale, retail trade and export. The Fig. 1.4. shows the linkage of these four
functions. These structural elements can be present in the activity of any firms separately or they can be present
in joined form creating a complex system of activity. It does mean that in some cases the same firm (for instance
Herbaria in Hungary) plays a role in production of medicinal plants, in their wholesale and retail trade and in
export-import activity at the same time.

Fig. 1.4 The four structural elements of medicinal and aromatic plant sector

I. First structural element: production of raw material
Even nowadays about 90 percent of 1200-1300 medicinal and aromatic plant drugs and products, which
are present in the EU market comes from wild collection and is exported by developing countries. In Hungary 50
per cent of the of medicinal and aromatic plant raw material (5,000-8,000 tonnes dry drug) and about 60-70 per
cent of medicinal and aromatic plant species come from the natural ecosystems. However, the importance of the
cultivation, the production of the raw material in agrarian-systems will increase in the next decades. In Hungary
the amount of drugs, which comes from agrarian-system is about 50 per cent of the total production; while in
Germany 100 per cent comes from cultivation, even nowadays. In Hungary, the agrarian production, depending

on the applied technology, type of ownership of the land and other circumstances, is going on in five different
forms, which forms can work separately or in combined structure.
Production for domestic consumption or for the local market. It is a new tendency that the increase of
interest for medicinal and aromatic plants motivates their local or garden-scale production. The majority of
producers has a restricted experience in production of medicinal plant or has knowledge on overall agrarian crops,
only. Consequently they have no special equipments and technology for the production and the quality of the
product is uncertain. The outputs of this production form has a small influence on the total production of the
medicinal and aromatic plant sector, but contribute to the increase of domestic consumption and to the circulation
of the local market.
Family farms. In the family farms the value of the production is relatively high. In this production form plant
species are cultivated by special methods and they need a lot of manual work and are cultivated in small areas.
No developed technology is applied in the majority of cases. The spectrum of the plant species can change year
by year in the family farms, depending on demand. Characteristic species cultivated in this production form are as
follows: calendula, marjoram, thyme, valerian. However, we have to consider that more recently this production
form of some of these species came to an end as a result of quick technological development and their intensive
cultivation was started in Germany by large-scale technologies.
Agrarian producers with horticultural crops. From the point of view of ownership, the family farms and
smaller farms belong to this production form. It is the advantage of this production form that the „ecological‟
cultivation, which produce an increased value and is more and more preferred in Europe, can be best managed in
this structure. The size of the horticultural farms specialized for production of medicinal and aromatic plants is at
least 25-30 hectares or more. In the production structure of these farms the commercial crops are present too, to
ensure the crop rotation. The spectrum of medicinal plants is selected taking into consideration the technical
conditions of the farms as well as the possibilities of the coupling of plant cultures. According to the experiences,
about 3-6 different medicinal plants can be cultivated in this production form, which give an acceptable and stable
income. However, the optimal number of cultures depends on the local conditions.
For the reliable production, the farm has to possess special post-harvest technology, which is an important
precondition of gainful function. For instance it is important to have dryers and cleaning equipments of appropriate
capacity, and storage rooms. If they want to make products of higher value they need chopping machines, mills,
even distillers for the processing of the essential oil bearing plants. The effectiveness of these facilities can be
increased by the mechanization of material handling. Some characteristic culture of this production forms are as
follows: mint, pepper-grass, lovage, tarragon, balm.
Partly belongs to this, partly to the next production form when the farm produces high quality drugs on the
basis of special contract signed by national or foreign enterprises. In these cases the cultivation is going on taking
into consideration the GAP recommendation worked out by the expert of consigner firm.
Agrarian producers with field crops. From the point of view of ownership, it can be the production form of
the large farms, co-operatives and government farms. The crops cultivated in this form are well mechanized. All
cultivation steps from soil preparation up to sowing, plant protection, harvest and post harvest procedures are
made by machines. The size of each culture can be as large as 80-100 hectares. However, in the case of this
production form, to get a stable income, cultivation of at least 3-6 species is advisable. The advantage of crop
rotation can be utilized if other agricultural crops are also involved, which cultivation technology can be
associated with medicinal plants. It is important to have appropriate drying capacity because of the large amount
of fresh plant raw, which was obtained due to mechanical harvest. However, there are efforts world-wide for
introduction of the methods of integrated cultivation system in this production form, but the introduction of
“ecological” production seems to be out of reality. Some characteristic crops that can be cultivated in this
production form are as follows: caraway, coriander, milk thistle, and safflower.
Modern agrarian co-operatives. It is proved by foreign examples, especially examples from the
Netherlands and Denmark, that the farms specialised for farm like production of different crops do not want to
deal with the whole-spectrum of innovation, cultivation, processing and marketing. It happens in spite of the fact
that they have much better conditions of capital comparing to us. The farmers taking economical considerations
join into special co-operatives. Under the aegis of co-operatives, many field of activity, including innovation,
cultivation, processing of raw material and marketing, can be harmonized and optimized, economically. As a
result of co-operation stable supply of high-quality propagation material can be guaranteed, the development of
processing-technology becomes easier by concentrated installation, they can harmonize the marketing strategy
and the promotion of their interest becomes more effective.

II. Second structural element: wholesale
In the medicinal and aromatic plant sector the wholesale activities includes different aspects of action,
which are as follows: buying up the raw material, management of cultivation based on contracts, post-harvest
processing, product manufacturing and marketing (including export activity). The wholesale activity until the first
early 90s was a privilege of some firms in Hungary (Herbaria, Forest Product Company). This structure changed
in a great deal because of overall political and economical changes. The number of firms involved in this type of
activity multiplied in the first half of the 90s. However, the large number of wholesale companies generated an
unexpected competition, which resulted in temporary harm of natural flora, incalculable amount of the drugs in the
market and the decrease of drugs quality. As a result of the following concentration of capital the number of the
wholesale companies decreased considerably adjusting to the size of the country. The large companies have
about 1000 tonnes drug circulation /year, the smaller firms about 10-12 tonnes/year. The number of distributed
drug specification can be as much as 100-200.
III. Third structural element: retail trade
The small-scale marketing of medicinal plant drugs and its products is going on in the units of retail trade.
Before 1989 this activity was concentrated to the pharmacies of the Pharmaceutical Regional Centres and to the
shops of Herbaria and Forest Product Company (20-25 retail trade units). From the 90s – parallel with the
changes of regulations – there was an enormous increase in the number of shops selling drugs made of medicinal
and aromatic plants. In many cases, the medicinal plant drugs are sold together with food products in groceries,
too, as delicacy tea products. As the sellers usually do not have any experiences concerning medicinal and
aromatic plants, sometimes product of uncertain quality, or even harmful products appear on the shelves. The
situation is much more confusing if we take into consideration that the spectrum of the products increased
enormously lately (medicinal plant teas, tea mixtures, phytotherapeutic products, dietary supplements, medicinal
foods, cosmetics, etc.). However, the all-comprehensive and stable regulation of processing and trade of these
products is lacking in Hungary.
VI. Fourth structural element: export-import activity
The export plays an important role in the activity of medicinal and aromatic plant sector from the
beginnings. The Hungarian medicinal plant drug was a product of great demand on the world-market. However,
the structural changes of agriculture in the beginning of the 90s had an adverse effect on the export activity of
medicinal and aromatic plant sector, and the actual volume of the export is about one eight-tenth of the former
one. The import of the medicinal plant was without importance and it was restricted only to the tropical species.
Nowadays considerable amount of medicinal plant drugs are imported not only from the tropical countries but the
former socialist countries, as well as from western countries where the price of the drug is cheaper due to the
governmental subventions.
In the 80s there were only two companies (MEDIMPEX and Pharmatrade) with the government monopoly
of export-import activity of medicinal and aromatic plants. After the closing down of this monopoly the number of
firms dealing with export-import activity increased drastically. Now there is not any normative existing to determine
the number of export-import firms, but their number decreased continuously, due to the regulating effect of the
market. At the same time, some kind of product specialization appeared in this structural element of the sector.
1. 6 PRODUCTS MADE OF MEDICINAL AND AROMATIC PLANTS IN THE NATIONAL MARKET
The diversification of product made of medicinal and aromatic plants can be observed recently. It is going
on either by the transformation of traditional product form, or by creation of new products (or new group of
products). The most important actual groups containing medicinal and aromatic plant are shown in Fig.1.5.
1.61 Products marketed as common foods
Medicinal plants appear more frequently in the market as food products. Different categories exist inside
the food product. The simplest category is when the medicinal plant is sold similarly to the common teas. Such
products are for instance the flower of chamomile and linden or leaf of peppermint representing diverse level of
quality and packed in the tea bag. These products are present either on the shelves of shops specialized in

botanicals or in common groceries, food marketing chains or in any other shops. The disadvantage of the
products, which are sold in the form of tea, is that their quality is uncertain and even in the case of good product
no curing indication are allowed to attach.
1.62 Dietary-supplements
In the last years we can meet larger and larger amounts of food-supplements in the market, whose
composition and indications differ in a great deal and they belong to the category of food
(http://www.fda.gov/food/dietarysupplements/default.htm). A dietary supplement is a product taken orally that
contains a "dietary ingredient" intended to supplement the diet. The „dietary ingredients‟ in these products may
include: vitamins, minerals, herbs or other botanicals, amino acids, and substances such as enzymes, organ
tissues, glandulars, and metabolites. Dietary supplements can also be extracts or concentrates, and may be
found in many forms such as tablets, capsules, soft gels, gel caps, liquids, or powders. They can also be in other
forms, such as a bar, but if they are, information on their label must not represent the product as a conventional
food or a sole item of a meal or diet. The number of dietary-supplements in both the national and international
market increases continuously. During the last five years their number increased up to eight thousand.
1.63 Special foods
It is a worldwide tendency, that the food industry makes attempts to produce special foods and food
combinations (healthy foods, functional foods etc.) by the processing of medicinal and aromatic plants, or by
incorporating active agents, aromas, natural colorants isolated from these species. Based on the former
estimates the Hungarian food industry, even in the 80s of the last century, about 52 aromatic plant species have
been used for flavouring, aromatizing and colouring. Beyond these species further 20 natural aroma compounds
were utilized in a relative large amount. From the utilized 52 plant species 31 species were cultivated ones and
the drug of 10 species came from the wild by collection. The demand of food industry for natural colorants was
about 20 tonnes. Furthermore, large amount of plant drug is utilized by the factories specialized in the
production of soft or alcoholic drinks. They use about 30-35 different aromas, which can be purchased mainly
from abroad.
1.64 Galenic products
The Galenic products (date back to the Roman times) represent a conventional form of medicinal and
aromatic plants, which category compiles products of higher quality comparing to the dietary-supplements and
foods. The Galenic products are present in many European countries and they are produced in pharmacies and
in their special Galenic laboratories, using national or local recipes for preparation. These products are sold in
the form of „species‟ (tea or tea mixture), infusion (hot water extract), decoction (boiling with water), maceratum
(cold water extract), tinctura (alcoholic extract) etc. The importance of conventional Galenic product decreased
in the past decades because of the appearance of Galenic-like products made by pharmaceutical industries or
enterprises specialized in production of plant medicines.
1.6.5 Curing product (without medicine registration)
Introduction of the category of curing product (without medicine registration) in 1987 was a great success
of the Hungarian medicinal plant sector and created an up-to-date and controlled form of medicinal plant
utilization (http://www.ogyi.hu/lists/). The establishment of this category was based on the world-wide biological,
chemical, biochemical and pharmacological knowledge accumulated in the second half of the 20th century. The
largest amount of products of this type was registered between 1992 and 1995 when about 60 products were
introduced yearly. The spectrum of the products was relatively wide. According to the analysis of the
composition of the products about 220 medicinal plant species and about 400 different drugs were utilized in
their production process. The category of curing product in spite of the fact that they were conform with the
overall requirements of efficacy, safety and quality – after the adherence to EU lost its former importance.

Fig.1.5 Main categories of products made of medicinal plants in the market
1.6.6 Traditional Herbal Medicinal Product
The creation and introduction of the category of Traditional Herbal Medicinal Product (THMP)
(http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000208.jsp&mid=WC
0b01ac05800240cf) had a negative impact on the innovation of goods belonging to the foregoing category of
curing products (without medicine registration). In the former time, in the majority of European countries there
was no, or only deficient regulation of the utilization of medicinal and aromatic plants. Because of this anarchic
situation, under the aegis of EMA (European Medicine Agency) a directive 2004/24/EU on Traditional Herbal
Medicinal Product was accepted. The directive was adapted by Hungary with the Decree of Hungarian Health
Authority in 2005. By this regulation, the medicinal and aromatic plants and their products were sorted into the
category of medicines. Consequently, the products of plant origin having any health claim can be traded as a
category of medicine since 2011. The contradictions of the Directive accelerated different efforts to avoid its
paragraphs. As an example, in France a special list of medicinal plants has been constructed for food shop
marketing. In Finland, according to the present law, the THMP products can be sold in food shops. In many
European countries – as an adverse effect of Directive – there are attempts to withdraw the medicinal plant
drugs from the force of Pharmacopoeias. The medicinal plant drugs are put into the list of dietary-supplements
or into the aliments. The European system seems to correspond much more to the former, less scientific
American system. It means that in contrast to the original European goals, the utilization of medicinal plants
starts to move to the less controllable application fields.
1.6.7 Medicine
The Hungarian Pharmaceutical Industry uses – even nowadays – active agents of plant origin or
compounds which were synthesized from them. Because the compounds are isolated and structurally identified
compounds, their official registration in going on under the same registration procedure which is applied in the

case of synthetics. These products usually belong to the medicines of strong effect, they are subvented by
National Health Care system and can be sold if the physician describes them. However, we have to mention that
nowadays in Hungary the farmers only take place in production of poppy for production of raw of morphine.
About 8-10 thousand hectares of poppy (Papaver somniferum) is cultivated yearly for the Hungarian morphine
production.
1.6.8 Cosmetics and household-chemical products
The cosmetics and household industry utilize essential oils, mainly. Recently about 1400 different kinds
of essential oils are produced on industrial scale worldwide. Unfortunately, the local production decreases
continuously, and the fields of such traditional cultures as peppermint and lavender drive back to the
unimportant areas. The recent economic-political changes did not favour this unfortunate phenomenon, which
has started 15-20 years before.
Control questions:
1. When the large-scale production of medicinal plants has started in Hungary?
A. In the Middle-age
B. In the18th century
C. In the 19th century
D. In the 20th century
2. Which region of Hungary is the best example of utilization of natural plant resources?
A. Reg.1.
B. Reg.2.
C. Reg.3.
D. Reg.4.
3. In which documents can you find the official list of medicinal plant drugs?
A. In health descriptions
B. On the internet
C. In the description of National Medicinal Registration Agency
D. In the European and Hungarian Pharmacopoeias
4. Which plant is used in cancer therapy?
A. Calendula
B. Taxus
C. Majorana
D. Thymus
5. Which plant is cultivated on small-scale in gardens?
A. Carum
B. Silybum
C. Malva sylvestris
D. Chamomile
6. Which is one of the main elements of medicinal and aromatic plant sector?
A. Post-harvest processing
B. Retail trade
C. Collection of medicinal plants
D. Family farms
7. How many dietary-supplements have been listed since 2004 (when the product-category was introduced)?
A. About 1000
B. About 3000

C. More than 8 0000
D. More than 10 000
8. Which product is made in Galenus laboratory?
A. Dietary-supplement
B. Infusion
C. Curing product
D. Pharmaceutical Medicine
9. Which raw material is the most important for pharmaceutical industry?
A. Peppermint leaf
B. Valerian root
C. Echinacea herba
D. Poppy capsule and opium
10. Which product belongs to the food category?
A. Traditional Herbal Medicine
B. Dietary supplement
C. Curing product
D. Galenic product

2. BREEDING AND APPLICATION OF VARIETIES IN MEDICINAL PLANT PRODUCTION
Author: Zámboriné Németh Éva
2.1. SITUATION OF VARIETY DEVELOPMENT, SPECTRUM OF CULTIVARS
For the quality assurance of drugs and other products based on medicinal plants, a starting point is the
availability of plant material (species, varieties, intraspecific taxa, populations, etc.). Although the quality of the
harvested goods may be influenced by several other factors like agro technology, habitat, year, etc. moreover
many of them effects also the wild collected species, genetic background is of basic significance. Fulfilling the
requirements for special chemical ingredients, for proper yield and economical sustainability or even the
possibility of applying special technologies of high efficacy can be only achieved by plant genetic material
(cultivar, strain, population, etc.) of well known and stable properties. This principle is gaining more and more
emphasis in production of medicinal and aromatic plants, which is in connection with the development of quality
assurance systems, with the stringent requirements for standardized products.
In 2012 in Hungary we had 55 varieties of 25 different medicinal and aromatic plant species listed in the
so
called
National
List
of
Registered
Varieties
(http://www.nebih.gov.hu/szakteruletek/szakteruletek/novterm_ig/szakteruletek/fajta_szap/jegyzekek/nemzeti.html
). However, a real choice for varieties exists only in case of poppy (Papaver somniferum) and white mustard
(Sinapis alba) because the majority of the species possess solely a single variety (Table 2.1. and Figure 2.1. ).
Table 2.1. Poppy cultivars registered in Hungary
Name of variety
Alfa
Ametiszt
Botond
Buddha
Csiki kék
Eleonora
Evelin
Fortemo
Kék Duna
Kék Gemona
Korona
Kozmosz
KP Albakomp
Leila
Minoán
Morvital
Morwin
Nigra
Postomi
Tebona
Zeno Plus
Zeno V56

Year of registration
2004
2003
2006
2004
2004
2011
2003
2011
1973
1995
2008
1983
1998
2008
2005
2011
2009
2003
2004
2000
2009
2009

Direction of use
Industrial
Food
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Food
Industrial
Industrial
Food
Food
Food
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Food
Food

Ecotype
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Winter
Spring
Winter
Spring
Spring
Spring
Spring
Spring
spring
Winter
Winter

Figure 2.1. Description of marjoram variety „Magyar‟
Comparing this number to the number of registered varieties in any of the branches of horticulture, we
can establish that it is very poor, even if there are some varieties registered not in the list of medicinal plants but
elsewhere like sea buckthorn (Hippophae rhamnoides) among fruits or basil (Ocimum basilicum) or dying mallow
(Alcea rosea) as ornamental plants. There is not a so-called Descriptive Variety List (Publication about the
morphological and economical values of registered varieties) or List of Recommended Varieties Publication for
information of the producers, farmers summarizing the practical information about varieties determined in special
experiments for any variety of medicinal plant species. The situation is similar in other countries involved in
medicinal plant production, too. The background of the poor spectrum of varieties of medicinal and aromatic plant
species can be summarized as follows:
 In case of medicinal plant cultures, the income by selling the propagation material seems not to be
significant and attractive enough because of the relatively small cultivation surfaces of these crops.
 In case of the majority of species no alternative technologies or specialized processing methods have
been developed till recent times, which require different genotypes of really varying properties and
qualities.
 Import of foreign cultivars –as it is an alterative in other horticultural branches like vegetable production,
etc. - has not been a realistic solution either, because even in other countries there is a very poor choice
or no varieties of medicinal plants at all.
The majority of existing cultivars can not be considered as up-to date, either. Many of them were
released 40 years ago (!) and most of them were developed 5-15 years before, therefore their performance is

below the requirements today. As a consequence, in the practice we use, instead of the officially registered
varieties, different introduced populations or not closely defined accessions, which are propagated without
control. It happens when the officially released varieties can not be cultivated economically any more or their
propagation materials are not available.
In Hungary, the Law nr. 2003. LII. contains the official paragraphs about recognition of cultivars
(varieties)
and
multiplication,
propagation
of
seed
material:
http://www.vszt.hu/uploads//jogszabalyok/40_2004_fvm_12_07_17.pdf). The regulation on the official recognition
of
cultivars
is
formulated
in
the
Ministerial
Decree
Nr.
40/2004.(IV.7.)
FVM
(http://net.jogtar.hu/jr/gen/getdoc2.cgi?dbnum=1&docid=A0300052.TV&cel=P%2823%29). Some medicinal plant
species like poppy, caraway, mustard species, safflower and flax belong to the group of the large scale crops
which must not be marketed without a proper name of cultivar and without a field control by the auditing authority
(species of “A” list). The requirements for distribution of such large scale crops have been included in Ministerial
Decree2004. (IV.21.) FVM (http://www.fvm.hu/main.php?folderID=1624&articleID=4069&ctag=articlelist&iid=1).
For the majority of medicinal and aromatic plant species there is no obligation for using exclusively the
permitted propagation material of an officially registered variety but they are allowed to be brought onto the
market even without a variety name (e.g. marjoram, lavender, milk thistle, etc). Formerly, this group of species
has been called species of “B” list. However, even the propagation, distribution of these species should consider
the general regulations, respecting the limit values for purity and germination capacity. These properties should
be verified by NÉBIH (National Legislation Office) in frame of the seed certification procedure (Sampling and
control of the seed charge by the official authority, certification of its quality based on official trials and releasing it
in an official document).
This type of regulation however, does not mean that medicinal plant species do not need being improved
and developed by breeding activity. The demand for genotypes accumulating special active ingredients or
individual properties fitting for processing treatments is growing all over the world. Demands are coming from
both sides, from the farmers and processing industry as well. Agricultural producers are interested in using
varieties of high yields, stress tolerance, ontogenetical and morphological uniformity, appropriate features for
mechanization, etc. The processing industry – both small and large scale – considers the chemical composition,
the stable quality as primarily important characteristics. Today, obviously the needs of this latter one direct the
goals of breeding of medicinal plants. Numerous examples –mainly form Europe and US - can prove that the
basis of any up-to date product at the top of the production chain is the well established, selected biological raw
material included into the total quality management system. Therefore these companies direct the breeding
according to their goals and are financing it for the long run. It can be observed that the majority of processing
companies does not seek after an official variety registration procedure (Figure 2.2.) as seeds will be distributed
in a closed system among the farmers with bilateral contracts. Some gene stocks showing exceptionally high
value are defended by national or international patent (Figure 2.3.) which is able to protect the breeder‟s right
more effectively (e.g. ergot, poppy, clary sage).
Among the horticultural crops, breeding of medicinal plant species seems to have several difficulties, as
described. A broad spectrum of species, a wide taxonomic and technological diversity of cultures, many different
breeding goals according to the utilisation are characteristic. On the other side, medicinal plant products possess
a relatively tighter range and lower, fluctuating market turnover, have smaller cultivation surfaces therefore the
return of any investment into the breeding activity seems to be less certain and expectedly lower than in case of
related horticultural or field crops. On the contrary to other species of economically higher significance, realization
of the royalty fee (Payable to the breeder by the producer for utilization of a variety when propagating the seed
stock for own use. Regulated by Agricultural Ministry for 21 crops in Hungary) is practically impossible. The return
is even more uncertain as juristic procedure in case of illegal use is difficult because most of the varieties are
easy to propagate and hard to prove. A further characteristic feature of medicinal plant breeding is the fact that
development of new genotypes relies on a wide number of laboratory analysis which contributes to the
multiplication of costs.

Figure 2.2. Document for variety certification

Figure 2.3. Document for a patent on plant variety
Lack of information is deepening the difficulties of genetic development of our species too, as in
numerous cases the knowledge on inheritance, floral biology and cultivation methods is restricted. It is even more
characteristic for the recently introduced species (e.g. Centaurium erythraea, Verbena officinalis, Petasites
hybridus, Primula veris, etc.).
Successful evaluation, registration of plant cultivars and at the same time protection of intellectual
property rights is encumbered by the fact that DUS (Distinctness, Uniformity, Stability) examination protocols
required by UPOV (http://www.upov.int/portal/index.html.en) are not available for the majority of medicinal plant
species. They have been elaborated for only a small number of them, like poppy, fennel, lavender, chamomile
(Figure 2.4.).

Figure 2.4.DUS guideline for examination and evaluation of chamomile variety candidates

The number of breeding firms specialized in medicinal plants is limited. While 20-30 years ago Hungary
could be considered as unique for offering a relatively wide spectrum of medicinal plant cultivars, today there are
some breeder estates almost in each country. By the enlarging market of plant based medicines, dietary
supplements and similar products, more and more varieties are being developed in the world. There is a
tendency for preference and use of own cultivars for each country. In Eastern Europe, multiplication of seed
stocks is increasing because of the generally more advantageous ecological circumstances. However, sometimes
even our farmers are unable to obtain a good and reliable seed material in the market for their production.
2.2. GOALS OF MEDICINAL PLANT BREEDING
Goals of medicinal plant breeding- compared to other horticultural crops- are characteristically different
to some extent. These characteristic features are summarized in the following paragraphs.
Breeders are always straining for an enhanced yield. Here, the enhancement is not focused on the total
biomass but especially on the organs which provide the medicinally useful drug. Thus, increase of root mass and
optimising root morphology are the goals in the breeding of valerian (Valeriana officinalis) today. Increase of
shoot mass and improvement of leaf proportion compared to total shoot mass is the goal –among others – in
breeding of mint species (Mentha spp.), basil (Ocimum basilicum) or lemon balm (Melissa officinalis). Yield of
upper flowering parts –the so-called flowering horizon of the shoots- is of primary importance inside the total
biomass in breeding of some species providing herbal drugs like St. John‟s Worth (Hypericum perforatum) or
motherworth (Chrysanthemum parthenium). Enhancement of regeneration capacity would increase the yield of

several species through the possibility of multiple harvests in the same year. This may contribute to the
economics of the crop production in cultures of thyme (Thymus vulgaris), marjoram (Majorana hortensis) and
similar species.
Increase of the productivity of the propagation organs has been a goal in breeding of some vegetatively
propagated species. Thus, abundant and good quality stolon development (Figure 2.5.) in peppermint (Mentha
piperita) production or ample growth of adventitious shoots in breeding of tarragon (Artemisia dracunculus) is
important features.

Figure 2.5. Stolons (modified shoots developing in the soil) of peppermint
Another very frequent goal of breeding is the changing the accumulation of active ingredients of the
drug. Breeders strain for assuring an elevated level of the most important chemical compounds or optimizing the
composition and proportion of ingredients. Thus, enhancement of essential oil content has been the main focus of
selection of hyssop (Hyssopus officinalis) or lavender (Lavandula spp.) plant breeding. Increase of the level of
flavonoids has been fixed as breeding aim in improvement of gene stocks of St. John‟s Worth (Hypericum
perforatum) and milk thistle (Silybum marianum) but an elevated level of fatty acids is necessary in seeds of oil
pumpkin (Cucurbita pepo) or evening primrose (Oenothera erythrosepala). In some cases a complex of
biologically active materials are present in the drug which may slow down the breeding process. In several
species not only the total concentration but its composition is also important, e.g. proportion of carvone in
essential oil of caraway, proportion of chamazulene in the essential oil of chamomile or the proportion of
morphine among the alkaloids of poppy capsules.
In other cases breeders face the task to decrease or cease the presence of certain components of
adverse effects. A special example in this context is poppy (Papaver somniferum), because a high alkaloid level
may be the goal of breeding industrial varieties, however it should be avoided and minimized while breeding food
varieties. Selection activity has been carried out in order to decrease the level of beta-thujone (A monoterpene
ketone of thujone skeleton, frequent constituent of volatile oils. It has an adverse effect on the neural GABA
receptors therefore its level is maximized in the food industry). (e.g. Salvia officinalis) or the toxic pyrrolizidine
alkaloids (Derivatives of the bicyclic alkaloid molecule necin. Numerous adverse effects from stomach disorders
till the carcinogenous, mutagenous reactions have been proven). (e.g. Symphytum officinale). Concentration of
heavy metals in the drug is becoming more and more important as a drug quality parameter. It has been
described, that there is a difference in the accumulation potential among species and also among intraspecific
genotypes in this respect. Therefore breeding for low accumulation potential of heavy metals is going to be a
further goal of certain species, too (e.g. Hypericum perforatum, Linum usitatissimum).
In several species, visual performance of the drug is part of drug quality. Therefore improvement of
morphological characteristics is frequently among the breeding goals of these taxa. Breeding of lemon balm
(Melissa officinalis) or that of marigold (Calendula officinalis) should not decline of keeping an attractive green

colour of the leaves and a deep orange colouration of the petals, respectively. Similarly, the characteristic spicy
aroma of marjoram has been fixed as a breeding aim in several countries.
For the agricultural practice, plant characteristics enabling the application of intensive cultivation and/or
postharvest methods, mechanisation, large scale technologies may be of special interest and therefore also
frequent goals of breeding activity. These plant characteristics might stay in connection with growth dynamics,
competition ability (e.g. earliness, weed suppression potential, feasibility for mechanical harvest) but may be in
relation with propagation-biological features (e.g. closed capsule, non-flaking seeds, prompt germination, uniform
flowering time), (Figure 2.6.), or morphological traits (e.g. size of seeds, form of the roots, location of leaves).

Figure 2.6. Annual variety of mullein (background) with the biennial “wild” type (foreground)

Development of resistant or tolerant genotypes has a great significance in breeding of medicinal plants,
similarly to other crops. Unfortunately, this aspect has been marginally handled till now. Successful examples are
the establishment of resistant clones of peppermint against Verticillium species. Breeding is going on for
generating resistance in caraway (Carum carvi) and St. John‟s Worth (Hypericum perforatum) against diseases
caused by different fungi. An important goal should be the enhancement of tolerance against abiotic factors
facilitating acclimation of plants to unfavourable climatic or edafic conditions. Thus, efforts are known for widening
the spectrum of winter poppy (Papaver somniferum) varieties with enhanced frost tolerance and increasing the
salt tolerance of safflower (Carthamus tinctorius) in special areas of the Middle East. Cultivation of arnica (Arnica
montana) has only been successful after the development of its new variety (‟Arbo‟) of elevated tolerance against
calcareous soils.
2.3. BREEDING METHODS IN GENETIC IMPROVEMENT OF MEDICINAL PLANTS
The most frequently applied method in breeding of medicinal plants seems to be selection, each
individual, mass or clonal selection as well. One of the first (“historical”) examples was the development of new
strains of cinchona (Chinchona spp.) with increased capacity of active agent accumulation in the English colonies

in India during the middle of the XIX. century. A big advantage of selection breeding is that generally it is the
simplest and cheapest method. It needs less deep and species-specific genetic knowledge about inheritance of
different traits. Its drawback is that this method is able to stabilize only the existing genetic variability of the
populations. However, it has been successful in case of most medicinal plant species as they still have a wide
genetic background of appropriate diversity.
Efficacy of selection may be accelerated by provocative environment – as it has been useful in the
practice in breeding of poppy varieties of special alkaloid spectrum (Monaco, Kék Gemona). It might be
effective primarily in selection for higher level of active materials if choosing the individuals which are able to
accumulate the desired compounds even under unfavourable conditions. Experiments should be carried out in
controlled condition, e.g. phytotron chambers (Figure 2.7.).

Figure 2.7. Control of selected poppy strains in phytotron chamber
Crossing as breeding method is more and more applied in medicinal plants, as it is an appropriate tool
combining advantageous characteristics of two different genotypes. That was the goal in case of creating
combinations between annual and biennial varieties of caraway (Carum carvi), or between different chemotypes
of spearmint (Mentha spicata).
Both traditional crossing in vivo and fusions in vitro are followed by well oriented selection. Interspecific
crossing between species is less frequent. The poppy variety Kék Duna (P. orientale x P. somniferum) has been
established by this way. Crossing necessitates deep genetic and physiological knowledge on the target species
(e.g. on floral biology, fertilization, combination ability, inheritance, etc.)
A prompt increase of productivity can be achieved by heterosis breeding (Establishment of F1 hybrids –
generally based on inbred lines- which have considerably higher performance, vitality and acclimation capacity
then the parent genotypes.) This method necessitates –beside appropriate scientific information – also numerous
exact biological information; severe financial and also infrastructural requirements. It means the application of:
inbred lines or haploids, male sterile analogues, expensive maintenance system. Therefore in the practice, F1
hybrids have only been developed till now in cultures where industrial interest requires strong protection (clary
sage- Salvia sclarea, fennel- Foeniculum vulgare). Results are anticipated also for species where simpler
methods have not been successful enough (marjoram, thyme).
Development of polyploid genotypes. The members of several genera constitute a polyploid row as it
has been described e.g. for yarrow (Achillea spp.), mints (Mentha spp.) and valerian (Valeriana spp.). Increase of
chromosome number however, is not always in connection with an increase of the drug mass or elevated
accumulation of biologically active molecules. Use of polyploidy is still very rare in breeding of medicinal plants. In
the practice tetraploid varieties broaden the choice of varieties only in case of some species like chamomile
(Matricaria recutita) and dill (Anethum graveolens).

Applying mutation breeding for medicinal and aromatic plant species is not frequent yet, and its
spreading can not be anticipated either. As results are extremely uncertain and obtainable by chance, moreover,
species-specific knowledge and marker traits are usually lacking, its use for medicinal plants is realistic only in
certain cases where no other methods have been able to provide success. As examples, the development of
Verticillium resistant strains of peppermint and the creation of ergot strains of specific alkaloid spectrum can be
mentioned. The Hungarian candidate variety of medicinal nightshade (Solanum laciniatum) of determined growth
habit or the Polish variety ‟Topas‟ of St. John‟s Worth (Hypericum perforatum) have been developed also by this
method. Gamma irradiation or chemical mutagens are applied as mutation agents.
Recently, molecular methods are spreading, too. Elaboration of in vitro techniques (tissue culture,
regeneration) has been started already in the 1970s. Now there are well established technologies for several
species (Carum carvi, Digitalis lanata, Mentha piperita, Datura stramonium, etc.), but their high cost restrict the
practical application in breeding. Molecular genetic (mainly RAPD, SSR, AFLP) and isoenzyme markers
(Morphological, chemical or genetic traits which are in connection with another characteristics, therefore may
predict or indicate its presence) are gaining an increasing significance also in genetic improvement of medicinal
plant species. These results are used for sourcing of appropriate gene stocks for breeding (e.g. for hybrid
components), for authentication of varieties and origin or purity of drugs. Gene transformation (Transfer and
incorporation of chosen gene sequence(s) from one organism into the genom of another one). An obstacle of its
broader application in many species seems to be the lack of knowledge about biosynthetic enzymatic systems
and the determining genes. Research focusing on these aspects is however already going on by high intensity in
numerous laboratories of the world. Successful transformants are already known for example in poppy, lavender,
periwinkle (Catharanthus roseus) and peppermint. Nevertheless, introduction of transformed varieties into the
practice is not expected in the very near future considering their high expenses and the international adjustment
of GMO organisms.
Control questions: More answers are possible!
1. Which is the right answer?
a. Active compounds of medicinal plants are numerous, thus a large number of varieties exists in the world.
b. Majority of drugs originate from wild habitats, therefore breeding does not have big significance.
c. Need for varieties of medicinal plants is growing already, but the choice of cultivars is rarely appropriate.
d. Research institutes are not engaged in breeding of MAPs because their propagation materials are imported
from other countries.
2. What are the obstacles of broadening the variety spectrum of medicinal plants in many countries?
a. Producers do not have enough information
b. Breeding of medicinal plants is more difficult than that of other species
c. Small quantity of seeds for small production surfaces does not provide enough income
d. Knowledge on genetic background and inheritance is often not appropriate
3. What are the main requirements of the farmers for a medicinal plant variety?
a. Appropriate content of active ingredients
b. High yields
c. Bacterial resistance
d. Uniform ripening
e. Perennial, overwintering crops
4. What are the breeding goals in case of active ingredients of medicinal plants?
a. Increase of essential oil content
b. Decrease of microbiological contamination
c. Decrease of thickness of wax layer on the seeds
d. Development of varieties free of pyrrolizidin alkaloids
5. Do any resistant or tolerant medicinal plant varieties exist? Yes, for example:
a. Mildew tolerant poppy

b. Frost tolerant poppy
c. Rust resistant peppermint
d. Verticillium resistant peppermint
6. Which are the breeding methods most frequently used in medicinal plants?
a. Selection
b. Crossing
c. Heterosis breeding
d. Mutation breeding
e. GMO production

3. SIGNIFICANCE OF GROWING AREA, CROP ROTATION AND SOIL TILLAGE TECHNOLOGIES IN
MEDICINAL PLANT PRODUCTION
Authors: Beáta Gosztola, László Varga, Hella Simkó
3.1. SELECTION OF OPTIMAL GROWING SITE (BEATA GOSZTOLA)
3.1.1. Concept of growing site
The growing site is the place of cultivation, the environment, which provides the living conditions for
cultivated plant species. It includes the growing area‟s natural (ecological) and economic endowments too. During
cultivation the basic aim is to satisfy the biological needs of plant species as much as possible, because optimal
crop yield can be reached only this way. Plant of good condition is also much more resistant to pests, pathogens
or adverse weather conditions. On an unfavourable growing site it‟s impossible to achieve competitive production.
Interesting connection, however, that adverse environmental conditions (stress factors) can result in a
higher active substance content in case of some medicinal plant species. For example, the light-demanding
common goldenrod (which likes the more acidic, loose structured soils) cultivating on a high calcareous, alkaline
soil and in shade had higher total flavonoid content than under ideal environmental conditions. The main reason
of this is that effect of stress the plants‟ metabolism changes and certain biosynthetic pathways start to produce
the secondary metabolites more intensively. Naturally the biomass production of plants cultivated under
unfavourable conditions won‟t be optimal.
3.1.2. Determinative ecological factors of growing site
3.1.2.1. Latitude, altitude (light and temperature conditions)
Latitude and altitude influence the intensity of solar radiation, hereby the light supply and temperature
considerably. At different latitudes the incidence angle of solar radiation is different, it decreases from the Equator
towards the Poles, so the same amount of radiation energy is distributed over a larger surface. Thus, the
radiation energy and in this way the warming of Earth's surface is decreasing moving away from the Equator.
Altitude also affects light supply, because moving away from sea level the thinner atmosphere can transmit more
and more solar radiation. But temperature decreases upwards, approximately 0.5°C per every 100 meters.
Hungary is located at the height of 46 and 48° latitude, but it is very varied in terms of temperature and
light conditions because of its topography. The southern part of the Great Hungarian Plain is the sunniest (more
than 2100 sunny hours/year), and the least amount of sunlight is experienced in the Hungarian part of the Alps
(less than 1800 sunny hours/year). The highest temperatures are measured in the south-east part of the Great
Plain, here in July the average temperature is more than 22°C, and the coldest areas are in the North Hungarian
Mountains (the average temperature is 18°C in July). The pattern of heat sum values in the vegetation period is
also similar (Figure 3.1.). In case of perennial or overwintering plant species the temperature conditions of winter
are also very important (e.g. number of frost days, minimum temperature values, winter temperature fluctuations).

Figure 3.1. Heat sum of the vegetation period in Hungary

Because of this high meteorological heterogeneity both warm-demanding (e.g. Calendula officinalis,
Chrysanthemum cinerariaefolium, Cucurbita pepo var. styriaca, Lavandula species, Majorana hortensis, Malva
sylvestris subsp. mauritiana, Ocimum basilicum, Ruta graveolens, Salvia officinalis, Salvia sclarea, Satureja
hortensis, Silybum marianum, Thymus vulgaris, Trigonella foenum-graecum) and moderately cold-demanding
species (e.g. Angelica archangelica, Carum carvi var. biennis, Hyoscyamus niger, Hippophae rhamnoides,
Humulus lupulus, Verbascum phlomoides) can be grown in Hungary. But we can cultivate them successfully in
different parts of the country: warm-demanding species mainly in the southern parts (e.g. Tolna, Baranya, BácsKiskun, Csongrád, Békés county) while moderately cold-demanding ones in the northern regions. Winter poppy
can be grown most safely in the north-west of Hungary, because the fluctuation of winter temperature there is the
smallest, therefore the risk of frostbite is very low.
Since temperature and light supply are kind of environmental factors which can‟t be influenced by
agrotechnical methods or only hardly (e.g. using of adequate planting space, cultivation of breeded varieties,
active or passive frost protection, etc.), we should pay very much attention to them during growing site selection.
3.1.2.2. Topographic conditions
The exposure of the area, it‟s height relative to the environment, the slopes‟ steepness, the nearness of
low-lying areas also influence the light and temperature conditions of growing place, hereby the living
circumstances of cultivated plant species. In the northern hemisphere the south-facing slopes are warmer than
the north-facing ones because of the greater incidence angle of solar radiation. Artemisia absinthium, Hyssopus
officinalis, Salvia officinalis, Thymus spp., Lavandula officinalis like the south-facing, sunny, warm hillsides,
because they are light- and heat-loving species. Thus it is no coincidence that lavender cultivation evolved in the
region of Lake Balaton on the southern slopes of Tihany peninsula (Figure 3.2.). In case of some medicinal plant
species (e.g. Chrysanthemum cinerariaefolium, Majorana hortensis, Pimpinella anisum, Rosmarinus officinalis) it
is particularly important to select frost protected growing sites. At marigold cultivation the low-lying, humid places
are very disadvantageous because the risk of powdery mildew infection is high under these circumstances.

Figure 3.2. Old, abandoned lavender plantation in Tihany
3.1.2.3. Amount and distribution of precipitation
Precipitation is one of the most important climatic elements of agricultural production, but its distribution
is very variable both in space and in time. Water is indispensable in plants‟ life, although there are big differences
between their needs. Angelica archangelica, Ocimum basilicum, Digitalis lanata, Echinacea purpurea, Humulus

lupulus, Calendula officinalis, Levisticum officinale, Valeriana officinalis, Cucurbita pepo var. styriaca, Majorana
hortensis, Mentha x piperita, etc. are water-demanding species, while Cnicus benedictus, Hyssopus officinalis,
Thymus vulgaris, Lavandula angustifolia, Salvia sclarea, Verbascum phlomoides, Chrisanthemum
cinerariaefolium, Plantago lanceolata, etc. are drought-tolerant plants with lower water-demand.
The rainiest area in Hungary is the Hungarian part of the Alps (in the western part of the country), where
the annual amount of precipitation is more than 800 mm. And the least rain falls in the central part of the Great
Hungarian Plain (less than 500 mm/year) (Figure 3.3.). In Hungary otherwise the annual precipitation can‟t satisfy
the plants‟ needs in general.

Figure 3.3. The annual amount of precipitation in Hungary
When we evaluate a growing site in terms of precipitation, we should allow for further aspects too, such
as: precipitation during the vegetation period (which is usually 55-65% of the annual amount), rainfall intensity
(mm/minute or mm/hour), number of rainy days, frequency of hail, frequency of precipitation-free periods, number
of snowy days (it‟s very changeable: in the Great Plain 30-35 days, while in the North Hungarian Mountains 100
days), the first and last day of snowing, etc.
Thus during growing site selection precipitation conditions of the territory should be considered too.
Although this environmental factor can be slightly modified by agrotechnical methods (e.g. irrigation), they can be
applied only in very reasonable cases and in relatively small areas because of their high cost. If we have to
supply the missing amount of water with irrigation, it‟s important to have irrigation facilities and irrigation water in
the selected area.
3.1.2.4. Prevailing wind direction, wind speed, frequency of gusts
Wind is a natural phenomenon, but too much of it can damage the soil (deflation) and the vegetation too.
Permanent strong winds can injure the foliage of plants, and the sand carried by wind can depose on the leaves
of plants, clogging stomata. Wind also enhances the evaporation rate, furthermore dries the top layer of the soil.
In spring it may inhibit the development of young, delicate plantlets and at flowering it can hinder the activity of
pollinating insects. Moreover, wind can carry away the small seeds from the loose, dry soil after sowing. Naturally

it has beneficial effects too, such as wind can offset the negative weather conditions; in spring March winds dry
the too wet soil which is unsuitable for cultivation yet; it may facilitate the pollination and fertilization; as well as it
can enrich the fertile layer of the soil with carried fine dust and loess. In Hungary the most frequent wind direction
is the north-west (Figure 3.4.).

Figure 3.4. Wind map of Hungary
Taller-growing species (e.g. Malva sylvestris subsp. mauritiana, Silybum marianum, Verbascum
phlomoides) usually require wind-protected areas, just like plants which scatter their seeds easily. In this case
windy weather during ripening may cause considerable loss. In a windy growing site we can defend against wind
with planting hedgerows or forest belts or with setting-up fences and wind break meshes around the territory. On
the other hand, we can utilize the advantageous effects of wind, for example in plant protection. If we produce
rows parallel with the prevailing wind direction in the course of marjoram sowing, wind will stop the warm, humid
microclimate within the population. This way the probability of alternaria infections can be reduced.
3.1.2.5. Soil conditions
Soil conditions, such as type and structure of the soil, its pH, nutrient and lime content, the thickness and
homogeneity of fertile layer, the level and fluctuation of ground-water, the soil‟s water-holding capacity and water
permeability, the soil‟s contamination by pests and pathogens, etc. are also very important aspects during
growing site selection. Plants should be cultivated in a kind of soil which can satisfy their biological needs
completely. And although some soil properties (e.g. structure of the soil, pH, and nutrient content) can be
improved significantly by agrotechnical methods, others can hardly be modified or not at all (e.g. thickness of
fertile layer).
The most important soil types (in Hungary):
 brown forest soil: it is found in the mountains and hilly areas under cool and wet climate. It has many
types, but each of them is brown coloured, has calcium deficiency and high clay content. Generally more
difficult to cultivate them, because the fertile layer is thin and the territory is often sloping, stony.

 chernozem soil: it is formed on loessy lowland areas under drier climate. It is a good-quality soil type,
which can be characterized by thick fertile layer. It is medium heavy and rich in nutrients.
 sandy soil: it has loose structure; therefore it is prone to deflation. Sandy soils‟ water permeability is
good, but their water-holding capacity is weak. The lower organic material content is typical of this soil
type. However, its advantage is that it can warm up easily and animal pests can live in it only with
difficulties.
 saline soil: it contains an excess of water-soluble salts, especially sodium. Salts are found partly
dissolved in the soil solution, partly bound on the surface of soil colloids or as crystalline salts. Saline soils
are very heavy, their water receiving capacity and water permeability are very weak but their water-holding
and nutrient supply capacity are very good. These are suitable for only a few plant species‟ cultivation
(e.g. chamomile).
 humic gley soil: the periodically too much wet played a significant role in their formation. This kind of
soils are very heavy and clayey, it is very difficult to cultivate them. Their humic substances are grey or
black coloured and sticky. Nutrients, especially phosphorus and nitrogen are bound strongly in them. Their
water receiving capacity and water permeability is weak, but their water-holding capacity is very good.
At growing site selection the pH of soil should be also considered, because this is a kind of feature,
which can‟t be influenced significantly in large areas by agrotechnical methods. Many plant species are
undemanding in terms of soil‟s pH (e.g. Angelica archangelica, Mentha x piperita, Achillea collina, Sinapis alba,
Anethum graveolens, Humulus lupulus, Calendula officinalis, Levisticum officinale, Carthamus tinctorius,
Oenothera erythrosepala), but there are demanding species too. Vaccinium myrtillus, Castanea sativa, Arnica
montana can survive only in strongly acid soils, while Melissa officinalis, Hippophae rhamnoides, Hyssopus
officinalis, Matricaria recutita, Echinacea purpurea, Lavandula angustifolia, Valeriana officinalis, Althaea
officinalis, Verbascum phlomoides, etc. are fond of alkaline soils.
The nutrient content and nutrient supply capacity of soil are also important characteristics, but these can
be modified significantly by natural (e.g. green manuring, organic fertilization) or artificial (application of chemical
fertilizers) methods. Nutrient-demanding species: e.g. Angelica archangelica, Hyoscyamus niger, Mentha x
piperita, Levisticum officinale, Leuzea carthamoides, Cucurbita pepo var. styriaca, Ruta graveolens. Low
demanding ones: Cnicus benedictus, Achillea collina, Sinapis alba, Trigonella foenum-graecum, Hippophae
rhamnoides, Hyssopus officinalis, Matricaria recutita, Oenothera erythrosepala, Silybum marianum, Verbascum
phlomoides, Chrysanthemum cinerariaefolium, etc.
The soil‟s contamination by pests or pathogens should also be examined before planting, especially if
we would like to cultivate perennial plant species. For example peppermint is very sensitive to the injury of
wireworms (Limonus spp.), root-knot nematode (Meloidogyne hapla), crane-fly (Tipula spp.) or cutworm (Agrotis
spp.), which chew the roots and rhizomes. If the selected area is infested with these pests, either serious soil
fumigation has to be made or other growing site should be chosen.
3.1.2.6. The natural vegetation of the area, plants of surrounding places
It is important to know the original flora of our growing site, because later the natural vegetation will
appear from time to time disturbing the growing cultures. Plants of surroundings (e.g. forest or forest belt, field,
meadow, pasture) can also influence the cultivated stands affecting their living circumstances. Positive effects of
surrounding vegetation: these can moderate the wind‟s speed and protect the soil; reduce the rate of evaporation
and increase the atmospheric and soil moisture content; these are natural territory delimiters and living spaces for
pollinating insects. But besides these we should calculate with some negative effects too, such as: surrounding
plants can deprive nutrients and water, can negatively affect the microclimate and may shade, these can facilitate
the multiplication of pests and pathogens and their weeds can cause problems too.
3.1.2.7. Proximity of high-traffic roads
Cultivation on territories along high-traffic roads should be avoided in case of medicinal plants (too),
because the risk of heavy metal pollution is outstanding there, which impairs the quality of produced product or
even makes it unsalable. Furthermore, the proximity of high-traffic roads disadvantageously influences the insect
pollination and because of winter road salting the soil‟s salt content may increase, which later inhibits the
development of cultivated plants.

3.1.3. Economic factors (LÁSZLO VARGA)
Economic factors also influence the requirement of a good cultivation location. The ecological conditions
can be good for the crops, but when the labour force is expensive, and the processing factory or the market is far
away, the transportation costs run up and they can ruin the whole enterprise. The following economical factors
should be considered to make a good decision:
3.1.3.1. Manpower situation
Significant amount of cultivated medicinal plants (e.g. marigold, mallow species, mullein, thyme,
marjoram, tarragon) can be cultivated economically only in small,- or middle scale farms (0.1-10 ha) because
some of the technologies can not be mechanize, it is labour-intensive. In the case of these species, the sufficient,
available and cheap labour force is an important economical factor. This is not so important at large scale farming
because everything is mechanized (e.g. anis, white mustard, carraway poppy, milk thistle).
3.1.3.2.. Distance from market and processing capacity, destinations, road conditions
Other prior question in location selection is the distance from processing factory or market. It is not
negligible how many kilometres should the raw material or processed product be transported. If the harvested
plant will be sold in fresh condition (e.g. for essential/volatile oil distillation) it is even more important. During the
long transportation time, plant parts can be damp and their quality decreases rapidly which will push down the
selling price or even the possibility to sell. Poor road conditions can decrease the travelling speed and increase
the travelling time.
3.1.3.3. Storage capacity, available buildings, machine stock
It should also be assessed whether there are empty buildings or other storage places nearby or other
possibilities to rent buildings, machinery and drying equipment which will be needed for the post harvest
technologies. Thus the enterprise could start with less capital input.
3.1.3.4. Cultivation traditions, territorial concentration, concurrency
The starting of a new enterprise may be supported by the traditional knowledge of the cultivated plants if
it has traditions in the area. Thus up-to-date technologies, plant varieties, cultivation experience and developed
processing possibility are already present. On the other hand, if many farmers are cultivating the same crop it can
lead to a competition between them. To prevent this competition and in order to increase economical and efficient
production, different cooperations had formed. One of these is the Producer Organisations (PO) in Hungarian
Termelői Értékesítő Szövetkezet (TÉSz). This is a new type of organisation where a community of producers and
salesman form a non-profit organization to coordinate the production and sale. Their aims are to reduce the costs
and improve the competitiveness by selling the individually produced crop together on the market. Nowadays this
type of organisation can be found mostly in fruit, flower (sureplants.nl, floraholland.com) and vegetable branches,
but in Western Europe (the Netherlands, Denmark, Germany) medicinal and aromatical plant producers (MAP)
start to established their own. Unfortunately in Eastern Europe, due to mistrust of one another, these processes
are only beginning.
3.1.3.5. Support system, territorial preference
In the choice of location of production it should also be taken into account that the region may have
some kind of state or EU funding. The most underprivileged micro-regions get more options to apply funds to aid
job-creating businesses or other financial support. These parts of Hungary are Southern Transdanubia, Northern
Hungary and the Northern Great Plains where the unemployment ratio is the highest (Figure 3.5.).

Figure 3.5. Unemployment rate in Hungary (May, 2011)

3.2. THE ROLE OF CROP ROTATION AND PRE-CROP (HELLA SIMKO)
3.2.1. The definition of crop rotation and its elements
During agricultural production instead of monoculture cultivation (only one species is grown after itself for
a long period at the same habitat without changing) (which depletes the nutrients and water resources of the soil
one-sidedly and in the long run it impoverishes the soil making the soil less fertile at the end) it is worth applying
crop rotation, alternation of crops because this way not only the yield can be increased but the quality as well,
accordingly an environmentally friendly and sustainable agricultural production can be maintained. The more
unfavourable the environmental conditions are, the more important it is to apply crop rotation.
Crop rotation means the efficient utilization system of the habitat by cultivated plant species; or rather it
is a methodical plant-growing system, in which species follow each other in a pre-planned order both in space
and time. Species showing reduced yield-capacity after having been cultivated after themselves, can be
cultivated successfully only in crop rotation. When planning crop rotation there are four elements to be
ascertained:
-Plant combination: that is to say, what kind of plant species are going to be cultivated at the (to some
extent) uniform area of a given farm. While considering the range of species, the aim must be to involve more and
more species into crop rotation in order to make the diversity-level higher. Of course this must be adjusted to the
market demands.
-The ratio of species in crop rotation: Means defining the area-percentage of each species in their sector
taken from the total area. In this case there are many factors to be taken into account, primarily the economic
situation of the farm (profitableness, possibility of sales and of establishing power agriculture and manual labour
supply etc.).
-Order of species: how the species follow each other (consecutively) on a given sector in the course of
time. By configuring the order of plant species, the green crop effect of the different species is determinant.
During cultivation, each species is a green crop of the subsequent species (coming next in the crop rotation).
-Circulation (rotation): Means defining a time period, which tells us how much time has to pass until the
species in question can be replanted to the same sector. The time interval, during which all of the species of the
crop rotation progress the whole area and at the end return their initiative sector, is called the crop rotation
interval.

3.2.2. Classification and types of crop rotations
Crop rotations, in which the composition and ratio of the cultivated species are particularly determined,
the order of the species is worked out both in space and time, are called classical or coherent crop rotation . Crop
rotations, in which we can not name concrete species but single out plant groups or families which possess the
same agricultural conditions (for example: vexillars, intertilled crops demanding organic manure, industrial crops,
Apiaceae species, etc.), are called frame crop rotation.
Crop rotations can be grouped according to the type of sectors. The sector (of a crop rotation) is the
basic unit of the crop rotation area, on which a given portion of the species is cultivated. On the basis of the latter
mentioned fact we can differentiate between simple-sectored crop rotations (where the sector of crop rotation is
occupied by one species) and divided-sectored crop rotations (where at least one sector is planted with two or
more species). Sectors within the crop rotation can be of different area.
Crop rotations can be divided on the basis of the crop rotation interval as well. There are short (lasting to
2-3 years), middle-long (lasting to 4-10 years) and long (lasting more than 10 years) crop rotation intervals. In the
short crop rotation the species reach their original sector soon, so the isolation against pathogens can not be
developed in due time. While establishing long crop rotations the organizational processes split into smaller acts
and then transparency becomes deteriorated. Therefore in general, farms are aimed at organizing middle-long
crop rotations.
If we are interested in involving perennial species into cultivation and crop rotation, which phenomenon
is very frequent at cultivation of medicinal plants, the sector occupied by the perennial plant (e.g. lavender) is left
out from the rotation during its cultivation and hence its sector is called sector out of rotation. After perennial
plants become superannuated, they are grubbed out and then their sector reconnects into the rotation area.
Instead the area of the newly planted perennial plant becomes the sector out of rotation. On the basis of the latter
mentioned facts, we can differentiate between crop rotations with and without out of rotation sectors.
Furthermore crop rotations can be irrigated or non-irrigated ones, agronomic (industrial, above 30 ha) or
intertilled/horticultural scaled (2-30 ha). Crop rotations consisting of only medicinal plants are very rare; the
medicinal plants are planted together with spiciferous plants at agronomic-scaled cultivations and primarily with
vegetables at smaller farms.
3.2.3. The objectives of crop rotation and the aspects of its planning
3.2.3.1. Maintenance and development of soil fertility
The amount of organic matter given to the soil by cultivated plants is very varying. Some species leave
less root and stubble behind, while others leave more amount of organic matter, which is replaced into the soil by
tillage. There are differences according to the speed of root-decay of the species. Some species possess roots
which decay faster; while others have roots which rot more slowly (the decaying root ensures the distribution of
humus the most perfectly in the soil). It has been observed that the amount of the organic matter left behind in the
soil is in positive correlation with the amount of crops gathered. By means of changing of species rooting to
different soil levels, the water management of the soil can also be improved.
When planning crop rotation one must pay attention to applying species possessing different root-types,
considering the amount, the type, the soil-netting ability of the root and even how deep it can get into the soil.
After species possessing slow-decaying roots it is suggested to plant species sown in spring. Species which root
deeply in soil are: liquorice, hyssop, valerian, medicinal pumpkin, Malvaceae spp., sage etc.; species which root
shallow in the soil are: tagetes, chamomile, marjoram and mint species.
The nutrition demand and the ability of nutrient intake of the different species are varying as well. Some
species are able to intake huge amount of nutrients from the soil (e.g. angelica, peppermint, lemon balm, hop,
lovage, medicinal pumpkin, sage and tarragon) and there are the vexillars which can countervail the nutrient
deficiency of the soil. By applying vexillars the soil nitrogen-content can be regenerated, hence less ameliorator is
needed during cultivation. That is why it is advisable to plant species possessing high nitrogen demand after
vexillars in the crop rotation. Furthermore after species of soil-depleting type, the sowing of species with high
nutrient demand should be avoided, and it is worth cultivating species with increased organic matter consumption
(intertilled crops) after plants which contributed to the organic matter of the soil (perennials).
After species requiring farm-manure and being cultivated usually at the beginning of the crop rotation,
the remainder plants follow according to their demand for farm-manure. Species requiring farm-manure are:
lemon balm, purple coneflower, rue, medicinal pumpkin, tarragon, rosemary; and species non-demanding for
farm-manure are: woundwort, tagetes, ox-tongue, white mustard, marigold, poppy etc.

3.2.3.2. Maintenance and improvement of soil water management
The effect of plant species on the soil water management is important primarily in non-irrigated
cultivations, while this effect is less determining under terms of irrigation. When planning the crop rotation we
must make sure that after a water demanding species, a xerotherm species follows. Species of high water
demand type are: angelica, common basil, peppermint, purple coneflower, lovage, valerian, marjoram and
species of low water demand type are: Satureja, absinth, common thyme, lavender, sage, hairy mullein,
rosemary, etc.
3.2.3.3. Maintenance and development of soil construction
If the cultivated species possesses wide leaves, their huge amount of green yield provides shade for the
soil, and it can moderate the unfavourable effects of the weather on the soil. It also lowers the impact power of
raindrops and the soil drying effect of the sun and wind. It can hinder nutrients from being washed quickly into the
subsoil and it helps preserving water content of the soil. Furthermore it is beneficial for the looseness and
aeration of the soil and for the biological activity of the soil. Green crops overshadowing the soil create good
conditions after being gathered for the tilling and they benefit the initial growth of the following plant.
Good shading plants are: densely sown species cultivated in single-crop system (for example: Apiaceae
spp., lady‟s thistle, mustard species) and species possessing huge leaves (for example: ox-tongue, hairy mullein).
Species with less shading ability are: intertilled crops (for example: basil, common thyme, marjoram) where the
spacings are free. When planning the crop rotation it is worth alternating good shadowing species with intertilled
species.
3.2.3.4. Protection against erosion and deflation
40 % of the Hungarian plough-lands can be found on slopes, where one must calculate upon regular
damages caused by erosion. Appropriately established crop rotations can do a lot for the protection of the most
valuable upper layer of the soil, full of nutrients. The best form of protection is the coverage of the soil by plants. It
is important that plants should protect the soil at critical period of time as well (for example: in the rainy days of
autumn, winter and early spring). Hence soil coverage must be ensured before sowing plants in spring at areas
exposed to erosion.
The protection effect of the vegetation is appropriate if the stand density is balanced, the rate of
shadowing is good and the vegetation period is long enough. Densely sown plants ensure higher protection level
than intertilled crops, that is why it is forbidden to cultivate intertilled crops on slopes having more than 12%
inclination.
At areas exposed to erosion we may involve a new accession before the sowing of the following plant in
crop rotation, on the stubble of plants gathered in summer (to obtain green manure), in order to increase the soil
preventing effect of the cultivation. For this purpose such plants are suitable which develop strong roots, grow fast
and have cheap sowing-seed (for example: fiddleneck, white mustard, fodder radish, summer rape).
3.2.3.5. Protection against replant problem
The sensitivity of plants concerning their cultivation after themselves is called soil sickness or replant
problem in practice. There are many reasons for the existence of replant problem, for example the accumulation
of toxic compounds in the soil, microbiological damage, deficiency of microelements, destruction of soil
construction, nematode infection in the soil etc. Its effect is a remarkable yield-reduction.
With the help of crop rotation the replant problem can be avoided, if we pay attention at the planning
stage to plant a given species, which can not be cultivated after itself, to the same sector only after certain years.
Otherwise the growing of the plant is endangered. The necessary waiting time has been calculated for several
medicinal plants, it is 2-3 years for Satureja spp., 4 years for common thyme and caraway, 4-6 years for flax, 3-5
years for poppy and 2-3 years for carthamus etc. If literature doesn‟t supply us with data relating to waiting time, it
is advisable to calculate with 3-4 years. Chamomile can be cultivated in monoculture as well.
3.2.3.6. Protection against weeds
Crop rotation is the cheapest and one of the most effective ways of cleaning weeds. With help of crop
rotation the frequency of clearings and the amount of herbicides used can be significantly reduced. Its effect is
based on the fact that there are two types of cultivated plants: „anti-weed” plants and „weed-growing” plants. The
characteristic feature of a good weed-suppressing plant is, that under their cultivation we carry out intensive and
careful clearing (for example: intertilled crops), and these plants hinder the growth of weeds by their fast initial

growing rate and by their huge amount of green mass (for example: ox-tongue, Jerusalem artichoke, lady‟s
thistle). Plants of weed-growing type are not able to act this way, they even have low initial growing rate and poor
foliage hence weeds can grow fast between them and can easily propagate. Weed-growing species are for
example: woundwort, fox-glove, flax, marigold and marjoram. When planning crop rotation one must be pay
attention to the alternation of weed-growing and weed-suppressing plants. Slowly growing species (coriander,
fox-glove, marjoram) must follow weed-suppressing plants.
The clearing can be supported by the appropriate timing of the different cultivation time of plants and of
the interval between the two consecutive plants. If we plant chamomile as green crop, and after it comes a plant
sown in spring, the summer weeds can be cleaned up to a great extent during stubble-ploughing and nursing. If
valerian was cultivated on the area the previous year (which is gathered at the end of October), and after it we
sow plants in late spring (for example: medicinal pumpkin), then we have the opportunity to clean up weeds
piercing out in early spring.
3.2.3.7. Preventive protection against pathogens and pests
When compiling the plant order it is an important principle that host-plants of the same pests and
pathogens must approach each other neither in time nor in space (for example members of Apiaceae,
Solanaceae, Brassicaceae families, or after the perennial vexillars the poppy, as they have common pathogens:
Fusarium spp.). Plants can be planted after themselves or after other host-plants until pathogens and pests lose
their vitality and reproductivity (isolation in time). While placing the plants we must pay attention that host-plants
of given pests and pathogens mustn‟t be planted even on the neighbouring sector in following years (spatial
isolation).
The transmission of pathogens and diseases from one plant to another can be moderated if host-plants
are alternated with non-host-plants, this way the food-chain of pests and pathogens is cut.
3.2.3.8. The importance of timing in soil preparations
When establishing crop rotation it is important to have enough time for soil-preparation after the green
crop had been gathered and before the following plant is sown. Hence plants sown in autumn are planned to be
planted after species gathered earlier. If plants gathered early follow plants sown in spring, the long period
between the two accessions can be used for cultivation of green manures (cover crops), primarily under habitat
conditions of higher precipitation levels.
By observing the mentioned principles of plant alternation, not only a balanced and higher yield can be
obtained but significant cost-saving can be counted on, as the beneficial effects of plant alternation can be
substituted only by expensive agrotechnical and nursing operations. Along with the economical and effective
cultivation, the unnecessary pollution of the environment is hindered as well, so we can establish an
environmentally friendly, sustainable farming (production).
3.3. APPLIED TILLAGE METHODS AND THEIR MACHINES IN MEDICINAL PLANT CULTIVATION (LASZLO
VARGA)
3.3.1. Aims of soil tillage
Tillage is the preparation of the soil by mechanical agitation, to create such a physical condition which
can satisfy the optimal needs of cultivated plants.
Main tasks:
•
•
•



Improvement of the air and water management of the soil (e.g. aeration, water conservation)
Regulate the temperature and nutrient management of the soil (e.g. the excessively wet,
clogged soil warm up more slowly, and the degradation of organic fertilizers is obstructed)
Increase the amount of available nutrients (e.g. manure, green manure, fertilizer allocation to
the soil, and stubble cultivation)
Soil overturning: change the rundown topsoil for the nutrient rich lower layer
To create a friable soil texture


•



To accelerate the residual degradation and enhance the biological activity of micro-organisms
Plant protection (e.g. by burying the weeds and the soil pests get unfold)
To shape the soil surface (make it flat, or ridge-shaped: e.g. in case of Horse-radish or Saffron
(Figure 3.7.)
Protection against erosion (e.g. use of hard duty rollers on loose, sandy soil for compressing)

Figure 3.7. Saffron cultivation in Greece
Properly selected and well-timed soil tillage techniques can be a good beginning of a successful
cultivation. Excessive tillage, however, can be just as harmful as the too rarely made one. It can cause nutrient
and water loss, accelerate the degradation of organic matter, increase the risk of nutrient leaching and the soil
structure can deteriorate, which could impair biological processes that are taking place in the soil.
3.3.2. Soil tillage technologies
3.3.2.1. Ploughing
It is one of the most commonly used methods of soil cultivation in Hungary. The tillage tool for this
technology is the plough (BrE) or plow (AmE). Depending on its type, two ploughing modes can be distinguished.
First is the single-sided ploughing which is made by the one-way plough (Figure 3.8.). It always turns the furrow
slices in the same direction, and because of this, ridges and furrows are formed in the field (the other aim is to
reduce the numbers of these). The other one is the reversible ploughing which is made by the turnwrest
reversible plough (Figure 3.9.). The plough lines can be turned over so the furrow slices fall on the different side
but in the same direction.

Figure 3.8. Single-sided ploughing

Figure 3.9. Turnwrest ploughing
For the determination of the ploughing depth, several factors must be considered, like the crop‟s needs,
the subsoil quality (highly stony or poor quality subsoil should not be turned over to the surface) and the physical
condition of the soil. There are 5 subdivision of the ploughing depth. The shallow ploughing: when the working
depth is 12-15 cm (rarely used nowadays). The middle deep ploughing with 16-20 cm depth, the deep
ploughing with 21-30 cm and the rose-bit ploughing with 30-40 cm depth. When it is more than 40 cm it is
called very deep ploughing (rarely used, e.g. in orchards before plantation). It is important to change the depth of
ploughing from year to year, to avoid the emergence of hardpans (dense layer of soil that impede drainage of
water and restrict the growth of plant roots), but a notched plough-share can also cause that.

The optimum time of ploughing is in the fall (autumn ploughing), because the soil is sufficiently moistly
by the abundant rainfall. Such soils are easy to crash, fewer clots are formed during the plough on the surface,
the tillage is also simpler and it makes the soil more capable to take in the winter rainfall. It buries the perennial
weeds and allows the manure to allocate into the soil. Autumn ploughing is used for the spring planted crops
(spring crops). In the case of autumn plantation, the ploughing should be carried out in the summer (summer
ploughing). If the weather is dry , the risk of significant water loss is higher in the soil, and the surface will be
rugged also. The ploughing can be made at spring time in some exceptional cases (e.g. the preceding crop is left
for stubble till spring time to reduce the damage of wind deflation in a loose and dry soil). The plough depth of
summer and spring ploughing can be maximum 16-20 cm (medium) to maintain soil moisture. As it is a drastic
intervention for the soil, more than one application per year is not suggested, also in some certain cultures, it can
be omitted. However, for manure allocation it is inevitable.
When considering the speed of ploughing we take into account the fact that by a slower speed the
turnover of the furrow slices will be better and the ploughing depth more even, than at a faster speed.
3.3.2.2. Use of disc
After the plough, disc is the second most widely used tillage machinery. It is made with discs, which have simple
(Figure 3.10.) or serrated-edge (Figure 3.11.), it can be in one-or two layout. Concerning their weight, heavy and
light type can be distinguished which work in different tillage depth. These tools are responsible for crumbling,
and crushing the soil rug and crop residual. The scalloped-edged discs have an intensive crushing and shredding
characteristics, thus it is used on stubble fields with a lot of plant remains. The application of disc has an
important role in the weed control. They can be used to reduce annual weeds, but on the other hand they
propagate – cut into pieces which rise a new plant - species with creeping rhizomes. It also has a mixing and
loosening function, plus it makes the surface flat. The seed bed preparation with the discs during a dry period is
not recommended, because after that the soil can dry out easily and the germination won‟t be appropriate.

Figure 3.10. Simple edge disc

Figure 3.11. Serrated disc / Harrow disc
Other advantage of the discs is the large working widths, the high performance, and low cost requirements. It has
a huge importance by stubble cultivation and in the soil preparation before sowing.
3.3.2.3. Soil loosening
During the loosening of the soil, solid particles get farther apart from each other, thus the soil volume
increases. Because of that it can absorb more moisture (the available water capacity and water permeability is
improved), and the aeration ameliorate. In a loose soil, plant roots can grow stronger as they run into less
barriers. Other advantage is the break of hardpan (which was caused by ploughing) and it makes deep cultivation
for specifically deep-rooted plants. This method does not dry out the soil like ploughing. It has herbicide
properties too (cut-off weed roots), and can be used for surface forming, but its mixing effect is minimal.
Main tools of loosening are the soil loosener (Figure 3.13.) and the cultivator. They are commonly
grouped by the depth of soil loosening. Starting from the surface, in the maximum 15 cm deep loosening is made
by cultivator, between 15 and 30 cm with the heavy culltivator, from 30 till 50 cm with the middle deep
loosener and from 50 to 90 cm with the deep loosener. Loosners are used between 30 and 90 cm and the
cultivators in the upper 30 cm.

Figure 3.13. Soil loosener

The cultivators can be divided into inter-row (Figure 3.14.) and field type, according to their use. The
inter-row cultivators have fixed arrow shaped shares, and work in the upper 5-10 cm of the soil. It is ideal for wide
row space crops that need proper weeding. The field cultivators can be light (Figure 3.15.) or heavy duty
cultivators which is also called Chisel-plough (Figure 3.16.). It has chisel-shaped shares, and the tillage depth is
between 8 and 20 cm. It can be used out of the growing season (eg, stubble cultivation, sowing soil preparation).

Figure 3.14. Inter-row cultivator

Figure 3.15. Ligth duty cultivator

Figure 3.16. Heavy duty cultivator or chisel-plough
3.3.2.4. Rotavate
It is made by a tool called rotavator (Figure 3.17.), which are equipped with rotating blades. They cut the
soil, and throw the slices with a great force to the cover plate, whereby it will be fragmented. Its aim is crumbling
and weed control, except for the creeping perennial weeds. Other advantage is that it mixes the organic material
(e.g. green manure, organic fertilizers) better than other technologies and it leaves the soil surface without ridges
and furrows behind. Its disadvantage is that it can be used only in case of narrow soil moisture condition and
good humus content. This work type has a relatively high energy needs.

Figure 3.17. Rotavator

3.3.2.5. Harrowing
Different types of harrows are the tools for it. These can be the following, spring-tooth harrow (most
common) (Figure 3.18.), rotary-, power harrow (Figure 3.19.), or chain harrow (for a better soil aeration). All of
these harrows shape the upper 3-10 cm of surface through clod breaking. After the tillage the topsoil will be
friable and traversed by air. These give an insulate nature which can hold more moisture in the soil. It is
applicable for sowing cultivation, stubble cultivation in meadows and pastures where chain harrows are used. The
difference between the harrowing and cultivator use is tillage depth. The harrow has several but short tines.

Figure 3.18. Harrow bodies

Figure 3.19. Rotary harrow
3.3.2.6. Soil smoothing
Forming the surface of the soil is very important for the tillage. Drag is used for it, which is usually a
simple wooden, concrete or steel beam that is dragged by a tractor (Figure 3.20.). For loose and sandy soil lath
or angle drag, for rugged clayey soil iron drag can be used. It is not recommended on wet argilliferous soil,
because it could grease it. It should be neglected in trampled and weed occupied soil, harrow is suggested here
instead. The main aim of soil smoothing is the plough cultivating (it is fixed after the plough in an 45° angle) to
crumble the rug and to flat the surface which is important for seed bed preparation. A flat surface have better
water conservation, and the evaporation is smaller.

Figure 3.20. Iron drag
3.3.2.7. Rolling
Breaking up large soil is the primary aim of the use, secondary is the flattening of the land, whereby the
soil particles get closer to each other thus the air and water content of the soil reduces (it is opposite of the
loosening). It is appropriate to use, always after sowing whereby the flattening reduce the void fraction. Thus the
soil warms up faster, conserves the water better, the organic substances degrade easier so the seed starts the
germination in a much better condition.
The tool for it is the roller, which can be variable. For a less rugged soil the flat roller (Figure 3.21.), for
medium rugged or to work in a deeper soil level the ring rollers (Figure 3.22.) are used. On hard clay soil, for the
big soil particles the Cambridge,- Crosskill rollers are useful (Figure 3.23.), the Campbell roller is good for the
deep compressing and for the fast closing after ploughing.

Figure 3.21. Flat roller

Figure 3.22. Ring roller

Figure 3.23. Hard duty rollers
Besides the breaking up, it makes the surface flat. In exceptional cases it can used for plant protection in
winter time, where the sprouted crop are pushed back into the ground to help the root development.
3.3.2.8. Use of combinator
The most unintended effect of tillage is the compaction of the soil through the trampling. The damage is
increasing each time we go to the field. The smaller the contact part of the machine with the ground the greater
the pressure is on it (Figure 3.24.). This side effect can be reduced by use of special, agricultural tyre with bigger
surface or by decreasing the numbers of work processes in the field, that is what we use the combinatory for.
Where (Figure 3.25.) soil loosening (cultivator + harrow) and compressing (different roller) parts are connected,
thus the two processes can be made in one turn. It is ideal for seed bed preparation.

Figure 3.24. Soil compaction effect by different rubber types

Figure 3.25. Combinator

3.3.3. Classic order of soil tillage
3.3.3.1. Stubble ploughing
This is the first process after the harvest, which should be done as soon as possible. It is usually done
by discs, sometimes with cultivator in the upper 6-10 cm of the surface. For better water conservation it has to be
compressed (close the surface) with a roller in one turn (Figure 3.27.).

Figure 3.27. Stubble ploughing
During this phase the crop residuals are chopped, this accelerate the degradation process because of
the bigger active interface. It also helps the topsoil reserve humidity. It has an important role in the weed control
by helping the weed emergence which will be annihilated by primary tillage, and the loose surface has a smaller
resistance impact next time so we can save costs as well.
3.3.3.2. Stubble cultivation
Stubble cultivation is the process when the stubble ploughing is repeated 3-6 weeks after the first one. It
is necessary if too much time passed between the stubble ploughing and primary tillage, and the weeds start to
overrun the field. Perfect tools for this are the different clump or nugget breakers (discs, cultivator, combinator,
rotary-harrow). The tillage depth is 10-15 cm in a 10-45° gang angle. In the end it has to be compressed (closed)
with roller.
3.3.3.3. Primary tillage
Primary tillage is a tillage technology which produces a rough surface, and has a long term effect on the soil
during the growing season. It also crumbles the soil in the top sub layer. The primary tillage is often classified
into two types:
1, With turning (Intensive tillage), where the main tool is the plough. It can be used for shallow-rooted crops
beside good soil condition or for manure allocation.
2, Without turning (Reduced tillage, Conservation tillage) main tools are discs, cultivator, looseners. It can be
used in arid climate or for a deeper tillage when the ploughing is unadvisable. If the upper (40 - 45 cm) layer of
the soil is good for crop growth the loosening can be omitted (it is appropriate to fit for the root-zone depth).
3.3.3.4. Smoothing the primary tillage

It is not necessary if the primary tillage is done in autumn or spring time before sowing or plantations (the
winter freeze breaks the bigger soil fragments, and the water from rainfall gets easily into the soil through the
wide ditches on rough topsoil. In case of small seeds that need an early spring sowing, the autumn ploughing
needs a surface shaping (drag) in that autumn, too. The same applies of the autumn sowing crops. The
smoothing, loosening, crumbling and surface shaping are done combined, to improve the quality of the previous
process. Tools are the drags, rollers, discs or combinator. Rollers are often used to close the soil after ploughing
to protect the soil water capacity from evaporating. The smoothing has to be done together with ploughing.
3.3.3.5. Secondary tillage / Seed bed preparation
This is the most carefully performed tillage/cultivation method. The aim is to prepare a good quality seed
where the crop can easily germinate. The main characteristics are: flat, crumb, weed free, wet, loose in the
topsoil but compressed in the subsoil layer. A crumb and moisty soil has good water and air capacity, the
heterogeneous and rugged soil cause uneven emergence of the seeds. The flat surface is needed for the
appropriate sowing depth.
The preparation for spring crops (March, e.g. fennel, white mustard, carraway, coriander, marigold,
marjoram, marian thistle, spring poppy) include autumn ploughing plus smoothing, and crumbling in spring (e.g.
spring-tooth harrow). If we sow small seed crop, the soil needs a proper compression with rollers (flat roller). Late
spring crops (April-May, e.g. basil, borage, Shelled pumpkin) need crumbling 1-2 times till the sowing
(combinator, harrow, cultivator), to prevent the weed emergence. In summer crops (e.g. chamomile) the seed
bed preparation is after the ploughing. If there is less time between that two, then they are done together. It is
called plough-sowing. The primary tillage can be omitted because during the seedbed preparation it is also made
(Figure 3.28.). If there is enough time, it has to be repeated it for weed controlling. For autumn crops (pl.
foxglove, lovage, sage, autumn poppy) a late summer ploughing is performed which have to cultivate (discs,
harrow) soon after, and it must be repeated if the weed level increases, or prepare the seed bed omitting the
ploughing. In that case, after the previous crop harvest the soil needs to be loosened 3-4 times in the sub layer.
Use of rollers is needed after the discing to close the soil.

Figure 3.28. Ploug-sowing
3.3.3.6. Smoothing after sowing
Perfect tools are rollers or harrows which are connected to the sowing part of the machine. Main function
of smoothing is covering the seed with soil and compressing it, to help the germination. Thereby the soil water
conservation improves and it warms up sooner. Nowadays it is done together with sowing.

Control questions (more good answers are possible):
1. Where would you cultivate the marigold which has a Mediterranean origin?
a. Humid part of the North Hungarian Mountains
b. Easily warming up growing sites
c. Little Hungarian Plain (Kisalföld)
d. Area of the lake Balaton, with a fresh fertilized soil (manure)
2. Which ecological factor can be less influenced/regulated by agricultural technique?
a. Temperature
b. Water regime
c. Soil nutrient content
d. Wind
3. What advantages does a southern side hill have?
a. Warms up faster
b. It is moist
c. Less windy
d. Less frost-sensitive
4. Which is the least important economical factor for carraway cultivation?
a. Proximity of processing place
b. Cheap labour force
c. Number of competitors
d. Existence of storage capacity
5. Which statement is not true for crop rotation?
a. Increases yield and quality
b. Reduces the amount of pesticides use
c. Simplifies the work organisation
d. Gives protection against erosion and deflation
e. Improves the soil texture
6. What is the period of rotation in medium-long crop rotation?
a. 1 year
b. 2-3 years
c. 4-10 years
d. More than 10 years
7. What advantage does the proper crop rotation have in the cultivation process?
a.
b.
c.
d.

Reduce the weed ratio of the field
Reduce the soil erosion
Improve the soil water conservation.
Reduce the drying effect of the sunshine and wind

8. Which plant order can be recommended in crop rotation?
a. Basil after marjoram
b. Thyme after shelled pumpkin
c. Poppy after peas
d. Anise after coriander
9. Why is loosening important?
a. Improves the air and water management of the soil
b. Decreases the erosion

c. The roots can progress better
d. The soil warms up easier
10. In arid climate areas which primary tillage technologies can be recommended?
a. Ploughing
b. Middle deep and deep loosening
c. Rotavate
d. Use of cultivator and roller
11. When should primary tillage with turn be done?
a. To allocate manure to the soil
b. In arid climate areas
c. To avoid hardpan
d. When the quality of the subsoil is a bad
12. Which technology can not mix the soil?
a. Ploughing
b. Soil loosening
c. Discing
d. Rotavate
13. Which statement is not true for stubble ploughing?
a. It makes the soil structure friable
b. It allows the wetting of topsoil
c. It has a weed control effect
d. Improves the soil water capacity.
14. What is a bad seed bed like?
a. Have a flat surface
b. Have a friable structure
c. The topsoil is sufficiently compressed, sowing depth is sufficiently loose
d. Weed free
e. Moisty
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4. 1 PROPAGATION METHODS APPLIED IN MEDICINAL PLANT PRODUCTION
4.1.1

Introduction

Most of the cultivated medicinal and aromatic plants are herbaceous and capable to produce organs
(seeds, fruits, rhizomes, stolons, bulbs, corms, etc.) suitable to sexual (generative) or asexual (vegetative)
propagation. Sub-shrubs of Mediterranean origin of woody perennial habit (lavender, thyme, sage, etc.) are also
widely grown, which can be reproduced by seeds or by vegetative organs, if reasonable.
Economic considerations have primary importance in the case of propagation, as the costs of
propagation material can be rather significant within the whole growing input. If the market tendencies are
favourable, however, the return of these high expenses can be achieved with profitable production, especially in
the case of long cultures. The annuals are usually propagated by seeds and the utilization of direct sowing is
preferred from economic point of view.
In spite of the high expenses of propagation material, it may ensure several advantages to cultivation,
which are manifested in good utilization value of seeds, certainty of germination or rooting, high yields, constant
crop quality, etc... The number of medicinal plant varieties is quite low if compared with other field crops, thus,
cultivar name is only indicated in certain cases on the labels of propagation materials.
4.1.2

Widely used propagation methods in medicinal plant production

Plant propagation is the process, which is aimed at creating a new generation of plants from a variety of
sources: seeds, cuttings, bulbs and other plant parts. Similar to the other horticultural crops, generative (4.1.
ábra), or vegetative organs (Figure 4.2.) can be used for propagation (macro-propagation) or regeneration of in
vitro reproduced plants (micro-propagation) is also applicable in some cases.
The place of propagation can be the field (direct sowing, seedling growing, layering, etc.) or a protected
place (seedling growing, rooting of cuttings, etc.).

Figure 4.1. Nutlets used for propagation of sage (Photo by Pluhár, 2012)

Figure 4.2. Half-ripe stems of rosemary used to make cuttings (Photo by Pluhár, 2011)
4.1.2.1 Seed sowing
Seeds are small embryonic plants produced from sexual reproduction, being suitable for rising a new
generation of plants. As there is a probability of genetic recombination, plants grown from seeds have different
characteristics from their parents. The propagation method using seeds or fruits (Figure 4.3.) is called seed
sowing.
Seed germination is a process by which a seed embryo develops into a seedling. It involves the
reactivation of the metabolic pathways that lead to growth and the emergence of the radicle and plumule. The
emergence of the seedling above the soil surface is the next phase of the plant growth and is called seedling
establishment.

Figure 4.3. Ungraded achenes of marigold (Source: zh.wikipedia.org)
Properties of certified seed
Seed vigour measurements involve testing the viability of seed, the germination percentage and rate as
well as the strength of the seedling produced. Germination percentage and rate are affected by seed viability,

dormancy and environmental effects that impact on the seed and seedling. In agriculture and horticulture certified
seeds have high viability.
The seed utilized for propagation possess by characteristics specified in official standards in national
level. Seed testing and certification systems are developed and seed production is inspected by national
authorities.
Quality parameters of certified seeds are as follows: species and variety identity, purity, germination
capacity, thousand seed weight (TSW), grading and moisture content. These are all important with respect to the
success of sowing. Grading of seeds (Class I., II., etc.) is based on seed testing norms.
Utilization value (Uv) shows the mass ratio (m/m%) of applicable seeds indicating the percentage of
valuable (normal, healthy and viable) part of the seed item influenced by purity % and germination % as follows:
Uv= (purity % x germination %) x 100-1
Seed demand for sowing is calculated on the basis of quality parameters (purity %, germination rate%),
1000 seed weight and the required seedling rate per hectar.
Seed treatments
Many plants produce seeds with varying degrees of dormancy, and different seeds from the same fruit
can have different degree of dormancy. A number of different strategies are used by horticulturists to break seed
dormancy. Scarification allows water and gases to penetrate into the seed, include methods that physically break
the hard seed coat or soften them by chemicals (soaking, rubbing, cracking, etc.). Stratification or moist-chilling is
a method to break physiological dormancy and involves the addition of moisture to the seeds so they imbibe
water, then the seeds are subjected to a period of moist chilling to after-ripe the embryo. Sowing outside in late
fall and allowing to overwinter outside under cool conditions is an effective way to stratify seeds, as some seeds
respond favourably to periods of oscillating temperatures of the natural environment. Leaching or the soaking in
water removes chemical inhibitors preventing germination. Further methods are used to assist in the germination
of dormant seeds, including pre-chilling, pre-drying, light exposure, potassium nitrate, gibberrellins, cytokinins,
sodium hypochlorite and others.
In order to promote germination rate and seedling growth, preparatory operations on seeds are needed
at certain medicinal plant species. The following seed treatments are generally used to induce germination of
herbs, if necessary:
o Treatments breaking seed dormancy
 Pre-chilling: in the case of thermodormancy, seeds require cold treatment before
sowing if propagated in spring (e.g. lovage, Angelica, lavender)
 Pre-soaking: is used when seed coat is impermeable: e.g. Hypericum (Figure 4.4.)
 Use of growth regulators: pre-treatment of seeds by soaking in hormone (e.g. GA3)
solutions of different concentrations (e.g. lavender, species of wild origin).
o Abrading: in the case of seeds with hairs or appendices (e.g. annual caraway)
o Plant protection treatments:
 Disinfection by plant protection agents: seeds are coated by a coloured film layer (e.g.
anise seeds: Figure 4.5.)
 Preventive defence against damping-off and wilt of seedlings (e.g. Hypericum)
o Seed irradiation at poppy seeds, to avoid the task of the manual labour-intensive thinning.

Figure 4.4. Little Hypericum (St. John‟s Wort) seeds of hard and impermeable seed coat require presoaking prior
to sowing (Photo by Pluhár, 2012)

Figure 4.5. Anise seeds covered by coloured layer of plant protection agents (Photo by Fazekas, 2012)
Direct sowing
Sowing is the process of planting seeds. The purpose of sowing can be direct propagation or rising of
seedlings for further planting. Seeds are frequently coated or treated by pesticides, thus their appearance (colour,
size, etc.) may differ from the natural shape, which should be considered before setting the sowing machines.
Direct sowing is the most widespread, simple and economic method for propagation of medicinal and
aromatic plants, especially in the case of mechanized large crops (e.g. poppy, caraway), though, frequently
applied at labour-intensive small crops (pl. pot marigold) as well, if economical.
The most important aspects of sowing are the optimal sowing time, depth, type and pattern, which
should also be considered in the course of seedling growing.
The optimal time of open field sowing is determined by the soil structure, weather conditions and the
thermic demand of seed for germination. An earlier and deeper sowing is possible in the case of loose, sandy
soils, which warm up easily, if compared with heavy soils. Concerning weather conditions, soil temperature and
moisture content as well as the period of late frosts of the region are to be considered.
Typical sowing periods of medicinal and aromatic plants are as follows:
 Early March (at the first opportunity of soil tillage): poppy, caraway, mustard
 Middle of March: (at soil temperature of 5-8 oC): coriander, dill
 April (at soil temperature of 10-12 oC): anise, basil, oil pumpkin, safflower
 Late summer (late Aug – early Sept): chamomile




Fall (Sept-Oct.): winter poppy
Before winter (Nov.-Dec.): Digitalis, lavender, lovage, angelica.

Final soil preparation procedures can be timed to the planned sowing time as well as suited for the seed
characteristics and ecological demand of the medicinal plant .
Determining factors of sowing depth are seed size, light demand and duration of germination as well as
soil structure. In seeding, little if any soil is placed over the seeds (seedbed sowing), where the covering soil is
approximately 1.5-2 times thicker than seed size. The seed can be uncovered at the surface of the soil, when
light is necessary for germination, such in the case of chamomile and valerian. Duration of germination may also
influence the depth of sowing longer germination requires thicker coverage to avoid desiccation. Generally,
deeper seedbed is necessary on loose soils of low water capacity
Several sowing patterns exist these including diffuse sowing, sowing in single or double drill as well as
grid and stripe sowing. In the latter case, seeds are placed into stripes of 4-6 cm. According to plant-to-plant
density within rows, one may apply dense or precision drilling.
In medicinal plant cultivation, most seeds are sown using seed drillers, which offer greater precision, as
seeds are sown evenly at the desired rate. The driller also places the seeds at a measured distance below the
soil, so that lower amount is required. Rows are 12-48 cm apart, depending on the crop (e.g. anise, dill,
coriander, caraway, poppy, milk thistle, etc.) and growing conditions. Several row opener types are used.
The seed rates vary considerably depending on the species, soil conditions and farmer‟s preference.
Excessive rates can cause the crop to lodge, while too thin rate will result in inadequate utilization of the land,
competition with weeds and reduction in the yield. Covering is made in the course of sowing (Figure 4.8.).

Figure 4.8. Seed covering by Güttler roller (Photo by Fazekas, 2012)
In some cases, multiple cropping systems are applied, when sowing mixed seeds together using an
associate plant species (intercropping) (e.g. biennial caraway with the annual dill). The advantage of
intercropping is that the grower can harvest the annual crop already in the first year, when the biennial species is
only in an earlier developmental stage.
Transplant (seedling) growing
In transplant growing seeds are not sown directly to the growing site but under a covered or protected
place and with higher density. However, open field seedling growing technologies are applied at several
medicinal plants (lavender, sage, valerian, etc.) as well.

The advantage of this technology is that favourable climatic conditions are provided for initial growth of
seedlings, thus, earliness of crop can be achieved (Figure 4.9.). The procedure is cost effective at the very
beginning, when only small surfaces are occupied by large amount of seedlings. Further benefit derives from the
lower seed requirement if comparing with the direct sowing, as the germination is promoted under protected
places.
Among disadvantages, higher probability of quick dispersal of diseases can be mentioned because of
dense sowing as well as hand touching of seedlings in the course of pricking out.

Figure 4.9. Plastic tunnel without heating used for transplant growing (Photo by Pluhár Zs., 2011)
Duration of transplant growing in protected cultivation is usually 4-12 weeks, while in open field 2-12
months. Exotic species (ginseng, ginkgo, etc.) may have longer (1.5-2 years) seedling growing periods because
of weak germination of seeds and elongated early development.
Good quality of substrate used has primary importance in transplant growing, which can be ensured by
utilization of artificial soil mixtures (propagation soil premixes) prepared specifically for purposes of propagation
and promotion of early growth. The first step of soil preparation is pasteurization with steam or fumigation with
chemicals. Nutrient supply is also applied by adding manure, mould, peat, etc., according to the nutrient demand
of the seedling.
Seeds are sown into propagation trays, flats, soil blocks or other containers as well as into the seedbed
prepared under the protected place. The soil premix is used to load the trays, blocks or containers prior to sowing
by the grower. This is followed by initial water filling of the soil then fertigation of developed seedling is applied
incidentally.
The method of sowing can be diffuse sowing or drilling by hand or machines to different sowing sites:
ground, seed flat, seed tray, soil block, pot or container. Timing depends on the planting date, also considering
the duration of seedling growing as well as climatic conditions, method of crop care and variety used. The sowing
density can be dense (2-5000 plants/m2), normal (800-1500 plants /m2) or sparse (4-700 plants/m2). Dense
sowing (Figure 4.10.) is used only in the case of pricked seedlings, while seeds are sown sparsely into soil balls,
blocks or containers.

Figure 4.10. Dense sowing of basil seedlings in propagation flats (Photo by Pluhár Zs., 2011)
Transplants can be grown with or without pricking off. The advantages of pricking off are the uniformity
of plants, branching roots allowing better survival after planting out and the small necessary growing site at the
beginning. However, it requires a lot of manual labour, infection dispersal can be quicker, and some species does
not tolerate the pricking off at all (e.g. gourd family-cucumber). The pricking off, if applied, should take place as
early as possible: generally in the phase of two-true-leaf, with the distance of 5-10 cm, into containers or bed.
Those transplants grown without pricking off can be planted out with soil balls to the field. The following
types of growing exist: in soil blocks, seed trays, seed flats, pots or in containers. This method is advantageous,
as roots of seedling are covered by soil and not damaged during transplanting. Wide variety of seed trays or
containers can be used fitting in size to the target plant species. In this case, substrate serves as a starter
fertilizer containing all the necessary nutrients for young plants. These seedlings can be transplanted by
machines easily and uniformly, as no significant differences occur among plants in shape. However, the whole
procedure is quite expensive, as all the processes are controlled and mechanized from sowing to planting out.
Transplant growing in seed trays is a completely automatic procedure, where filling, sowing, plant care,
transport and planting out are all mechanized. The tray size varies between 0.18-0.25 m2, while cell size in
diameter can be 18-60 mm. Peat, soil mixture, rock wool and other substrates are used to fill the trays (Figure
4.11.).

Figure 4.11. Seed tray utilized for transplant growing

Black coloured plastic pots of square shape ( 5-14 cm) are preferred for transplant growing in pots.
This method is beneficial in keeping moisture of the soil, in ease of transport and capability for complete
automatization in larger farms (Figure 4.12.a-b.).

Figure 4.12. Container applied (a) and basil transplants in pots (b) (Photo by Pluhár, 2011)

Seed flat is applied for sowing before pricking, for pricking and for propagation by cuttings. Substrate is
determined by the purpose of utilization and depends on the specific ecological demands of the plants
propagated. Size of seed flat is 59 x 29 x 7 cm (Figure 4.13.). Seed flats are sometimes covered by a glass plate
after sowing, in order to keep moisture for the emergence of very little seedlings.

Figure 4.13. Seed flat utilized for different propagation purposes (Photo by Pluhár, 2011)

Transplant growing in open field is an extensive but widespread method at medicinal plants, especially
for propagation of lavender, sage and valerian. Duration of seedling growing can be 2-12 months. Smaller plant
density (20-25 cm row distance) is applied (Figure 4.14.) than in field cultivation of the same crop. These areas of
propagation should be irrigated and fertile. The technology is partly mechanized but requires significant manual
labour as well. Sometimes soil is covered by mulching to promote germination of seeds. Plastic mulching or
manual weed control is necessary to keep the soil clean in the spacing between rows.

Figure 4. 14. Open field transplant growing of true lavender (Photo by Pluhár., 2011)
The aim of plant care used during transplant growing is to satisfy ecological demands of young plants
perfectly. Specific temperature, watering, light and fertilization regimes have been developed for cultivated
medicinal plant species. In general, from sowing to emergence, optimal temperature is kept at +7 oC higher than
usual beside favourable soil moisture content. During seedling development until the appearance of true leaves, 7 oC lower temperature than normal demand is to be maintained, to avoid elongation of hypocotil.
Concerning light regimes, shading or supplementary artificial lighting are used if necessary. Water
supplying or refreshing irrigation are applied, where the evenness is an important factor. Water demand can be
decreased by mulching. In general, supplementary irrigation with a weekly rate of 5-20 mm fulfils the
requirements of seedlings. The sufficient nutrient supply can be preset by mixing fertilizers to the propagation
substrate or by fertigation by complex fertilizer solution during seedling development. Weed control can be
manual or chemical and mechanic in open field transplant growing.
Acclimatization of indoor seedlings to the outdoor conditions until planting them out to the field is very
important. As a general rule, a 10-12 days training under the shade is necessary to prepare the transplants
(Figure 4.15.). In the case of thermophylous species a short dehydration phase, while at hydrophylous cold
tolerant species, a cold treatment is applied. In the course of conditioning, watering of 10 mm and complex
fertilizer supply is proposed, 8-10 hours before planting.
Characteristics of the mature seedling are as follows: roots filled the soil in the cell of the container but
they are still white and possess by a short hypocotil and 5-6 mature leaves.

Figure 4.15. Training of developed transplants before planting out to the open field (Photo by Pluhár, 2011)

4.1.2.2 Vegetative propagation technologies
For vegetative (asexual) propagation, developed plant organs are used (=vegetative propagation or
cloning). The new individuals are identical to the original (parent) plants.
Vegetative propagation methods of medicinal plants are as follows:
o Propagation by stem cuttings, using
 Hardwood cuttings (willow)
 Half-wood cuttings (lavender, thyme, rosemary, black pepper)
 Softwood cuttings (mint, tarragon, sea buckthorn, vanilla)
o Layering
 Ground layering: tarragon, hybrid lavender, thyme
o Division
 offshoot isolation (mint, tarragon)
 Propagation by underground organs
 Rhizome division (ginger)
 By stolons (mint)
 By side-bulbtubers (corms) (saffron)

Vegetative propagation by cuttings
In the case of propagation by cuttings, a piece of the source plant containing at least one stem cell
(stem, root, leaf) is isolated and rooted in a suitable medium separately.
Among its types, green or softwood cuttings are made in May and June, when the central vascular
bundle is separated from the other tissues in the green shoots. Their average length is 5-7 cm with at least 2-3
leaves. Mint, tarragon, sea buckthorn and vanilla can be propagated by softwood cuttings.
Semi-ripe or half-wood cuttings are prepared in the period of July-September, when the apical part of the
stem is unripe but the basal zone is already woody. Its length is 6-15 cm in average and prepared by cutting or
tearing them from the twigs. We have to ensure overwintering of rooted half-wood cuttings under coverage.
Lavender, garden thyme (Figure 4.16.a-b.), rosemary (Figure 4.17. a-b. ábra) and black pepper can be
propagated by this method.

Figure 4.16. a-b. Half-wood thyme cuttings in trays using perlite as rooting medium (a) rooted thyme cutting (b)
(Photos by Pluhár, 2011)

Figure 4.17.a-b. Half-wood rosemary cuttings in the course of rooting (a) and potted after rooting (b) (Photos by
Pluhár, 2011)
Hardwood cuttings can be made from November to March by using hardened woods after defoliation but
in frost-free periods with the average length of 20-30 cm. They are cut 1-2 mm under the lower node and 1-2 cm
above the upper node. Hardwood cuttings are buried immediately to the soil or stored after tying. Willow can be
rooted easily in open beds by hardwood cuttings (Figure 4.18.) but it is a promising method for sea buckthorn too
(Figure 4.19.).
Appropriate, healthy source plants are needed for successful cutting production. Seed flats or trays are
filled with specific rooting medium (soil, perlite, sand, rock wool, peat, a mixture of them, etc.) prior to slipping the
cuttings into it. Rooting hormones (e.g. indole-3-butyric acid) are applied before putting cuttings into the substrate,
in order to promote root development. Intensive conditions are necessary during rooting, including moist medium,
humid environment, partial shade and favourable temperature, which can be ensured in greenhouses and plastic
tunnels.

Figure 4.18. Hardwood cuttings of white willow rooted in open field beds, during sprouting in spring (Photo by
Pluhár, 2011)

Figure 4.19. Rooted cuttings of sea buckthorn in sprouting (Photo by Pluhár Zs.,2012)

Layering
In the course of layering, aerial stems are used for propagation, being attached to the parent plant during
rooting (1/2-2 years). After the period of development of adventitious roots, rooted stems can be detached from
the source plant, and used as an independent plant.
Several advantages of the procedure can be considered: it is an economical asexual propagation
method because neither special rooting conditions nor particular tools are required. Regarding source plant, its
aboveground parts can be utilized for various purposes (e.g. essential oil extraction) during root development.
However, the process is rather slow and provides weak propagation rate.
Ground layering is the most widely used method, when a marked parent plantation is applied for
propagation. Among medicinal plants, this method can be utilized at tarragon, lavender and thyme. The first
procedure is the banking up of parent plants with soil to promote root development under the soil coverage. The

height of banking up depends on the plant habit: in the case of lavender, thickness of soil layer is 30-40 cm; while
that of the thyme is 20 cm. Uncovering and detaching rooted branches are due after rooting. Planting out is
necessary immediately after detaching them into a well-prepared soil, followed by watering (Figure 4.20 a-e.).

Figure 4.20. a-e. Ground layering procedure of garden thyme: a. mother plant as banked up; b. detached
branches with adventitious roots; c. planting material; d. uncovered mother plant used previously for propagation;
e. clone originating from ground layering (Photos by Pluhár, 2011)

Plant division
Division is a vegetative propagation method used at plants multiplying themselves by modified stems,
stolons, offshoots or runners. The reproduced new individuals possess individual upright shoots and roots,
therefore are suitable for separation from the parent plant (e.g. mint, tarragon, aloe). Further propagation
methods with underground parts (rhizome, bulb, corm, etc.) are also involved.
Establishment of a healthy, identical parent population is indispensable in the case of plant division as
well. Root offshoots are isolated around the mother plants carefully, without injury. Immediate planting out into the
field, then watering are necessary. In the case of mint, the optimal time for propagation with offshoots is due in
May (Figure 4.21.).

Figure 4.21. Peppermint offshoots right after planting out (Photo by Pluhár, 2011)

Certain medicinal and aromatic plants are propagated by division of modified underground shoots
(rhizomes, stolons, side-bulbs, etc.). In some cases, vegetative propagation by these underground parts is the
only possible and economical mode of reproduction.
Peppermint and spearmint are generally propagated by stolons. Stolon is a specialized type of horizontal
above/underground shoot, a colonizing organ that arises from an axillary bud near the base of the plant. Stolon is
longer and thinner than rhizome, having strong tendency to form adventitious roots at the nodes. Types of mint
stolon are white (pigment-free) underground and red, above-ground antocyan coloured stem.
Establishment of parent stand for propagation of mint species is due in October of the preceding year.
The optimal row spacing here is 0.8-1.0 m. Utilization of pesticides is not allowed. Banking up of rows by soil of 58 cm is done after the first cut of the aboveground shoots (in July). Second harvest is performed in October, then
the stolons are lifted by using potato harvester. After soil preparation of the fields, stolons are laid down into 10
cm deep trenches, where the row spacing is 50-60 cm. Casing by soil and watering are applied immediately after
planting of stolons.
There is no seed formation at the triploid saffron (Crocus sativus), therefore, only vegetative propagation
is possible by division of small corms (bulb-tubers). In Asia and in the Mediterranean, major producers cultivate
saffron in an annual cycle, thus, corms are lifted up every year to divide side-corms (1-2 cm). Corms are planted
into beds in August, using density of 20 x 8-10cm and depth of 8-10 cm (Figure 4.22.).

Figure 4.22. Corm structure of saffron used for propagation (Source:
http://www.itmonline.org/articles/saffron/saffron.htm)
Ginger (Zingiber officinale) can be vegetatively propagated in tropical regions by rhizome segments of
20-25 g, after a period of forcing which indicates sprouting. Ginger is cultivated in plant beds filled with humus
enriched soils, where plant density of 20-25 x 20-25 cm is applied. Rhizome segments are placed into the soil at
a depth of 4-5 cm.

4.1.2.3. In vitro propagation
Definition and characteristics of micropropagation
Micropropagation is a manipulation performed in organ level. It is a kind of asexual propagation method,
which is carried out by the utilization of vegetative or generative organs, tissues of plants under in vitro, sterile,
controlled conditions. In vitro (in Latin: "in glass") expression indicates, that the process is going under controlled,
artificial conditions and not in natural environment. During micropropagation new, intact (intact: complete plant,
which possesses every organ) plants are produced, which are completely identical genetically with the mother

plant. These new individuals created from one of the organs, a piece of organs or only one cell of the parent.
Thus the new plants don‟t develop from fertilized ovum, zygote, but from somatic cells (cloning).
The primary condition of successful micropropagation is that plant cells, tissues used for propagation
(explants or inocula) will be meristematic (meristem: proliferating tissue; a kind of group of cells, where each cell
divides or ready to divide (jung, juvenile cells). The appropriate growing medium, optimal physical circumstances
(light and temperature conditions, airspace of culture bottles, and length of cultures), the surface and endogenous
sterility are also crucial in terms of successful breeding process. In the course of micropropagation the plant parts
separated from mother plant (most frequently buds, shoot tips, leaves and leaf fragments, flower buds) are placed
on culture medium, where shoots are regenerated from them with the help of different hormones. Then
regenerated shoots are multiplied or their elongation is induced. Later the multiplied shoots are separated (Figure
4.23.), while the elongated shoots are cut into pieces at every nodus. Finally these are rooted putting on new
culture medium. The last step is acclimatization (rooted plants‟ accustoming to external environmental
conditions).

Figure 4.23. Separation of multiplied shoots
The advantage of micropropagation is the high productivity, because applying this method results in
multi-million increments which can be achieved annually from only one individual, and descendants will be
completely the same as the mother plant. In addition, much less mother plants must be maintained for it than in
case of conventional vegetative propagation methods. So hybrid or genetically modified plants can be cloned by it
too, which can‟t be propagated successfully with other vegetative methods. It can be used for virus disinfection
too (The essence of procedure is that in vitro cultures are established from young, even virus-free meristematic
shoot and root tips of virus-infected individuals, from which later virus-free plants are regenerated.) because this
is the only vegetative propagation possibility when virus-infected mother plants can have virus-free progenies. A
further advantage of micropropagation is that the production is completely independent from the season, climate,
the age of the propagating plant or its infection‟s degree, and the whole production process is well controlled,
verifiable. But micropropagation has disadvantages too, such as it requires serious technical and professional
background and it is quite expensive. It has great practical importance mainly in case of those horticultural
species, where plant individuals can be sold on high market prices (e.g. ornamentals, fruit varieties).
Possibilities of micropropagation in medicinal plant cultivation
Micropropagation is used in medicinal plant cultivation too, however, it is applied only in case of those
species, which cannot be propagated generatively (or only with difficulties) and their conventional vegetative
propagation methods are also problematic (e.g. medical speedwell). In practice, this propagation method is used
primarily at the cultivation of such perennial species, which are able to produce a value (during longer time), that

can cover their higher investment expenses (e.g. aloe species or black elder). In the case of 'Haschberg' variety
of black elder (Sambucus nigra) there are woody cuttings and micropropagated nurslings in commercial trade,
where micropropagated material costs 100 HUF more than cuttings. But this extra cost will pay off later, because
micropropagated individuals grow more vigorously and have approx. 20-30% higher yield than plants propagated
in a conventional way. Foreign organic farmers increasingly employ micropropagated seedlings, because besides
several benefits (e.g. these are pathogen-free and completely homogeneous, etc.), their price is also reasonable
(hardly more than the price of bio propagation materials produced in a conventional way). In case of potted
aromatic herbs and medicinal plants with ornamental value (e.g. lavender, sage, hyssop, mint species, etc.)
which can be sold at higher prices, micropropagation can also be a perspective. But in respect of plantations
established for drug-producing micropropagated seedlings are too expensive to use (at least for the present). In
addition, micropropagation may affect the active agent content of medicinal plants too, whose effect and extent
are very variable by species (Figure 4.26., 4.27. and 4.28.).

Figure 4.26. Essential oil content and components of Salvia fruticosa in vitro and in vivo

Figure 4.27. Accumulation of caffeic acid derivatives and alkamides in the aerial part of Echinacea angustifolia in
vitro and in vivo

Figure 4.28. Essential oil content and composition of Mentha arvensis in vitro and in vivo
On the other hand in the course of medicinal plants‟ breeding micropropagation becomes increasingly
important, because it can accelerate the breeding process significantly. Perspective plant materials, genetic
assortments can be quickly multiplied under sterile conditions and by in vitro cloning of selected, highperformance individuals large amounts of homogeneous lines and strains can be produced. It is very often used
for fast multiplication of new varieties.

4. 2 ESTABLISHMNET OF MEDICINAL PLANT FIELDS
4.2.1 Introduction
Medicinal plant fields can be established by the above mentioned propagation methods: direct sowing or
transplanting of young plants reproduced by seeds (seedlings) or vegetative organs (cuttings, rooted offshoots,
stolons, corms, rhizome segments, etc.). Transplants raised by protected cultivation are to be prepared for
planting out to the open field by acclimatization. Prior to replanting, transplants are stored for a shorter or longer
period followed by a mechanic or hand planting. In the case of open field grown transplants, preparation
procedures of seedlings for planting include: lifting from the ground, batching and putting into pits till planting
(Figure 4.29.a-b.). Prior to the realization of bedding, roots and shoots of transplants are usually cut back, then
loaded into the planting machines or disposed to the field for hand planting.

Figure 4.29. a-b. Lifted open field grown transplants of lavender in batches (a) and put in pits (b) (Photo by
Pluhár, 2008)

Timing of planting out is determined by thermo-demand of the species and the weather conditions. Late
spring frosts are considered when planning spring bedding. The whole technology of transplant growing should
be timed to the optimal specific planting period.
The following bedding periods are applied in Hungary:
o In spring: generally after late spring frost, in May
o Seedlings: lemon balm, thyme, oregano, St. John‟s Wort, Echinacea
o Rooted offshoots: tarragon, mint
o In Autumn:
o September: rooted cutting of hybrid lavender, seedlings of sage
o October: seedlings of valerian or true lavender, mint stolon
4.2.2 Plant spacing, planting sheme
Plant spacing is the area for a plant calculated by multiplication of row spacing (cm) and plant-to-plant
distance (cm), expressed in cm2 or m2 (e.g. 50 cm x 40 cm= 2000 cm2).
Plant density is the number of plants calculated for unit area (m2 or ha) (e.g. 5 plants/m2), while planting
sheme means the distance and pattern of rows and plants.
Planting sheme can be:
1. Irregular (at diffuse sowing)
2. Row cultivation
Even rows: with constant row spacing (Figure 4.30.)
Double rows: if the interval between two rows (double rows) is smaller than the row spacing
3. Stripe cultivation: one row is skipped after 3-5 rows, in order to leave space to the tires of the tractor.

Figure 4.30. Perennial lemon balm stand with plant sheme of even rows (Photo by Pluhár, 2008)
3.2.3

Significance of plant density

Based on centuries‟ experiences, it was established that by increasing plant density the yields per unit
area become higher, while individual mass decreases together with quality parameters. Economical optimum
should be found for plant density in each crop (Figure 4.31).
Furthermore, reduced plant spacing (=increased density) usually results in earliness of crop in the case
of plants grown for generative parts.

applied.

Using the same plant spacing, several arrangements of row spacing and plant-to-plant density can be

Figure 4.31. Correlation between plant density and crop yield in the case of field production of borage (Borago
officinalis L.) in Chile (Source: http://www.hort.purdue.edu/newcrop/ncnu02/v5-501.html)

Plant densities applied in the case of medicinal plants are as follows:

3.2.4

o

Row spacing used in the course of direct sowing
o Cereal row spacing (12 cm): chamomile, flax, dill as herb crop
o Double cereal row spacing (24 cm): mustard, dill, caraway, coriander, anise
o 30-40 cm: poppy, savory, foxglow
o 40-50 cm: pot marigold, safflower, marjoram, basil, fennel, milk thistle

o

Row spacing applied for bedding transplants
o 40-50x20-30 cm: thyme, valerian, Echinacea
o 50-60x30-40 cm: tarragon, hyssop, lemon balm, mint offshoot
o 60-70x30-40 cm: St. John‟s Wort, sage
o 100x50 cm: true lavender
o 150x60-100 cm: hybrid lavender
o 400x200-250 cm: sea buckthorn

Realization of planting out

Transplants can be bedded into the field by hand or by machines. Transplanting machines may operate
with pincers, rotating bowls or rotating feeder. Modern transplanting machines (e.g. Due Manual Matic: Hortech,
Italy) are very versatile because they can transplant young plants with bare root or with cylindrical, cubical,
conical or square soil balls, blocks, modules, bulbs and all kind of plants including seedlings as well as nursery
plants. It is possible to transplant and/or mulch (plastic or biodegradable film, cellulose) at the same time.
Insecticide and fertiliser distributors are also among accessories of modern transplanting machines.
3.2.5.

Supplementary procedures

Prior to planting out, an appropriate field preparation is required, while the transplants should also be
conditioned to bedding. Nursery plants and seedlings of bare root are lifted from the soil, then sorted and
batched. Cutting back of roots and stems is applied if necessary. Watering of young plants is indispensable
immediately after transplanting is completed.

Concerning plant care of young plantation, observations on rooting and calculation of survival rate are
performed some weeks after transplanting, then, if necessary, the growers supplement the extinct individuals. In
the first part of the growing year, there are still large distances between young plants, thus, mechanic weed
control have to be carried out, except in the case of mulching (Figure 4.32.a-f.).
Sometimes, cutting back of irregularly appearing flowers is necessary, in order to avoid poor vegetative
growth of young plants.

Figure 4.32. a-f. Planting of rooted garden thyme cutting into soil mulched by agrotextile (Photos by Pluhár, 2011)
(a: laying down of agrotextile , b: hole making, c: planting, d: planted individuals, e: plant with shoots cut
back, f: developed plants two months after bedding
Control questions:
Which is the most frequently used propagation method at medicinal plants?
a. direct sowing
b. ground layering
c. propagation by cuttings
Which period is suitable for sowing chamomile in Hungary?
a. Middle April
b. Late August
c. November
Which plant can be reproduced only by vegetative propagation?
a. lemon balm
b. peppermint
c. sage
Transplant growing is preferred to direct sowing in the case of:
a. caraway
b. pot marigold
c. garden thyme
Open field seedling growing is used at:
a. true lavender
b. lemon balm

c. fennel

Which species requires light for germination?
a. poppy
b. chamomile

c. dill

When the acclimatization is applied?
a. before planting out
b. after sowing

c. after pricking off

Which statement(s) is (are) not true in case of micropropagation?

a. Micropropagation is a generative propagation method.
b. It results in descendants which are completely identical with the mother plant.
c. It regenerates intact plants from seeds too, but only in culture medium.
d. It is suitable for virus disinfection.
e. It creates new plants from plant cells, tissues, organs.
f. At first shoots are regenerated from explants, then shoots are rooted, finally rooted shoots are multiplied.
When should micropropagation be applied in medicinal plant cultivation?
a. At establishment of a peppermint plantation
b. at the cultivation of potted basil
c. In case of fast multiplication of new varieties
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5. NUTRIENT SUPPLY OF MEDICINAL PLANTS
Author: Éva Zámboriné Németh
5.1. ROLE OF NUTRIENTS IN PLANT PHYSIOLOGICAL PROCESSES
Nutrients taking part in metabolism, structural constitution and physiological processes are most
commonly grouped according to their concentrations necessary for the plant. This, however, does not mean that
the importance of any mineral depends on its quantity, because their roles are very different and variable, the
majority of nutrients is playing role in several, even independent life processes. As it is not our goal to present the
basic knowledge on plant nutrients, we only summarize and repeat the most important facts which are necessary
for the understanding of the following sections on specialities of medicinal plants.
Below there is an overview provided about the minerals which usually are subjects of nutrient supply
during the cultivation.
1. Macro-elements are present in the plant tissues at a concentration of 10 -1-10-2 % on the average.
Their roles in plant life are usually well known, their presence in plant body is essential. In each culture,
the proper supply of the plants with these elements is unavoidable. Usually, even a slight undernutrition (lack) is
already observable in form of typical syndromes.
1.1. Constitutional elements, taking part primarily in tissue construction
 Nitrogen (N): basic constituent of amino acids, proteins, enzymes, nucleic acids, alkaloids, indispensable for
growth
 Phosphorous (P): constituent of phospholipids, membranes, nucleotides, essential part of compounds taking
part in energy transport
 Potassium (K): has a role in water metabolism, regulates turgescent state of cells, osmotic processes,
increases resistance
 Sulphur (S): constituent of amino acids, proteins, enzymes, disuphie bridges stabilize macromolecules,
takes part in photosynthetic electron transport
1.2. Functional elements, taking part primarily in metabolic processes
 Calcium (Ca): stabilizes cell membranes, has a role in electron and ion transports, regulates cell division,
functioning of some enzymes
 Magnesium (Mg): central atom of chlorophyll, constituent and activator of enzymes, has a role in pH
regulation
 Iron (Fe): takes part in photosynthetic electron transport, synthesis of chlorophyll and proteins
 Sodium (Na): has a role in osmotic processes, water household
 Chlorine (Cl): takes part in photosynthesis
This grouping is to take in large and as basic direction, as the majority of constitutional elements have a role also
in metabolic processes. For example potassium is regulating among others the opening of stomata and takes a
role as central atom of some enzymes while sulphur may be considered as biologically active molecule of plant
drugs, etc.
2. Microelements are present in the plant tissues at a concentration of 10 -3-10-5 % on the average.
The necessary amount of microelements for healthy plant development is usually less known than that
of the macroelements and may be a more species-specific one. Lack symptoms are detectable only after a long
term and severe (acute) undersupply. Absorption potential is in tight connection with soil properties, its pH and
water content. Essential micro elements are e.g.:
 Silicon (Si): has a role in metabolism most likely through synergistic effects with other elements
 Boron (B): it has a role in development of meristems, growth, fertilisation, synthesis of carbohydrates
 Manganese (Mn): takes part in photosynthesis and respiration processes






Zinc (Zn): constituent of enzymes, most important in nitrogen metabolism
Molybdenum (Mo): constituent of enzymes, most important in nitrogen metabolism
Copper (Cu): it has a role in photosynthesis, in protein and carbohydrate metabolism
Cobalt (Co): it has a role in several enzymatic reactions

It has been observed, that interestingly, the essential elements have mostly smaller atomic volume and
not a high atomic mass. This phenomenon proved to be an advantageous feature during evolution.
We also have to mention the elements of adverse effects. In recent times, more and more attention is
paid to the heavy metals (metal ions and their alloys having a specific mass higher than 4, 5 g/cm³, their
accumulation above certain concentration in the soils and waters may be toxic for environment and creatures)
because their concentration is increasing in some areas in the soil due to intensive industrial activity and traffic.
They may be toxic for the plants even in a concentration as 2-20 mg/kg. In Europe, the most abundantly detected
heavy metals are cadmium (Cd), chromium (Cr), mercury (Hg) and lead (Pb). Heavy metals may destroy
photosynthetic electron transport, respiration chain, protein biosynthesis and enzymatic functions.
The elements –based on their variable chemical and physical characteristics – can be bound to soil
particles by different strength, thus are available for the plants in unequal concentrations. Nitrogen and sulphur
are the elements which can be most easily mobilized, but therefore they can be washed out most easily from the
soil, too. On the other side, phosphorous, potassium, magnesium or boron, copper, manganese are bound
strongly and stored in the soil for long.
If the plant is not able to get the optimal amount of the necessary elements, it is usually observable by
special lack syndromes. In general, plant metabolism starts to change already before the visual appearance of
these syndromes, the problem presents itself only in latent form. The growth of shoots and roots is slowing down,
development of flowers is dragging on, fertilization and fruit setting is weak. Permanent and/or high degree of lack
of different elements presents itself already in form of the lack syndromes in a visible form. Some of these
syndromes are general for many species and elements (e.g. yellow discoloration of leaves, falling down of leaves,
colourless fruits, etc.) but some others are characteristic only for the target elements. While the lack of nitrogen
causes principally yellow colouration and fall of the elderly leaves (Figure 5.1.), the lack of magnesium may
induce yellow spots on the younger leaves.
Symptoms like scorching of the leaves, brownish and yellowish leaf edge may reflect lack of potassium
but scorched spots on various fruits may show the lack of calcium. In order to carry out an optimal nutrition of the
crop, we have to be aware of the fact, that not only the absolute lack of different elements but also a relative lack
of them compared to other elements may induce symptoms and degradations. An excess supply of calcium may
–for example- inhibit proper uptake of potassium and magnesium.

Figure 5.1. Poppy plants lacking in nitrogen

It is also known, that not only a low amount of nutrient but also their excess supply may induce toxicity,
and can be dangerous. Overdosage of nitrogen manifests itself in large, deep green leaf system, but fewer
flowers are developing. Ripening process is slowing down and the tissues of the plant became looser, which may
result in a decreased tolerance against pests and diseases but also against abiotic factors.(Figure 5.2.).
Overdosage is dangerous not only for the plant but reaches the consumers too, as it may contribute to a toxic
accumulation level of nitrates in the human body. A further threat is that the high amounts of overdosed fertilizers
may be washed out into the soil, into the natural waters and polluting the environment in large regions.

Figure 5.2. Loose bushes of lavender due to overdosage of nitrogen fertilizer
5.2. BASIC PRINCIPLES OF NUTRIENT SUPPLY IN INTEGRATED MEDICINAL PLANT PRODUCTION
In medicinal plant production it is desirable –similarly to other branches of horticulture – to follow the
principles of the integrated cultivation. A prerequisite is a minimal load to the environment and maintenance –or
even improvement, if possible- of the soil fertility. During nutrient supply we have to focus on the product quality
too, by this way promoting the health of the consumers, furthermore, the economically most advantageous
solution should be chosen. Cultivation method should correspond to the geographical, natural circumstances of
the area, fertilizers should be applied in optimal quantity and at suitable time according to the needs of the target
crop. The GACP guideline (http://whqlibdoc.who.int/publications/2003/9241546271.pdf), puts down –among
others- that all types of fertilizers should be applied sparingly, in harmony with the needs of the culture, avoiding
the hazard of washing out the chemicals into the soil water. Each organic manure shall be composted
appropriately. In enterprises where procedures of the up-to-date quality assurance management are applied,
basic numbers and data on nutrient supply and fertilization are among the necessary documents. An example for
this documentation is provided in the table constructed and required by the Hungarian Agricultural Ministry
(Figure 6.9.).
It is known, that the connection between the supply of the plants by nutrients and –as result of it- the
biomass production is not linear but moreover a function close to the optimum one (Figure 5.3.). By increasing
dosages of mineral nutrients– after an initial so-called “dilution” phase- the biomass production is growing but by
a decreasing speed. Near to an optimal supply the biomass production increases very slowly and after this
phase, in the period of the overdosage the biomass starts to decrease showing signs of toxicity.

Figure 5.3. Connection between concentration of minerals in the plant and production of biomass
Basic principles of nutrient supply are of course valid also for the medicinal plant species and during
their production we have to take them into consideration. According to the law of Justus Liebig
http://en.wikipedia.org/wiki/Justus_von_Liebig described in 1840 (Figure 5.4.) the production of the plant is
always determined by the factor which is in minimum level at the given time. This rule is valid for each
environmental factor in a wider sense, too. In case of nutrients it means, that an optimal level of any mineral can
not be used effectively by the organism if there is another one whose concentration is not enough for normal
metabolism. It is useless for example to give the plant much potassium if there is a lack of iron in the soil. In the
cultivation practice soil analysis may usually assure data about the absence or critical level of the target element.
Short of extreme values, in general, the demand of plant species may be much different. Therefore it is a big
problem that we have very few exact data for medicinal and aromatic plants and we could only relay on values of
related species or on local experiences.
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Figure 5.4. Model of the Liebig-Law
Another
general
principle
has
been
described
as
law
of
Mitscherlich
http://en.wikipedia.org/wiki/Eilhard_Mitscherlich which used to be entitled as “Law of the decreasing yield growth”
(Figure 5.5.). According to this principle, the increasing dosages of fertilizers provide continuously smaller
increase in yield even in case if any other agrotechnical factors are optimalized. With other words: the plant is
less and less able to react on the continuously improving circumstances. In case of each variety (older or more

intensive ones) the maximum plant response and by this way the best effective dosage of fertilizers may be
different and for each variety a different optimum amount should be declared.

Figure 5.5. Model of the Mitscherlich Law
X axis: Dosage of nutrient, Y axis: Yield
Establishment of the optimal dosage of each element for the plant can be carried out by several means.
Chemical analysis of the harvested plant material supports data on the amount of nutrient which has been
removed from the field. This amount is the Nutrient removal value (kg/ha). Calculating to unit yield, we get the
value of the Specific Nutrient Content (kg/t). Unfortunately, unlike to cereals and other larger crops – in case of
medicinal plant species there are few reliable data available. Most data exist on the species which are generally
grown on large fields like cereals. Some experimental data have been summarized in Table 5.1. It shows that
there are noticeable differences among species. Evaluating the levels of potassium we can see for example, that
a relatively large amount of this element is removed from the soil by caraway, fennel, lemon balm while only low
amount of that is taken away by horsetail or lovage. It can be observed, that species assuring fruit drugs seem to
consume a higher level of phosphorous in the soil which is important to consider in agricultural practice.
Table 5.1a. Specific nutrient contents of some cultivated species of higher importance (kg/t fresh mass), (Hoppe,
2010)
Species
Angelica
Basil
Pfeffermint
Lemon balm
Fennel
Thyme
Chamomile
Cone-flower
Cone-flower
Caraway
Marygold
Lovage
Lovage
Valerian
Marjoram
Sage

Drug
Root
Shots with leaves and flowers
Shots with leaves
Shots with leaves
Fruit
Shots with leaves and flowers
Flowers
Shots with leaves and flowers
Root
Fruit
Flowers
Root
Shots with leaves
Root
Shots with leaves and flowers
Shots with leaves

Nitrogen
3,0
3,3
4,2
4,9
27,8
4,4
4,2
4,4
4,6
26,5
3,0
2,1
3,7
2,9
4,8
4,9

Phosphorous
1,0
0,4
0,5
0,6
5,5
0,5
0,9
0,6
0,6
5,0
0,5
0,7
0,5
0,8
0,6
0,5

Potassium
5,4
0,9
4,6
6,3
12,6
6,4
4,5
6,9
4,2
12,9
3,8
2,0
1,1
1,9
4,9
5,1

Isotopic experiment provides the possibility to follow the movement of minerals in the plant body, their
incorporation, excretion. This may help in determining the optimal dosage and form of fertilizers. Nevertheless,
this method requires a sophisticated laboratory background, therefore its application is less frequent at the
present practice.
Experiments with direct nutrient supply are closest to the everyday agricultural practice, both pot
experiments (Figure 5.6 ) or open field ones (Figure 5.7.). One variation of pot experiment is the situation when
the plants are grown in special solution of a single or some of the minerals. Another possibility is to check the
behaviour of the plants in solutions which are lacking of certain or of some of the essential elements. However, as
the soil in vivo is always a complex system of many factors, these pot experiments have restricted relevance on
the practical situations. Open field small pot experiments have the drawback that in this complex soil system the
results caused by individual elements can hardly be followed and interpreted because of their interactions and
changing weather conditions.

Figure 5.6. Pot experiment with peppermint and basil

Figure 5.7. Field experiment with spearmint

The necessary amount of a mineral in a given field can be determined by the following formula:
Nutrient need (kg/ha)= Need of the plant (a) + Correction due to soil (b) – Other corrections (c)
Need of the plant (a) can be calculated if the planned yield is multiplied by the specific nutrient content
of the given species.
Correction factor due to soil (b) depends on the situation if the concentration of the target element in the
soil is reaching the optimal value or not. If it is less, the correction factor is equal to the amount lacking to optimal
refilling while if it is more than that, the surplus should be deduced from the plant need. The rate of optimal
refilling is depending on the area, on the type of soil. These values are summarized in information tables. By soil
analysis on our field we should establish whether the existing amounts are less or more than those of the optimal
loading. Soil analysis should be carried out in specialized laboratories from 1-2 kg homogenous soil sample taken
from the root sphere after harvesting the previous crop (Figure 5.8.).

Figure 5.8. Results of a soil analysis
Other corrections (c) are needed for example in case of large dosage of manure or in case of pulses
(Fabaceae) plants whose roots are in symbiosis with nitrogen fixing bacteria, etc.
Practically, in case of an optimal loading of the soil with minerals, the necessary dosage is equal with the
need of the plant, so we only have to refill the amount which has been removed from the soil by the harvested
crop. It is however, necessary, that we do not forget the soil being a complex system where the effect of nutrients
is influenced not only by the optimal loading but also by several other factors like interaction of the elements,
physico-chemical parameters of the soil and its living, microbiological constituents.

5.2. SORTS OF FERTILIZERS
Grouping of different sorts of fertilizers can be made according to several points of view.
Concerning their origin, we distinguish between organic and inorganic fertilizers. Organic fertilizers are of
animal and/or plant origin like farmyard manure (mixture of animals‟ metabolites as urine and faeces with
materials used for littering in different proportions, side product of animal husbandry), poultry dung, turf-fecal
((human faeces mixed with turf, peat, sawdust.). They have an advantage of not only enriching the soil by
nutrients but at the same time improving its structure, water management and increasing its organic matter
content and microbial flora.
Inorganic fertilizers are prepared from materials occurring in nature (nitrogen of the air, minerals of
different kind) by chemical synthesis or transformation. They are simple (containing a single effective ingredient)
or complex (containing more ingredients) fertilizers. These latter ones contain a wide spectrum of nutrients in
majority of the cases, sometimes each of the most important ones is included. They have often both micro- and
microelements as constituents which are present as chemical mixtures. On the other side, the mixed fertilizers
are chemically speaking simple preparations but mixed physically. Sometimes the fertilizers are distinguished as
micro- or macroelement containing ones.
Recently, plant conditioners are also available on the market. They contain most often both organic and
inorganic constituents. As it can be seen from the name of the preparations, the goal of their application is
primarily the improvement of the condition and tolerance of the plants, and is not directly intended for assuring
nutrient supply. Although the presence and turnover of these preparations is quickly growing on the market, there
is only a limited number of scientifically, experimentally verified data about their effects. Data especially on
medicinal plants are practically missing. According to our investigation, the effect is rather dependent on the plant
species, year and weather conditions (Figure 5.9.). We have to remember the Law of Liebig: these preparations
can not make any wonder under circumstances when basic requirements of the plant stand are not fulfilled.
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Figure 5.9. Shoot yield of basil during the first and the second harvest in different treatments by
conditioners with untreated control
Fertilizers may be grouped according to their aggregate, too. Both organic and inorganic fertilizers may
be administered as fluids or as solid substances, preparations: e.g. foliar fertilizers, liquid manure (product of
animal husbandry when keeping the animals without littering, usually dry matter content is below 30%, it is a
mixture of faeces, urine, drinking and technological water, rests of fodder, etc). Choosing the optimal formulation
of fertilizer depends also on the fact whether we want to administer it through the soil or through the leaf surface.
For this latter purpose only fluid fertilizers are appropriate.
For bringing out the fertilizers to the field, there are a lot of different machines and mechanical systems
developed for this specific goal. Details of these mechanical solutions are not target of this training material, you
can find it in Chapter Technical knowledge.

According to the time and goal of the nutrient supply we should distinguish the filling fertilization (carried
out by large dosage before planting of perennial crops), starting fertilization (before sowing) and top-dressing (in
vegetation period). The first two ones are intended to assure the basic nutrient requirements in the soil of the
established culture. The top-dressing is applied mainly to refill the level of nutrients which have been extracted
from the soil by the plants in the interest of their further optimal development.
Filling fertilization is not frequent in medicinal plant crops, applied mainly for species of longer lifetime
and/or really high nutrient demand like lavender, sage, and peppermint. Starting fertilization is necessary and
carried out almost always in autumn. Top-dressing is most important in medicinal plant cultures which provide
herba drug and harvested several times a year. After each harvest a proper nutrient supply may assure re-growth
of the plants. Examples for these are lemon balm or marjoram.
5.3. SPECIALITIES OF FERTILIZATION OF MEDICINAL PLANT SPECIES
5.3.1. Nutrient need of medicinal plants
Approximately 50 species are produced regularly as field cultures in the Central European region. We
have practical experiences back to several decades about their cultivation and nutrient supply. Figures 5.2. and
5.3. are summarizing the basic information in connection with the most important species.
Table 5.2. Basic data on nutrient supply of annual medicinal plants under Hungarian conditions
Organic
manure
(t/ha)
20-30
20-30
150-200

Name of species
Anethum graveolens
Borago officinalis
Calendula officinalis
Carthamus tinctorius
Carum carvi f. annua
Coriandrum sativum
Digitalis lanata
Linum usitatissimum
Majoranna hortensis
Matricaria recutita
Ocimum basilicum
Papaver somniferum
Pimpinella anisum
Satureja hortensis
Silybum marianum
Sinapis alba
Valeriana officinalis

Inorganic fertilizer
Starting fertilization
Top-dressing
N
P2O5
K2O
N
P2O5
K2O
80-100
(120)
140-160
35-40
60-70
60-70
35-40
40-60
60-80
80-100
40-60
35-40
40-60
50-70
50-70
50-80
50-70
60-80
60-80
40-50
20-25
70-100
120-160 100-150
70-100
25-40
60-70
60-70
50-60
60-80
120-140 100-120
20-25
40-60
10-40
60-70
50-70
35-40
50-70
60-80
70-90
35-40
50-70
50-70
20-30
40-60
40-60
60-90
20-30
60-80
50-60
50-80
25-30
80-100
40-50
80-150
80-100
30-40
(30-40)
(20-30)
(40-50)
40-50
-

Table 5.3. Basic data on nutrient supply of perennial medicinal plants under Hungarian conditions
Name of species

Foeniculum
vulgare
Hyssopus
officinalis

Organic
manure
(t/ha)
-

N
-

-

-

Starting
P2O5
K2O
80-100 40-60

Inorganic fertilizer
After planting
N
P2O5
K2O
20-40
-

In further years
N
P2O5
K2O
20-40 40-60 30-40

60-80

40-50

60-90

60-70

-

-

-

-

Lavandula
angustifolia
Levisticum
officinale
Melissa
officinalis
Mentha piperita
Salvia officinalis
Thymus vulgaris

30-50

-

70-80

80-120

70-80

-

-

60-100

50-60

80-120

20-30

100120
-

140150
-

50-60

70-80

60-80

50-60

70-80

60-80

25-30

6070
-

40-60

50-60

70-80

70-90

50-60

70-80

20-30
20-30
20-30

-

60-80
-

40-60
30-40

90-150
30-40
30-40

60-90
30-60
30-40

50-80
30-40
30-40

90-150
30-40
30-40

60-90
30-40
30-40

50-80
30-40
30-40

It is a widespread but not valid belief that medicinal plants in general are not demanding, their cultivation
is simple, and it does not need large investments. The mentioned production experiences show that only
approximately one quarter of the cultivated medicinal plant species has really low nutrient demand and can be
appropriately produced also with low fertilizer dosages or on soils of poor nutrient content (e.g. white mustard,
sage, and chamomile). Another quarter of the species spectrum includes the plants of moderate nutrient
demand. Cultivation of these species can not be carried out without nutrient supply but the requirements are not
high and include mainly major nutrients. Such species are e.g. savory, thyme or dill. A next 25% of the widely
cultivated medicinal plants can be characterised by a moderately high nutrient demand. In these cases both
starting fertilization and top dressing seem to be necessary and the optimum dosages are rather high. Species
like oil pumpkin, coriander, and coneflower belong here, among others. As the last one we should mention the
species which have a definitely high demand for nutrients and therefore fertilization has a major role in their
cultivation. Without regular and high nutrient supply their yield is not economically acceptable, however,
accordingly, the costs are also high. Mint species, basil, poppy, etc belong here. Obviously, this grouping of
medicinal plant species provides only approximate information about their nutrient demand, the exact dosages
and fertilization technology depends on the exact species and characteristics of the habitat. Unfortunately, we
could lay down, that farmers of medicinal plant crops are often operating according to their own experiences.
A frequent opinion seems to be that areas of unfavourable natural circumstances can be advantageously
utilized by cultivation of medicinal plants. As a whole, this statement is not valid, of course. At the same time, it is
true that there are some species known which exhibit an elevated tolerance against suboptimal features of the
soil. Chamomile, yarrow, pyrethrum and some Artemisia species have a high tolerance against the high salt
(NaCl) concentration of the soil. Their natural populations are frequently found on salty areas (Figure 5.10.).
However, we have to be aware of the fact that this phenomenon does not mean that these species really need
the high salt concentration of the soil. Tolerance against salt is based on the strong osmotic potential of the roots
of these plants and therefore they are able to take up and accumulate the salts in their tissues. Nevertheless, a
better development of these species has been observed in stress-free environment, without high soil salt
concentration.

Figure 5.10. Chamomile growing abundantly in the salty soils of Hortobágy area in Hungary

The utilization of areas with thin, stony and calcareous soils can be fulfilled by the cultivation of some
medicinal and aromatic plants. The most well known ones for this purpose are oregano, lavender species and
sage. In case of a careful plantation process, these crops may provide a long term production even under these
circumstances, as the original habitat of them is similar to the mentioned ones. Under poor conditions however,
outranging yield and/or high income can not be anticipated.
As special characteristics of some medicinal plant species we should mention the symbiosis with
nitrogen fixing bacteria. This behaviour enables a sustainable cultivation even with poor nitrogen supply and
provides an advantageous previous crop for the next one. Such species are e.g. fenugreek, liquorice or
sanddorn.
5.3.2. Nutrient responses of medicinal plants
We can influence several plant characteristics by supply of different nutrients, minerals; this is of course
valid both for medicinal plants and any other crop. Therefore it is highly important and at the same time very
difficult to optimize and take each factor into consideration.
In the simplest case the farmers prefer a high biomass or drug yield. A well designed fertilization may
result in a significant increase of these yields in most cases. As the example of the formerly less studied species,
spearmint (Mentha spicata var. crispata) shows, that an additional application of potassium being in minimum in
the soil was able to assure the growth of yields (Figure 5.11.). Besides an appropriate content of the soil with
nitrogen and phosphorous, submission of 200 kg/ha potassium resulted in 25% excess yield of the shoot,
however, higher ratios may have already a retarding effect. Data of the four year experiment also show that
factors being in minimum quantity may have a big influence on the biomass under the given circumstances. In a
year of high precipitation (2010) even the 300 kg/ha dosages could be well utilized by the plant.
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Figure 5.11. Shoot yield of spearmint in different nutrient treatments: 1.untreated, 2. N+P,
3.N+P+K100kg/ha, 4. N+P+K200kg/ha, 5. N+P+K300kg/ha
This statement can be confirmed also by the following two examples. A caraway stand in soil poor of
nitrogen was not able to utilize even the highest amounts of potassium (Figure 5.12.). In another soil of
chernozem type rich in each elements any additional fertilization had a retarding effect on the yields. This was
due to the excess quantities of nutrients (Figure 5.13.).
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Figure 5.12. Yield of caraway in different fertilization treatments (Soroksár)
(1= 0; 2= NP; 3=NPK; 4=NPMg; 5=NPKMg)
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Figure 5.13. Yield of caraway in different fertilization treatments (Szarvas)
A similar experience has been described in two German habitats. While fertilizing a fennel (Foeniculum
vulgare) plantation by different macroemelents resulted in improved yield in Aschersleben according to optimum
function, the same treatments were not able to assure any surplus in the field of Weissenfels (Table 5.4.). This
latter area has namely a much higher nutrient content of the soil, practically saturated by the target minerals.
These results also demonstrate the fact mentioned in Chapter 5.1. about the importance of correction factor
according to the soil nutrient content during calculating the optimal dosages of fertilizers. In a soil appropriately
supplied by the necessary elements, fertilization may retard plant growth, decrease the profitability of the
production and cause an environmental load.
Table 5.4. Effect of increasing dosages of N, P and K fertilizers on the yields of fennel in two German habitats
(through Müllenberg, 1966)
Dosage of fertilizers
(kg/ha)
N0
N 20
N 40
N 60
P0
P 20
P 40

Yield, t/ha
Aschersleben
Weissenfels
0,71
0,71
1,08
1,07
0,84
0,92
1,08

1,58
1,56
1,52
1,50
1,58
1,56
1,52

P 60
K0
K 20
K 40
K 60

1,07
1,09
1,14
1,08
0,89

1,63
1,51
1,68
1,52
1,55

In case of medicinal plants the general law that the emergence of any nutrients should be influenced by
the presence and rate of the other ones is also valid. Findings during the introduction experiments of nightshade
(Atropa belladonna) would well demonstrate it. It has been proved that the effect of potassium (K) macroelement
is strongly depending on the available concentrations of the microelement manganese (Mn) (Table 5.5.)
Table 5.5. Effect of potassium and manganese treatments on the height and herbage yield of nightshade
(through Mohammad et al., 2011)
Rates of fertilizer
K0 Mn0
K0 Mn1
K0 Mn2
K1 Mn1
K1 Mn2
K2 Mn1
K2 Mn2

Plant height (cm)
137
154
149
157
154
165
163

Herbage yield (g/plant)
58
66
71
86
92
95
99

There are several plant characteristics influencing the harvestable yield indirectly and many of them may
be affected by the nutrient supply. There are some useful examples even in case of medicinal plant species for
this phenomenon.
Unit yield of while mustard is strongly influenced by the density of the plant stand, by the individual yield
potential but also by the size of the developed seeds (defined usually as thousand seed mass). Although mustard
does not have a specifically high demand for nutrients, an additional fertilization may manifest itself in increased
seed size (unit mass). This reaction is however, characterised by an optimum function as observable in Figure
5.14.).
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Figure 5.14. Thousand seed mass of white mustard (g) in different fertilization treatments: 1.Control, 2. N+P, 3.
N+P+K,50kg/ha, 4. N+P+K100 kg/ha, 5. N+P+K150kg/ha

Nutrients also frequently influence the dynamics of plant development, the ontogenesis. They have a
role in transition processes from the vegetative to the generative phase, in development of flowers but also in
fertilization and accelerating ripening, too. In caraway plots additional supply with potassium and magnesium
resulted in an earlier and more uniform flower formation. This process leads to an earlier, uniform ripening, better
harvesting and higher yields.
However, we must not forget the possible negative effects, either. The phenomenon that an overdosage
of nitrogen may result in elevated height and weaker stems causing a lay down of the crop. This may happen in
cycle of our species, too, like in case of poppy, fennel, mustard, etc. As a consequence of the better nutrient
supply the herbage yield of spearmint was increased, as mentioned above (Figure 5.11.). At the same time
however, a decrease in the size of the leaves could be observed (Figure 5.15.). The largest leaves were achieved
by the smallest potassium dosages. A potassium rate above the 100 kg/ha dosage had a negative influence on
leaf size, obviously as consequence of the higher yield. In a higher plant stand of longer stems, many leaves and
high biomass, there is namely no place and reduced light for the individual leaves. As the leaf drug (folium) has
frequently a priority on the market and a usually higher price than the shoot drug (herba), this phenomenon
should be of importance for the practice.

Figure 5.15. Size of leaves of spearmint due to different nutrient supply Treatments: 1=0; 2=NP;
3=NPK100kg/ha; 4=NPK200kg/ha; 5=NPK300kg/ha)
A balanced nutrient supply and especially higher potassium fertilization may contribute to stress
tolerance of different species like tolerance against drought, diseases. In lavender stand we also found an
increased frost tolerance in plots supplied by different fertilizers. A treatment by complex nitrogen, phosphorous
but especially by potassium fertilizer increased winter resistance of the plants. In this latest case the number of
frost damaged plants was reduced by one third compared to the non-treated plots (Figure 5.16.). It seems, that in
young stands of this species of Mediterranean origin, a proper and well designed, balanced nutrient supply may
be of high importance, even if this species usually known as less nutrient demanding one. Increasing frost
tolerance may have a big significance especially in loose, sandy soil.

Figure 5.16. French lavender damaged by winter frosts
In production of medicinal and aromatic plants we usually cultivate species and only in exceptional cases
one is dealing with selected varieties. Therefore we have only a limited knowledge about the differences of
genotypes, varieties of the same species concerning their nutrient requirements and responses. It is well known
from the circle of field crops or vegetables that there are considerable differences between the fertilization
technologies of intensive and extensive varieties. In case of medicinal plants there is hardly any information
regarding this aspect, but obviously we have to take it into consideration. As example, let‟s mention here the
findings with nettle (Urtica dioica) during the introduction experiments into the agriculture. Although nettle is
usually considered to have high nitrogen preference, it was proven that there are some genotypes of lower
nitrogen requirement, too (Figure 5.17.). Based on practical experiences we can state, those poppy varieties of
longer vegetation period need more nutrients, especially nitrogen than varieties ripening earlier (even by 2-3
weeks). Nitrogen supply in spring might contribute also to a better start of growth and strengthening of the
overwintered plantlets of winter poppy varieties.
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Figure 5.17. Response of different nettle accessions to nitrogen treatment
5.3.3. Connection between nutrient supply and production of active ingredients
A special goal of medicinal plant production is reaching maximum amounts of active ingredients. Yield of
active ingredients is determined by the biomass and by the concentration of active compounds in the plant mass.
While the general rules of biomass production in plant cultivation can be applied also for medicinal plants, the
picture is more specific in case of active molecules. Accumulation of biologically active compounds depends on
their chemical nature (essential oil, glycoside, alkaloid, etc.), on the site of biosynthesis (root, leaf, fruit, etc.), on
the method and place of transfer, on the site of accumulation in the tissues and cells (duct, bubble, gland, etc.).

The processes are influenced by several interactions which are hard to follow and detect by experimental way, as
it was shown by several research results.
Basically we can conclude that accumulation of active materials is principally indirectly influenced by the
nutrient supply: by modifying ontogenetic processes, developmental dynamics, proportion of organs, constitution
of tissue structure, etc. As the majority of active compounds are produced in the secondary metabolic processes,
they are basically determined by the primary biosynthetic routes.
Experiences show three characteristic features of the yield of active materials as products of plant
biomass and active material concentration values.
a./ Linear connection model (Figure 5.18.) describes the phenomenon when biomass is proportionally
growing as result of increasing nutrient supply while accumulation level of active materials is practically stable. In
consequence of this, active material yield changes parallel with the growth of biomass. This is the case e.g. for
the alkaloid production of Solanum species or for the essential oil production of Mentha arvensis.
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Figure 5.18. Linear model of nutrient supply and yield of active ingredients
b./ According to a power function model (Figure 5.19.) both biomass and level of active materials are
growing due to the increasing nutrient dosages, although the dynamics of them is not necessarily the same. As
consequence of this, however, the yield of active ingredients is growing too, by an even stronger dynamics than
the other two. This has been found e.g. in experiments with hairy foxglove for the production of lanatoside C
glycoside.
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Figure 5.19. Power model of nutrient supply and yield of active ingredients
c./ A polynomial model (Figure 5.20.) describes the connection which is characterised by a continuous
growth of biomass due to the increasing fertilizer rates, however, the level (concentration) of active materials

does not show any well defined connection with the nutrient supply. As a consequence of it, the result of these
two is a hardly predictable, “irregular” value. This was found e.g for the essential oil production of dill and valerian.
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Figure 5.20. Polynom model of nutrient supply and yield of active ingredients
It should be emphasized, that each of the above mentioned reactions is limited by the saturation point,
thus, they are valid only till a certain amounts of nutrients. After saturation, toxic and adverse reactions are
starting. The effect of nutrient supply can only be evaluated individually for each species compared to its optimum
function and values.
It is obvious, that the statement that medicinal plants tend to produce higher levels of active ingredients if
they are living under unfavourable conditions, is false. Although it is true that certain active compounds might be
produced at higher quantities under stress conditions –like essential oil components, phenolics, etc.- but their size
and the parallel experienced decrease in biomass does not seem to be an optimal alternative. It is much more
justified that the highest and most profitable yield of active compounds may be assured by an optimal plant
development and balance of vegetative growth and generative organs of medicinal species. It is shown in the
example below: the larger the spacing of caraway is, the better the accumulation levels of total essential oil is. At
the same time and carvone content is higher, too (Table 5.6.).
Table 5.6. Active ingredients of dill in different growth areas
Row distance (cm)

Plant distance

30
30
60
60

Dense
Thin
Dense
Thin

Essential oil content
(d.w.%)
4,89
5,14
5,03
5,44

Carvone content
(d.w.%)
2,52
2,67
2,67
2,88

5.3.4. Nutrient supply and the composition of active ingredients
Considering the quality of the drugs there is usually a difference also between content of active
ingredients and their composition (proportion of individual chemical compounds). It is not the same for example if
we speak about the accumulation level, the content of essential oil in peppermint leaves or about their menthol
content which is one major component besides many other ones in the oil. Similarly, the total alkaloid content of
poppy capsules is a single parameter of the drug quality and the ratio of morphine or thebaine in it is usually even
more important. As it has already been mentioned, biosynthetic pathways of secondary compounds are in close

connection with the formation of the primary compounds. If there is a continuous precursor flow from this primary
biosynthetic routes, generally the assimilate formation of secondary compounds may be undisturbed. However,
the types of special compounds formed (e.g. morphine, menthol, apigenin, etc.) are highly depending on the
presence and activity of enzymes and enzyme complexes involved in these synthesis. The enzymatic
background is directed by the genetic constitution, inheritance. It has been proven that a poor development of the
plant due to the shortage of nutrients results in disturbance of the essential oil accumulation of peppermint –as
formation of terpenoids seems to be an energy-demanding process. At the same time, the proportions of the main
components menthol and menthon in the oil are much more stable traits, regulated primarily genetically and
manifested through the enzymatic changes during ontogenesis. Thus, a variety of peppermint capable for a
higher menthol accumulation will produce higher rates of menthol in any nutrient supply circumstances than a
variety which is genetically less determined in this direction. It has been shown also in experiments with
chamomile: the number of flowers responded like an optimum power to increasing nitrogen dosages, while the
proportion of chamazulene practically did not show any change under the same circumstances. In the same
experiment, increasing levels of phosphorous fertilizer induced both an increasing flower number and an
increased mass of individual flowers, however hardly any change in chamazulene ratio.
A connection between the chemical nature of active compounds and their response to changing nutrient
levels may be presumed, too. Polysaccharides, mucilages which accumulate usually as storage compounds are
produced at an elevated level above the current need if the plant has an appropriate nutrient supply. Similarly,
more fatty oils and fatty acids are produced under these circumstances as they are devoted to assure the
development of the germinating seeds and seedlings. In some filed crops like sunflower, it has been observed
that administration of potassium fertilizers improved the quality of the oil by increasing the proportion of
unsaturated fatty acids. Although we have practically no reliable data about the connection of fatty oil
accumulation and the nutrient supply of the medicinal plant species, but in generally it is true that the plant
develops larger seeds (fruits) with proportionally (to a certain level) larger concentration of fatty acids. However,
interactions may be present also in these cases: abundant growth may induce not only bigger but also more
seeds which in return might reduce the individual seed size (thousand seed mass).

5.4. PROFITABILITY OF NUTRIENT SUPPLY IN MEDICINAL PLANT PRODUCTION
Based on the Law of Mitscherlich, the surplus of the yield is able to cover the excess costs of the
fertilization only to a certain dosage, after this point the additional nutrient supply results in deficit (Figure 5.21.).

Figure 5.21. Model for return of costs in plant nutrient supply
X axis: dosage of fertilizers; Y axis: revenues
In the production of medicinal plants, fertilization does not mean the biggest costs of the cultivation.
Expenses of fertilization are usually negligible beside the costs of manual weed control and drying of the

harvested material. However, as it has been demonstrated in this chapter, nutrient supply may influence
practically a big row of plant characteristics and as such, may have a great influence on the profitability of the
whole production.
Primarily we have to calculate the nutrient need of the plant stand (see chapter 5.1.). Nevertheless, the
lack of data on the need of the given medicinal plant species may cause a basic obstacle. There are not any
known differences between intraspecific taxa, varieties. In these cases it seems to be necessary to take the
practical cultivation experiences into consideration. Dosages of fertilizers should be handled however, by care
and to treat them as precedents which may be always influenced by the exact circumstances (soil type,
precipitation, irrigation, previous crop) of the production field.
Quantity and quality of the produced drugs can not always be optimized at the same time either, as it
has been shown. The need of the buyer should be considered first of all, as in some cases only the mass of the
product is important but in many other situations parameters like colour, size, and active material content are also
significant factors determining the price. Recently, purchase of the drug -especially in pharmaceutical raw
materials- is practically impossible below a standardized level of defined ingredients.
Control questions: (More answers are possible!)
1. Which elements play a role in regulation of osmotic processes?
a. Potassium
b. Calcium
c. Iron
d. Magnesium
e. Sodium
f. Boron
2. Which are the most important micro-elements in plant life?
a. Iron
b. Magnesium
c. Boron
d. Nickel
e. Zinc
f. Selenium
3. What does the Law of Liebig declare?
a. Each nutrient should be present in an equal amount for the optimal plant development.
b. Microelements are not effective without the presence of macroelements.
c. Plant production is determined basically by the element present in the lowest quantity
4. What does the Law of Mitscherlich declare?
a. Plant reaction decreases as the circumstances become better.
b. As response to nutrient supply is following an optimum power, overdosage is also dangerous.
c. Dosage of nutrient should overcome a minimum level for reaching its useful effect.
5. Which data are necessary for determining the nutrient need of the plant to a unit surface (kg/ha)?
Need of nutrient= Specific nutrient content x fresh yield
Need of nutrient = Need of the plant + corrections based on soil –other corrections
Need of nutrient = Nutrient content in soil+ dry yield – correction factors
6. What is the specific nutrient content?
a. Proportion of individual elements in soil compared to the total element content in mg/kg.
b. Plant dry mass multiplied by the atomic mass of the given element (%).
c. Amount of the element extracted from the soil by unit yield of the plant (kg/t)
7. What kind of groupings are there in the case of fertilizers?

a. aggregate
b. nutrient content
c. size of granules
d. nitrogen content
e. origin
f. pH value
8. Which medicinal plant species have a high nutrient demand?
a. peppermint
b. basil
c. savory
d. hairy mullein
e. dill
f. caraway
9. Which statement is not right?
a. Chamomile is salt tolerant, because the strong osmotic potential of the roots enables water uptake even from
salty soils.
b. Chamomile prefers salty soils because it can develop bigger leaves and more flowers here.
c. Chamomile prefers good soils because root meristem dyes quickly in salty soils.
d. Chamomile is able to propagate itself on salty soils because of lack of concurrent species.
10. Which factors and processes may be influenced by the nutrient supply?
a. Speed of plant development
b. Disease tolerance
c. Drug yield
d. Accumulation of active ingredients
e. Frost tolerance
f. Seed setting and ripening
11. What are the known connections between the yield of active compounds, concentration of active
compounds and plant biomass?
a. logarithmic, linear and/or power functions
b. linear, power and polynomial functions
c. according to the negative correlation coefficient
d. sinus or tangent functions
12. Which statement is not right?
a. Composition of active ingredients is influenced by the nutrient supply often only indirectly.
b. Accumulation of active ingredients follows an optimum function influenced by nutrient supply.
c. Production of effective materials is usually higher in poor soils and/or stressed environment.
d. Assuring an optimal development of the plant contributes to the profitability of production of active compounds.
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6. WATER SUPPLY OF MEDICINAL PLANTS
Author: Éva Zámboriné Németh
6.1. ROLE OF THE WATER IN PLANT LIFE
The water is one of the basic factors of plant life, it influences the distribution and production of species.
The role of water in plant life is multiple. It is the fundamental medium of metabolic processes; it is the largest part
of the cells‟ cytoplasm. Green plants obtain hydrogen from dissociation of water, thus, water is also one ultimate
molecule for CO2 assimilation. It provides a solvent and transfer media for most constituents of a living organism,
assures the turgidity of protoplasm which is essential also for a solid status of tissues and organs. Osmotic
balance is maintained by water storage and transfer. The water column in trachea enables the uptaking of
nutrients by the root. Transpiration through the stomata on the leaf surface of the plants contributes to keeping an
optimal temperature of the body.
In general, it is obvious, that changes in water supply would result in changes of many processes in
plant life. Modifications may occur in biomass production, often together with changes in proportion of vegetative
and generative organs or proportion of root and overground shoot system as well as tissue structure (e.g. leaf
thickness).
Both in natural habitats and in agricultural production, the water available for the plant depends on the
water resource of the soil. It is expressed as water capacity value. Soil water capacity (SWC) shows the water
storage potential of the soil. Wilting point is the second important value which shows a quantity of water of the soil
practically not available for the plant because of its strong adhesion to the chemical particles. It is also called:
“dyed water”. If the soil contains only the water amount of the wilting point, this results in permanent decay of the
plants. Difference of these two values however, gives the usable water capacity (WC). By mathematical formula:
SWC = WC – Wilting point
In most common cases the water capacity is around 50-70%.
The water content of a given soil can be determined by different methods. One of them is the gravimetric
method based on the potential of the soil to retain the water, where the tensiometric power (pF value) (sucking
effect which is in balance with the power that keeps the water in the soil, its value is the pF value, formulated as
the negative logarithm of the water column in cm maintaining this balance) will be determined. Another method is
the water content based on the electronic conductance of the soil, etc. Detailed knowledge on these methods can
be found in books about principles of irrigation. Water content should always be measured in the depth where the
majority of the roots of the given crop is growing (rooting zone).
Beside water capacity, the potential of the soil for retaining and/or supplying the water is also essential.
If this latter one is weak, the plant may require a double amount of water compared to a crop growing on soils
with more advantageous supply potential (Table 6.1.).
Table 6.1. Necessary amount of water (mm) for some characteristic medicinal crops in a year with moderate
precipitation in Hungary
Species
Lemon balm
Fennel
Marjoram
Chamomile
Valerian
- : cultivation not advised

Drug
herba
fructus
herba
flos
radix

weak
105
75
120

Water providing capacity of the soil
medium
good
100
80
80
50
50
60
45
105
70

very good
70
30
40
30
55

6.2. WATER DEMAND OF PLANTS
Under actual circumstances, water demand of the crop depends on several factors.
Origin: It is a basic determining factor for the water demand of any species. A lot of different forms of
acclimation to water supply are known from the desert plant till the marshland species. In Central Europe, species
from extreme areas do not play any role in the agricultural practice. Among wild growing plants we can find some
but not many examples, like the xerophyte (drought tolerant species which usually have xeromorph
morphological feautures like thick culticule, wax layer on the surface, indented stomata, etc.) houseleek
(Sempervivum tectorum) or the hydrophyte bogbean (Menyanthes trifoliata) which possess elongated stems and
leaves are floating on the surface of water. The mentioned species are rare and under protection of law.
The original growing area of the plant basically determines the body construction, its morphological,
anatomical structure, metabolism (C3-C4 species). Both quantitatively and qualitatively optimal drug production
can be achieved practically under natural circumstances which are most similar to the original ones of the target
species. Tolerance of the species is rather different from each other, nevertheless an environment largely
different from the original one may always cause stress effect for the plant and this fact presents itself most
frequently in a decreased biomass production. An additional water supply is necessary primarily in case of
species which originate from wet or humid habitats and do not tolerate dry condition on the long run. Also drought
tolerant species may have characteristic life periods (e.g. germination) when they are relatively susceptible and
need more water. This must be taken into consideration in the cultivation practice.
Response of the plant to the increasing dosages of water can be described by a normal (optimum)
function where each species may have a different optimum point. Moreover, the optimal amount of precipitation
may differ in case of the same plant depending on the ontogenetic phases. Thus, water demand for the
vegetative growth of the crop, for high green mass or for flowering and accumulation of special substances (see
later on) usually is different. During introduction of wild growing plants into the agriculture, it is useful to examine
and determine the optimal water requirement of each phase. However, this is not a simple task and is only
possible in several steps in vitro (working with plants under artificial, often controlled circumstances, in
greenhouse, phytotron chamber, laboratory) and in vivo (working with plants under natural, open field conditions)
(Figure 6.1.).
.

Figure 6.1. Development of tansy (Tanacetum vulgare) in soils of different usable water capacity (WC)
Ontogenetic phase: Water requirement of the same species or even of the same individual depends on
the current status of its growth and development. Each plant cultivated in our region needs water for germination.
Besides, there is usually an increased demand for water in the intensive growth periods and flower differentiation.
To assure the potential for two or more harvests in the same year (regeneration of the plant), water supply is also
essential. In general, it can be established that the most important and characteristic irrigation periods –although
depending on species to a large extent- are the following:
- after sowing to assure a uniform germination and emergence
- after planting to assure rooting and regeneration of the seedlings/transplants

- at the period of abundant shoot formation, before appearance of the flowers
- after the first harvest, if our goal is to cut the stand another time.
Similarly, it is also advisable to mention the characteristic periods when intensive irrigation may harm
and excess water may damage the crop. Irrigation during flowering may result in a sudden decay and falling
down of the flowers, retard or set back pollination and fertilization, contribute to spreading and attacking of
diseases. Crops providing fructus (fruit) drugs (e.g. milk thistle, borago, caraway) must not be irrigated after the
formation of the fruits and during ripening. It is not a good idea to irrigate the crop providing herba or folium (shoot
and leaf) drugs (e.g. lemon balm, basil, peppermint) 8-10 days before the planned harvest, because their
increased water content might lead to increased costs of transport, to an easy deterioration of fresh material and
also drying may be longer and more expensive.
The differences in yield and content of active ingredients due to differences in timing of irrigation periods
can be observed in the following experiment with estragon (Table 6.2.) The water supply in critical periods as
(development of side branches, appearance of buds and after the first cutting) resulted in multiple yields.
Table 6.2. Green mass of estragon and its essential oil content during first and second harvest
(by Waly et al., 1980)
Irrigation
Without irrigation
Watering in every 2 days
Watering in critical periods

Fresh shoot mass (kg/m2)
1. harvest
2,69
5,71
7,08

2. harvest
3,66
3,39
5,66

Essential oil content (% d.w.)
1. harvest
1,05
1,25
1,45

2. harvest
1,27
1,32
1,75

Plants and plant stands are able to adapt themselves to a certain extent to changes in water availability.
As an effect of lack of water or minimum supply the abundance of root system, the area for water uptake starts to
grow (Figure 6.2.). In other cases leaf area is decreasing in order to minimize transpiration. Plants developed
under continuous good water supply in their juvenile phase are more sensitive to drought stress later on than
plants which could acclimatize to bad circumstances, weak water supply.
In case of mainland species optimal water uptake is in tight connection with the size and development of
root system, its health and physiological status. Although formation of root system is basically a species specific
trait, it is also influenced by habitat, soil type and height of soil water level. There are some agrotechnical
procedures too, which are able to modify the morphology of the roots and through this its capacity for water
uptake. It is known e.g. that after propagation by seed sowing a deeply growing main-root system is developing
while after propagation by cuttings the developing roots are thinner and heavily branching. It has been observed
in case of angelica that the formation of the roots depends also on the fact whether the plant has been
propagated by direct sowing or seedling raising. In the former case the roots were longer, growing deeply in the
soil and having a small number of side roots while in the latter case the roots were growing shallow, exhibiting
mainly roots of similar thickness and size, which is more advantageous for an effective harvest.
Many other factors should contribute to and influence the water demand of the plant, which are usually in
connection with each other. Besides the mentioned biological needs, environmental factors do play a significant
role. They can be grouped according to the following principles:

Figure 6.2. Different formation of the root system of marshmallow due to propagation method
a./ Factors in connection with the characteristics of the growing area: This is the soil type which
determines its water capacity and water retaining potential. This is also the relief which influences the efficacy of
the precipitation and the temperature, warming of the field. The growing habitat determines also the number of
sunny hours, the irradiation and through these factors indirectly the temperature and transpiration.
b./ Weather conditions: the weather conditions of the same time period at the same growing area play an
important role. It includes amount, distribution, intensity and form of precipitation but also presence and strength
of wind, alterations in temperature have an influence to the water supply.
c./ Technological factors: water demand and potential for the utilization of available water may be
effected by the production technology, too. Propagation method (see above), propagation time, thickness of the
stand (row and plant distance), intensity of cultivation (number and frequency of harvests, nutrient supply) are all
such factors. Protected cultivation, cultures in greenhouses and other covered surfaces have a principally
divergent demand and technological background. However, it is still very rare in medicinal plant production.
According to the above mentioned factors and their interactions, the water concentration of the tissues is
changing, in consequence the turgidity stage (water saturation of plant tissues) of the plant will also be modified.
Modifications include opening of the stomata, intensity of transpiration, proportion of photosynthesis and
respiration, the so-called net photosynthesis. Through these modifications alterations happen in the water
requirement of the plant which should be followed by appropriate irrigation.
6.3. WATER DEMAND OF MEDICINAL PLANT SPECIES
Information on the consequences of water supply among medicinal plants are often contradictious,
which indicates a complex problem. Formerly, it has been generally accepted that a more abundant watering
results in a higher vegetative mass but less effective to the accumulation of active compounds. Today it seems to
be a general assumption that optimal water supply should contribute both to a higher biomass and at the same
time to a higher production of biologically active ingredients.
In Hungary and the surrounding region approximately 50 medicinal plant species are regularly in
cultivation and there are more than 100 species collected from wild habitats. Water requirements of cultivated and
indigenous wild species have proved to be significantly different. Comparing their water demand based on the socalled W value (one of the ecological indicator values which characterizes the habitat preference of plant species,
showing the demand for water soil moisture. Value 1 indicate drought tolerance while value 5 shows high
moisture demand). It could be established that cultivated species exhibit less extreme requirements compared to
the wild growing ones. Cultivated species prefer basically moderate moisture content and there are no ones
among them with really xerophytic or hydrophytic properties.
Water requirements of the most significant cultivated medicinal plants are summarized in Table 6.3.
indicating the species where an effective production without irrigation is not likely.

Table 6.3. Water requirements of the most frequently cultivated medicinal plant species
Species

Characterisation according
W value

Achillea collina
Dry
Althaea officinalis
Moderately wet
Althaea rosea var. nigra
Humid
Anethum graveolens
Humid
Angelica archangelica
Humid
Anthemis nobilis*
Humid
Artemisia absinthium
Moderately dry
Artemisia annua
Moderately humid
Artemisia dracunculus
Moderately wet
Borago officinalis
Humid
Brassica spp.
Dry
Calendula officinalis*
Dry
Carthamus tinctorius
Moderately dry
Carum carvi var. annua
Moderately wet
Carum carvi var. biennis
Humid
Chrysanthemum cinerariaefolium
Very dry
Cnicus benedictus
Moderately humid
Coriandrum sativum
Humid
Cucurbita pepo var. styriaca
Humid
Digitalis lanata
Moderately dry
Dracocephalum moldavica
Humid
Echinacea spp.
Humid
Fagopyrum esculentum
Humid
Foeniculum vulgare
Moderately dry
Hippophaë rhamnoides
Moderately dry
Humulus lupulus
Wet
Hyoscyamus niger
Moderately dry
Hypericum perforatum
Moderately dry
Hyssopus officinalis
Dry
Lavandula angustifolia
Dry
Lavandula x intermedia
Dry
Leuzea carthamoides
Moderately dry
Levisticum officinale
Humid
Linum usitatissimum
Moderately dry
Majorana hortensis
Moderately dry
Malva sylvestris subsp. mauritiana
Moderately dry
Marrubium vulgare
Moderately humid
Matricaria chamomilla
Moderately humid
Melissa officinalis*
Moderately dry
Mentha piperita*
Moderately wet
Ocimum basilicum*
Humid
Oenothera erythrosepala
Moderately dry
Papaver somniferum
Moderately humid
Pimpinella anisum
Moderately humid
Plantago spp.
Moderately humid
Ruta graveolens
Moderately dry
Salvia officinalis
Moderately wet
Salvia sclarea
Moderately dry
Satureja hortensis
Dry
Silybum marianum
Dry
Sinapis spp.
Moderately dry
Thymus vulgaris
Dry
Trigonella foenum-graecum
Dry
Valeriana officinalis*
Moderately humid
Verbascum phlomoides
Dry
*: species which are not advised to cultivate without irrigation facilities
Scale: dry < moderately dry < moderately humid < humid < moderately wet < wet

Ecological demand according to
production experiences
Moderately dry
Moderately wet
Humid
Moderately humid
Moderately wet
Humid
Moderately dry
Dry
Humid
Moderately humid
Moderately dry
Moderately humid
Moderately dry
Humid
Humid
Dry
Dry
Moderately humid
Moderately humid
Moderately humid
Moderately humid
Moderately wet
Moderately humid
Moderately humid
Moderately dry
Moderately wet
Moderately dry
Moderately dry
Dry
Dry
Dry
Moderately dry
Humid
Moderately humid
Humid
Humid
Moderately dry
Moderately dry
Moderately humid
Wet
Humid
Moderately dry
Moderately humid
Moderately dry
Dry
Humid
Moderately dry
Dry
Moderately dry
Moderately dry
Moderately dry
Dry
Moderately humid
Moderately wet
Dry

Among others, angelica (Angelica archangelica), coneflower species (Echinacea spp.), hop (Humulus
lupulus), lovage (Levisticum officinale), mint species (Mentha spp.) and valerian (Valeriana officinalis) belong to
the group of species demanding higher amounts of water (humid, wet). There are numerous species known
which are principally not among the ones demanding high amounts of water but under the circumstances of the
region, their production is hardly profitable without regular irrigation. Species like marigold (Calendula officinalis),
oil pumpkin (Cucurbita pepo var. styriaca), hairy foxglow (Digitalis lanata), marjoram (Majorana hortensis) and
basil (Ocimum basilicum) belong to this group (Figure 6.3.).

Figure 6.3. Basil plants supplied by different dosages of water (from left to right: irrigated every 2nd day,
irrigated every 4th day, irrigated every 6th day)
As in any other group of plants, intraspecific varieties of certain medicinal species might be different in
water use and requirement. Agrotechnology and variety are usually in connection. Unfortunately, in medicinal
plant production the spectrum of varieties is rather poor (see chapter 2.). There are not any cultivars especially
selected for a more economic water use or drought tolerance. Therefore optimising the genotype (variety) and
water supply is not possible today in the medicinal plant production. Nevertheless it is known and justified in
scientific experiments that water demand and drought sensitivity of intraspecific taxa (strains, populations,
accessions) of the medicinal and aromatic plants may be different from each other therefore this aspect should
gain a higher significance in the future.
6.4. EFFECTS OF WATER SUPPLY
6.4.1. Effects of irrigation on drug yield
It can be established that the goal of irrigation is assuring a production of optimal yield and drug quality
taking into consideration the aspects of profitability and sustainability.
Cultivation of some species is not realizable without irrigation which means that irrigation is a
fundamental condition for them. The high importance of irrigation is supported by the fact, that in Israel, on the
territory of the Negev desert 1000 hectares of high intensity horticultural crops, - among other those of medicinal
plants - have been established and operate prosperously.
The yield of Mediterranean species may be increased even under their indigenous conditions reducing
the retarding effects of drought and high temperatures. In Bari (South-Italy) the production of glycorice
(Glycyrrhiza glabra) roots could be elevated from 14.6 tonnes to 20 tonnes by irrigation. This plant should be
irrigated eight times in Tadzhikistan to assure optimal yields.
It may be an even bigger challenge if the cultivation of moisture/water demanding species is established
in permanently arid or semi-arid regions. An example for this is calamus (Acorus calamus) which needs thick and
rich soil layer, continuous water saturation.

Diverse response reaction on the water shortage of species characterised by variable water requirement
is reflected in the behaviour of basil and savory. According to the experimental results, the biomass of basil
dropped to two-third if water capacity of the soil decreased from 70% to 30%. At the same time the production of
savory suffered only a 20% loss (Table 6.4).
Table 6.4. Production of basil and savory under different water regimes of the soil
Species
Satureja hortensis
Ocimum basilicum

Fresh mass (g)
WC 70%
WC 50%
WC 30%
17,80
15,60
13,40
29,17
24,04
20,75

Essential oil content (ml/ 100g d.w.)
WC 70%
WC 50%
WC 30%
2,01
2,04
2,27
0,46
0,44
0,48

An optimal water supply is frequently a prerequisite of introduction of intensive agrotechnical methods
aiming the increase of yields. Irrigation enables for example the very intensive cultivation system of poppy in
Australia. It has been established that under the arid, warm climatic conditions at least 300 mm irrigation water is
necessary for appropriate yields. Without this water amount the fertilizers can not be utilised either. Growth of
plants is retarded, may stop, accumulation of alkaloids decreases by about 10%, capsule yield is minimised and
ontogenesis shortened.
In Hungary it is well known that some spice species (e.g. marjoram, lovage) can be sown to direct place
and a uniform juvenile development, necessary density of the stand can only be assured by proper water supply.
In lack of regular watering small seeds are not able to germinate, the stand will be very thin. In consequence of
this, the danger of weed cover increases and most likely the field must be ploughed out.
Utilization of nutrients by the plants needs a proper moisture content of the soil, too. Own studies
proved, that spearmint can take up and optimally utilize 200 kg/ha K2O in average years but it is able to utilize a
higher dosage up to even 300 kg/ha if there is more precipitation during the vegetation year.
Unfortunately, abundant water supply contributes in a plant stand not only to optimal development of the
cultivated crop but improves the life circumstances of many weed species, too. Therefore, irrigated cultures
necessitate a well established and careful weed control system including proper crop rotation, mechanical and
chemical herbicide technologies.
Water demand of medicinal plants depends also on the fact which organs provide the medicinally used
drug. Most demanding are the ones giving leaf drugs (folium) like peppermint, lemon balm, plantain. In their fields
it may cause a severe problem if the useful water capacity of the soil drops below 50% for a longer period (1-2
weeks). In case of species giving shoot drug (herba) the stem parts are less sensitive for drought conditions but a
permanent soil water capacity value below 25% may cause severe harm. Somewhat higher soil water capacity is
necessary for species providing root drug (radix). Here, a WC less than 30% may result in development of
thinner, less valuable roots and deeper growth of the root system which would make the harvest more difficult. A
moderate water demand is characteristic for the species giving flower drugs (flows) or even more for those which
supply fruit and seed drugs (fructus and semen). For them, precipitation during flowering or ripening period might
have negative effects. However, if soil WC drops below 20% even these crops require irrigation in order of proper
biomass production.
6.4.2. Effect of irrigation on the content of active principles
There is much less information about the second most important point which is the effect of water on the
accumulation of biologically active molecules in the drugs.
According to the experiences it seems, that the chemical properties of a given effective compound are
not the only influencing factors of the response to water supply. It is also very important in which species we
examine this response. The level of water supply will namely provoke a diverse reaction e.g. concerning the
essential oil content of the hydrophyte Mentha or the xerophyte Lavandula species, respectively.
It has been demonstrated formerly, that an abundant precipitation would lead to a decreased alkaloid
content of the Solanaceae species. Further research cleared however, that this decrease might be in connection

also with the lack of enough light like in nature, where rainy weather comes together with clouds and decrease of
sunny hours. Accumulation of tropane alkaloids hyoscyamine and scopolamine in nightshade (Atropa belladonna)
which prefers humid habitats, has been however higher under stress conditions (drought). Based on detailed
investigations, it seems to be most likely, that in majority of species the water supply has less influence on the
formation and accumulation of alkaloid type compounds. At the same time irrigation may still be very useful when
increasing the biomass production and at the same time the total production of active compounds.
Similarly, it has been shown in case of hairy foxglow (Digitalis lanata) that irrigation enhances primarily
the drug yield which contributes to the elevation of yield of glycosides, however the concentration of these
glycosides remains practically unaffected.
In cycle of essential oil containing species the picture is rather complex. Among the species regularly
cultivated in our region, the demand of peppermint (Mentha piperita) seems to be the best known. It has already
been established in the 1960s that irrigation would modify the content of essential oil depending on the
phenological stage. A regular water supply in this crop is a prerequisite not only for the desired drug yield but also
for the essential oil level characteristic of the variety. Our own results show that a proper watering could
contribute not only to the growth of overground organs but accelerate the development of the stolons, too (Table
6.5.).
Table 6.5. Effect of water supply on the yield and content of active ingredients of peppermint
(Zámboriné és Tétényi, 1986)
Irrigation
Fortnightly 20 mm
(plus natural precipitation)
Completed the natural
precipitation to 20 mm/week
Without irrigation
(natural precipitation)

Fresh shoot yield
(g/pot)

Yield of stolons
(g/pot)

Essential oil
content
(% d.w.)

Menthol content
(% ess.oil)

1360

360

2,46

51,7

1190

410

2,62

52,8

920

320

2,02

51,2

Regular irrigation might be especially important on arid, high temperature areas. The cultivation of M.
piperita var. citrate can be carried out in India only by regular water supply. Based on research data by this way
the production both of the drug and the essential oil content can be increased by 60-80%. Irrigation however,
does not influence the essential oil content of chamomile (Matricaria chamomilla) which is a species adapted to
less humid circumstances. Moreover, it seems that too much water should lead to damage. It can be concluded
that the reaction of essential oil containing plants is much dependent on species and ecotype (intraspeciefic unit
of a species which has common genetic background for adaptation to a certain environment).
Penka (Checz author) published the following groups concerning the water response of these taxa.
Irrigation results in an increase of essential oil content (concentration):
- caraway (Carum carvi)
- fennel (Foeniculum vulgare)
- angelica (Angelica archangelica)
Essential oil content (concentration) does not change as consequence of irrigation:
- anis (Pimpinella anisum)
- lemon balm (Melissa officinalis)
Irrigation results in a decrease of essential oil content (concentration):
- parsley (Petroselinum crispum)
- lavender (Lavandula spp.)

During a long term experiment in cultivation of hyssop of Mediterranean origin, measurements revealed
a significant, negative correlation (r=0.93) between the amount of precipitation in flowering period and the content
of essential oil in the flowers (Figure 6.4.).
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Figure 6.4. Connection between essential oil content of hyssop and the amount of precipitation during the
flowering period
In case of another perennial spice plant, of estragon, irrigation in the optimal periods during the plant
development enhanced both shoot biomass and its essential oil content (Table 6.2.). According to the studies on
Taxus brevifolia it has been shown that the trees produced higher amounts of taxanes (terpene-alkaloid
compounds) and abscisic acid among arid growing conditions than other ones under irrigated conditions.
In Mediterranean areas the accumulation level of both diterpenic compounds of rosemary (Rosmarinus
officinalis) carnosil and carnosol decreases significantly due to the lack of precipitation and the effect of bright
sunshine. Most likely, this decrease occurs in consequence of the enzymatic changes as result of the stressed
environment. Similarly, in stress conditions connected to low supply of water the content of diosgenine (steroidsaponin compound) decreases in fenugreek (Trigonella foenum-graecum).
No uniform pattern could be established for the fatty acids and fatty oils, either. Water regime near the
optimum level proved to accelerate the biomass of the species but had less effect on the accumulation of fatty
oils. It was demonstrated in Iran by investigations on oil flax (Linum usitatissimum): an irrigation dosage of 60 mm
significantly increased the height and number of branches and that of fruits but did not influenced the quality and
composition of fatty oil of the seeds.
On agricultural fields of Central-Asia even safflower should be irrigated because of the uneven
distribution of natural precipitation (Figure 6.5).
Accumulation of phenolic compounds is strongly influenced by the weather. Investigating chamomile
population in Hungary for several years showed, that varying weather conditions generated larger differences in
the flavonoid content of the flowers than geographical and edafic differences among growing areas did.
As summary we could establish that the type and size of response of the plant on drought stress
depends both on the species itself and also on the chemical features of the active compound.
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Figure 6.5. Effect of drought stress on the composition of fatty acids in safflower
6.4.3. Other effects of irrigation
Quality of the drug is usually determined not only by the content of active ingredients but also by outside
characteristics (e.g. surface, colour) and pollution by organic or inorganic materials. Water supply might have a
great influence also on these features, too. Pollution by organic materials may be increased by the fact that water
induce kicking up of soil particles for the ground on the surface of the leaves. This may be a severe problem
especially in species of lower growth which provide shoot or leaf drug (herba, folium) like marjoram, savory,
lemon balm or mint species.
Due to the irrigation, the proportion of different plant organs in the total biomass might change
considerably. In medicinal plant production, a change between the proportions of vegetative and reproductive
organs (leaves/flowers, fruits) has a big importance. In crops cultivated for their flowers or seeds like chamomile,
marigold, borago, mustard, etc. presence and high proportion of leaves or/and stems is unambiguously a
drawback.
An abundant supply of water might result in exuberant growth of plant, in a thick plant stand which
further on decreases the size and mass of the leaves. An increased mass proportion of the stems in the plant
material raises the transport costs and reduces the content of effective materials.
Not only morphological features (well identifiable by sight) can be modified as consequence of regular
water supply but also inside composition, tissue structures, anatomical features. In researches connected with
valerian are described a modification of palisade parenchym ((a coloumn like tissue usually below the surface
epidermis of a leaf with numerous chloroplasts and intercellular ducts) and a connected attenuating of the leaf
width as consequence of irrigation technology. The acclimation potential of the plant is shown by the fact that at
the same time the diameter of the transfer elements, the area of cross section of the main vessel were also
modified.
It is a known fact, not only characteristic of the medicinal plants that irrigation –especially in a tight plant
stand- may contribute to the spreading of diseases, fungi and bacteria. It is obviously in connection with the
differences in precipitation, that fungi like Sclerotinia, Septoria and some others mean a continuous danger in
caraway production in The Netherlands, while there are practically unknown in Hungary. Similarly, in rainy
weather the plant protection procedures against Peronospora and Helminthosporium fungi must not be left out
while in dry years such interventions may not be necessary at all.

6.5. PLANNING OF IRRIGATION
To carry out a proper irrigation procedure assuring optimal development and drug production, in each
plant stand and on each field one has to plan the followings carefully:

- timing of irrigation
- implementation, methodology of irrigation,
- dosage of the water
According to the above described, the time of the irrigation is influenced principally by the weather, by
the phonological-physiological stage of the plant. During the day it is advisable to carry out the irrigation in the
morning or in the evening hours, especially by rain-type equipments, as in these periods transpiration is weaker
and plants are not damaged by the cold drops of water falling on the leaf surface heated by the sun. In the
practice however, organisation of the work may be restricted by official labour hours.
Methods and equipments are usually applied as the possibilities allow them. Principally, it should be
decided already before setting of the plantation or sowing the crop, if there is any irrigation intended (see Table
9.). In this case, cultivation of the planned crop should be included in a crop rotation field supplied by irrigation
infrastructure or at least there is some possibility for getting and transferring water to the given field if it would be
necessary.
The amount of water for the irrigation may have a large amplitude, as described above. However,
generally, it seems to be more advantageous to carry out the irrigation less frequently but with larger dosages of
water. A smaller proportion of the larger amount of water will be wasted through transpiration and may contribute
to the improvement of micro-climate (a specific climate formed immediately close to the soil surface or in a
smaller region –e.g. among the leaves of a tree).. Experiences show, that at the same time the maximum amount
of the irrigation water should not exceed 30 mm in order to protect the soil structure. The surplus water will flow
away or cause damages. It is important to know that the dosage of water corresponding to 1 mm precipitation is
10m3 pro hectare.
6.6. METHODS OF IRRIGATION
Technical carrying out of irrigation in medicinal plant cultivation depends basically on the type and size of
production. On large scale fields, in cultures cultivated by so-called “cereal-technology” (anis, poppy, etc.), raintype irrigation equipments are usually used, rotating or pulled along the field. Equipments may be self-running or
transferred ones. In plant stands cultivated for the roots, furrow irrigation can also be applied, and the plants are
placed on ridges (e.g. valerian, lovage).
Species cultivated in horticultural firms, may also be irrigated by different rain-type equipments supplied
by dispensers –mobil, mechanically moved or automatic – but there are also examples for dropping irrigation. The
necessary amount of water and its costs are variable, depending on the solution.
Technical details of the construction and work of irrigation equipments are not target of this training
material. More information on this topic can be found in Training material entitled “Technical knowledge”.
The available infrastructure on the field and in the enterprise restricts the choice of solutions. In the
frame of the realistic possibilities, however, the producer always has to optimise the agrotechnical procedures,
the irrigation among others. In this training material the emphasis is on the biological and ecological background
but obviously, economical considerations are also very important.
In medicinal plant production we have to plan the irrigation procedure and methods based on the type of
the drug and the type and level of the active material which should be achieved. Methodology and equipments of
irrigation with their special parameters may significantly influence the formation and balance of active agents of
the plant organs.
There are documented cases known, that essential oil content of the species accumulating the oil in
glands on their leaf surface (e.g. sage, mint) may be severely reduced by rain-type irrigation (Figure 6.7.),. Quality
of root drug (e.g. in case of lovage, angelica) however, remained unaffected by the method of water supply
(Figure 6.8.).
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Figure 6.7. Yield and essential oil content of basil due to different irrigation methods
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Figure 6.8. Yield and essential oil content of lovage due to different irrigation methods
Poppy is allowed to be irrigated by rain-type equipments maximum to the phase of unripe, green
capsules, till they are covered by a considerable wax layer. Later, in the ripening period by extenuation of this
layer, the morphine content of the capsules is severely reduced, practically washed out if the water is coming
from above. It is a less significant danger in case of other alkaloids, e.g. noscapine.
For each species, the optimum conditions should be examined separately.
6.7 WATER SUPPLY IN GAP SYSTEM
In an integrated cultivation system each procedure should be properly documented from the
preparations till the ending of the work. The documentation includes many steps like the exact definition of the
field, the exact state of the plant stand, the weather, the state of the soil, time of the irrigation, the amount and the
quality of the water carried out to the field, persons participating in the activity, etc. The most effective equipment
should be purchased and operated.
Quality of the irrigation water should fulfil the national and international (EU) requirements. The
guidelines of GAP system (Good Agricultural and Collection Practice- quality assurance system applied in
medicinal plant cultivation and collection) contain also the regulations concerning water quality
(http://www.europam.net/). According to this, irrigation water must not contain –among others- heavy metals,
pesticides and other toxic materials, besides, there is a maximum level set for the content of salts and chloride
ion. Also, the allowed maximum quantity of microbes is determined.
6.8 PROFITABILITY OF IRRIGATION
It is an often emphasized opinion that the cost of irrigation does not return in the large scale cultivation
form of medicinal plants (i.e. crops of “cereal” technology) and in smaller surfaces (in “horticultural crop rotation)

irrigation should be profitable only when it is necessary to use during germination or in extreme dry weather
conditions. However, recent tendencies of the world market, intensification of concurrence and quality oriented
production makes this statement rather questionable.
In the technological background, generally applied in medicinal plant cultures, the yield is drastically
determined by precipitation, wind and temperature especially during emergence and shoot formation. In intensive
production – as mentioned above – not only the quantity and quality of the drug is improved but also the safety
and stability of the total production is growing.
Decision about introduction of irrigation technologies, its necessity, abundance and method must be well
grounded. A basic requirement seems to be that excess costs of the irrigation must return by the anticipated
growth of drug mass and/or improvement of its quality.
Costs of the irrigation technologies are not negligible. Purchase and building of the equipment and also
its operation (labour, energy, maintenance, reparations, water charge) afterwards necessitates considerable
financial investment. These costs are highly dependent on the type of the equipment. Additionally, we have to be
aware that amortization, maintenance and reparation costs may be present even in years when the equipment is
not used at all. Expenses will return only in that situation if an additional income can be obtained for a long run by
the increased yields or by the improved drug quality.
Studies on climate change have been intensified recently. It seems that effects of warming up and the
weather extremities connected to it might be manifested in the horticultural cultivation very soon.
The ratio of species of Mediterranean origin among cultivated medicinal plants is outranging. As
examples we could mention Lavender species, garden thyme, coriander, marjoram. According to numerous
studies, a negative effect of the warming up would be moderate in case of these crops. Besides, lack of natural
precipitation can be substituted by optimized irrigation, and this is a significant advantage comparing to the
situation of the wild growing, indigenous species. Although intensive production is more expensive, but at the
same time more advantageous concerning yield safety and drug quality.
You can read more about climate change in the digital training material “Climate change”.
Control questions: (more answers are possible)
1. What does the useful water capacity of the soil mean? How is it calculated?
a. Total water content of the soil – water amount taken up by the plants
b. Total water storing capacity – water not available for the plants (dyed water)
c. Water pressure at the wilting point - evapotranspiration
2. What does the wilting point mean?
a. Strongly bound water in the soil, not available by the plants
b. Quantity of water available in the soil during the very hot sunny days
c. Value of the osmotic pressure, at which the capillary elevation of water can not compensate the water lost by
transpiration
3. What are the most water demanding periods in the plant cultivation:
a. Germination, emergence
b. Shoot formation
c. Differentiation of flowers
d. Seed setting
e. Seed ripening
f. Re-shooting
4. How does the plant acclimate to the poor water supply?
a. Growth of the root surface for water uptake
b. Growth of the leaf surface for assimilation
c. Thickening of the cuticule
d. Development of less but larger flowers
e. Earlier flowering and ripening
f. Formation of climbing character, weak growth

5. Which species are not suggested to cultivate without irrigation under CE conditions?
a. poppy
b. fennel
c. lovage
d. thyme
e. rosemary
f. lemon balm
6. What are the connections between irrigation and other agricultural procedures? Which is right?
a. Irrigation may influence the use of nutrients
b. A higher number of individuals and a thicker plantation is possible in irrigated plant stand
c. The number of harvest, thus, the costs of cutting and transfer are growing in irrigated fields
d. Irrigation enables a less strict crop rotation
e. Introduction of irrigation technologies is a prerequisite of quality assurance.
f. Due to irrigation an enhanced crop health and drop of costs of plant protection is possible
7. What are the effects of irrigation to the accumulation of active substances?
a. Irrigation would alter the concentration of alkaloids.
b. Glycoside content of foxglove is not significantly influenced by water supply
c. Essential oil of peppermint is optimal if water supply is abundant
d. Essential oil content of hyssop will only be high enough under irrigated condition
e. An appropriate amount of precipitation during fruit formation is necessary for the accumulation of fatty oils
f. There is hardly any general answer for this, it depends on the species and the chemical compound
8. How does the irrigation method influence the quantity and quality of the drugs?
a. Alkaloid content of poppy capsules is growing by rain-type irrigation.
b. Alkaloid content of poppy capsules is dropping by rain-type irrigation.
c. Essential oil content of basil leaves is preserved by dropping irrigation
d. Essential oil content of basil leaves is decreased by dropping irrigation
e. Leaf of marjoram is polluted easily if irrigated by rain-type equipment
f. Leaf of marjoram is washed down if irrigated by rain-type equipment
g. Irrigation enhances formation of flower-heads in chamomile compared to vegetative parts
h. Irrigation may cause diseases in caraway and a negative effect on seed setting
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7. Up-to-date plant protection and weed control technologies of medicinal plant production
Authors: Péter Radácsi and Péter Rajhárt
7.1.What is plant protection, what do we have to protect against?
First of all we have to define what the word plant protection means. According to the XXXV. law of 2000. plant
protection can be described as follows: to secure coordinated, effective action to prevent and to control the
introduction and spread of pests of plants and plant products. On the score of these facts we can separate abiotic
or climatic factors (hail, drought, frost damage) and biotic factors. This topic focuses on the protection against the
biotic factors. Usually we classify these facts into three main groups: 1. Pests (insects, mites, eelworms, rodents,
big games) 2. Diseases (fungal/bacterial diseases, viruses, phytoplasms) 3. Weeds. In the spite of the weeds
staying in the third place in this specification, we need to be aware of the fact that the usage of herbicides is the
most widespread in case of pesticides. According to KSH‟s data from 2000 herbicides are applied on 25 %, while
against pathogens on 10 % and against pests only on 9% of total territory of Hungary. So we can state that the
areas treated with herbicides are 2-2.5 times bigger than areas treated with other chemicals.
7.2. The importance of plant protection
The importance of plant protection is questioned many times. While we can throw away a „grubby” apple grown in
our own garden, we can not do the same in a professional orchard. It is especially true in the case of the MAP
(Medicinal and Aromatic Plants) where the biomass production is not only the first and only aim of the production.
Three factors can influence the profitability of production in the case of wrongly or not applied plant protection.
First the damaged crop develops less biomass so the yield is decreasing and the quantity is also deteriorating. It
can be an aesthetic problem (stained, discoloured leaves, mastication) but on the other hand it can significantly
reduce the amount of special agents (eg: Quantity of the essential oil of tutsan leaf infected by phytoplasm
decreasing with 60% compared to healthy leaf.) Summarizing this two factors, in the case of MAP the reduction of
special agent yield can be significant. Accordingly we can say that the properly applied plant protection
technology is the basis of the economical crop production. We must not ignore the fact that chemical control has
serious environmental impacts. We use 2.5 million tons of pesticides a year and we cause 100 milliard $ damage
with it.
7.3. The features of plant protection and the medicinal plant sector
If we speak about medicinal plants we should not forget about the three important attributes that the plant must
possess: safety-quality-efficacy. If the applied plant contains significant pesticide residue, the criteria of quality is
weakening. It is especially true for those medicinal plants where we expect therapeutic effect but the
contaminated plant can be harmful to health. Nowadays there is a great importance of the residue-free MAP
production. On the other hand there is a serious pressure and requirement for more and higher quality drugs. It
includes that the drug must be free from pests and diseases of course. You can achieve this in the case of proper
pesticide registration for MAP crops or by working out and up-to-date plant protection technologies. If we look at
the current list of authorized pesticides in Hungary (Figure 7.1), there are only eleven MAP crops mentioned in it
(Table 7.1).

Figure 7.1. Certified pesticides and yield enhancing substances (Photo: Radácsi)
Table 7.1 Map crops with certified pesticides
Crop
cucurbits
dill
hyssop
hop
fennel and caraway
flax
marjoram
poppy
mastard
roman chamomile
tarragon

Certified pesticide
more than 100
2
2
13
15
16
8
18
30
5
6

The majority of these plants can be cultivated by field cultivation technology: mustards (Sinapis spp.), caraway
(Carum spp.), poppy (Papaver somniferum). If we take into consideration the richness of species cultivated as
MAP crops, we need to realize that there is not enough information for MAP grower farmers. The main reason is
that the pesticide registration for each crop (one-by-one) is very expensive. That is why the „small” crops (few,
few hundred ha) are unable to economize for the huge investment of the registration process. The Plant doctor or
Plant
protection
engineer
has
a
possibility
to
ask
for
an
occasional
licence.
http://www.complex.hu/jr/gen/hjegy_doc.cgi?docid=A0400089.FVM) The 89/2004 (V.15.) FVM decree and
modifications are regulating the registration of pesticides. In the past 60 years many MAP crop‟s production
technology has been elaborated, including the chemical plant protection of course.
Knowing the fact that the MAP‟s special agents are active biological substances, the risk of the interconnection
between the active agents of the plant and the pesticide is not negligible. The domestic medicinal plants are
ranked into three hazard categories on the basis of the connection risk of active agents and the way of their
usage. The first category consists of those medicinal plants which are used in „self-medication”. We use them
mainly as dry spices or tea at home (chamomile, rosehips, dill, anise), so the pesticide residue on the plant
surface can directly get in the human body. In this category we need to pay attention to the chemical plant
protection, but the most effective method is avoiding synthetic chemicals. The second category‟s (lavender, clary
sage) plants undergo an extraction before usage. Due to this process the pesticide residue connected to the
plant‟s dry matter separate from the special agent of the plant. Therefore the end product does not (or only in a
minimal amount) contain pesticide residue. The third category is the industrial use of plant (nightshade,

periwinkle, and foxglove) where the active agent recovery is a complex extraction process. In this way the residue
can be separated from the end product under the procedure.
WHO‟s recommendation issued in 2007 emphasize that the foods and MAP are derived from the same primary
commodity, therefore the quality assurance of the food industry and medicinal plant production are closely related
to each other. Nevertheless we should note that there are many differences between the two activities, that's why
further considerations concerning to medicinal plants are necessary. WHO defines the daily intake of residues
drive from medicinal plants in 1% of the total residue intake, including all the other food and drinking water.
Because we use the medicinal plants as a long-time treatment, we have to define the maximum residue level:
residue‟s maximum permissible concentration is given in mg/kg. Recommendation (GACP) for MAP production
issued by WHO suggests to minimize the pesticide use in the case of medicinal plants. We should make an effort
to use integrated approach in the crop production, as well as, apply the chemicals in minimal effective dose. We
have to apply the correct application methods and take into consideration the proper working and health
protection conditions.
7.4. Options for chemical plant protection
Fortunately the plant protection is not limited only to the chemical pest control. The agricultural technology,
mechanical plant protection, use of species and varieties ( utilization of tolerant, resistant and special
morphological features) can be an optional and support the efficacy of chemical pest control. It is important to
know that the pesticides registered in any EU countries are not accepted automatically in other EU countries.
Recently there are many pesticides registered for MAP based on many scientific results and financial support in
Germany. The list of these pesticides is published in the journal Zeischrift für Arznei-und Gewürzpflanzen
regularly (Figure 7.2).

Figure 7.2. Registered pesticides for MAP crops in Germany (Zeischrift für Arznei und Gewürzpflanzen, 2011/16)

7.5. The concept and use of „gentle plant protection”
Nowadays people think that gentle plant protection is synonym of organic farming. The main feature of largescale, conventional crop production is the usage of synthetic pesticides in large volume. Most of the cases
pesticides are used for symptomatic treatment not for prevention. In the case of organic farming the prevention
and protection with agricultural technology became the most important. The IMFAO ( International Federation of
Organic Agricultural Movements)(http://www.ifoam.org/ directives and regulations of the EU forbid the application
of any synthetic biocidal and herbicide products. The list of permitted pesticides in organic farming can be found
on
the
home
page
of
Biokontroll
Hungária
Nonprofit
Ltd.
(http://www.biokontroll.hu/cms/index.php?option=com_content&view=article&id=632%3Anoevenytermeszteshatalyos-2010-majus-15-tl&catid=222%Atajekoztatok&ltemid=104&lang=hu). Recently there are many research
done concerning the application of medicinal plants and their active agents in plant protection. Several results are
published in scientific journals about in vitro experiments. Unfortunately the results of in vitro experiments are not
proved in practice. Negligible percentage of commercial pesticides contains active agents isolated from MAP,
some of them contains essential oil. The products of ECOPCO company are exceptional because they contain
essential oils of different plants. Application of volatile oils in plant protection may have some drawbacks:
-

The appropriate application is difficult
The active agent is relatively expensive,
It can be phytotoxic in high concentration
The essential oil has a strong odour which can contaminate the product

In conclusion, we can say that the products based on essential oils can be applied in some cases, and the final
product should be able to ensure adequate income to compensate for the higher cost of the more expensive
natural pesticide. The extract of Azadirachta tree is also widely used in the biological pest control. It is widely
used in the tropical regions for its insecticidal and repellent effect. Its application started recently in Europe, too.
There are many further options in the alternative plant protection. We can use numerous natural material to
protect the crops. We can call them „crop care products”. Many inorganic materials are suitable for soil
improvement (diatomite). It is possible to use microbial products as fungal and bacterial manure. Furthermore we
can use seed treating agents made from herbal extracts. We can use the garlic, horsetail and horseradish extract
for protection against diseases of germinating seeds.
We can prepare „herbal-based” crop care product ourselves. The most simple crop care products are the teas,
decoctions, infusions, cold water extracts and fermented liquor made of plants. When preparing tea we put fresh
or dry plant material into hot water and allow to steep for 24 hours. In the case of decoctions the plant material
steep into cold water and boil for 30 minutes. If we make an infusion we have to scald the raw material and filtrate
it after a short-time soaking. We also have to soak the plant material in cold water but for longer time (10-14 days)
when preparing extracts and fermented liquors. After filtration the fermentation starts in the extract, whereupon
number of substances are releasing and transforming. The cold water extract of anise, pepper, yarrow and some
other plants were effective against some insects (Bemisia tabaci, Aphis spp.) but the effect was weaker
compared to the synthetic pesticide‟s effect.
One of the oldest example of alternative plant protection is the application of companion planting. This
method is unadoptable on large-scale, industrial conditions. It can be used on small-scale, in gardens. Because
different plants cannot be cultivated by the same mechanisation method. We can reach increased productivity
and reduce the number of pests appearing in the plantation by using companion planting. As an example the
aphids population on tomato can be reduced when tomato and marigold or thyme are cultivated jointly. It is
possible to sow dill between the tomato rows because it attracts the useful insects destroying aphids. The
Permaculture Research Institute of Australia issued a companion planting chart in which you can find plants
which
have
positive
effect
to
each
other.(
http://www.permaculture.org.au/resources_files/Poster_GDN_Com_Plant.pdf).

7.6. Plant protection of selected medicinal plants
7.6.1.The plant protection of poppy (Papaver somniferum L.)
Poppy (Figure 7.3.) is a typical medicinal plant cultivated on large-scale in Hungary. Its cultivation area is about
10.000 ha yearly. Because of the relatively large cultivation area acceptable number of pesticides is registered for
the crop. The most harmful disease of the poppy is the downy mildew (Peronospora arborescens). It usually
infects the crop by sowing infected seeds and by the crop residues of the previous crop. Therefore the primary
task is seed treatment (e.g.: coating of the seeds by special chemicals) and the removing of capsule pieces form
the seeds. As a result of infection two types of symptoms may appear. In the case of primer symptom (Figure
7.4.) the leaves get thick, deformed and turn yellow, on the lower surface of the leaves sporangia of the fungi
appears. In the case of severe infection flowers and capsules may deform the growth is inhibited or even the
plant dies. The secondary symptoms (Figure 7.5.) which can be serious under humid summer conditions, occur in
later phase of vegetation cycle. The fungi infects the developed plants and cause yellow and grey necrotic
patches on the leaves.

Figure 7.3. Flowering poppy (Papaver somniferum) (Photo: Radácsi)
The plant protection technology has to focus on prevention of disease. Only healthy seed treated with seed
coating chemicals are suggested to use for sowing. The smaller plant density helps to reduce the risk of infection
because rain and dew dries up quicker from the leaf surface. Registered fungicides against downy mildew in
Hungary are as follows: Acrobat MZ WG, Dithane M-45, Manco 80 WP, Manzate 75 DF, Miltox SE, Penncozeb
DG, Vondozeb DG, Indofil M-45.

Figure 7.4. Primer symptom of downy mildew on poppy (Photo: Radácsi)

Figure 7.5. Secunder symptom of downy mildew on poppy (Photo: Radácsi)
Other considerable diseases of poppy are Dendryphion penicillatum and Pleospora papaveraceae. Warm and
dry weather conditions - opposite to the optimal conditions, which were discussed in the case of mildew - can
accelerate the spore germination of fungi. In the case of low plant density the infection occurs first at the edge of
the crop stand. Later the pathogen distributes to the other part of the plantation. As it was mentioned previously
the use of healthy, chemically treated seed material for propagation is cardinal. The plant protection can be made
with the same fungicides which are registered for mildew.
The most dangerous insect, which harms the poppy culture, is the weevil (Ceutorhyncus macula-alba) (Figure
7.6.). This insect has one generation per year. The insect damages the plant in its young and adult development
stages as well. The imago chews the leaves and other plant parts than lays eggs into the capsules. Later when
the capsules appear the imago perforates the wall of the capsule, which causes latex effusion. The latex contains

alkaloids, which may contaminate the seeds. The wounds on the capsule wall will give an opportunity to poppy fly
(Dasyneura papaveris) to attack the plant laying her eggs into the capsule. The larvae of weevils leave the
capsule by chewing themselves out of the wall of the capsule, than fall to the ground, where they dig itself into the
soil with the purpose of overwintering. That is one of the reasons while the monoculture of poppy has to be
avoided. According to the practical experiences the chemical plant protection has to be started when more than 2
imago per square meter in the crop appear. The pesticide Chlorpyrifos-methyl (Daskor) is allowed to be used
against the insect. Because of the swarming period of the insect is long (even 6 weeks) the chemical treatment
has to be repeated 2 or 3 times. The infection is most common in the case of cultivation of spring poppy ecotype.
If the autumn ecotype is cultivated the flowering of the crop starts earlier and the possibility of the infection is
much more limited. It does mean than the chemical protection of the autumn-sown ecotype can be omitted in
some cases.

Figure 7.6. Damage of Ceutorhyncus macula-alba on raw poppy capsule (Photo: Radácsi)
The next dangerous insect of the poppy is the poppy fly (Dasyneura papaveris). The imago lays her eggs into
the capsule by using wound made by imago of weevil, earlier. The wounded capsule, in which the larva
masticates the ovules and the wall of the capsule, becomes mouldy and rotten. Main source of the infection is the
contaminated soil, so the crop rotation can decrease the risk of the infection. The same insecticide can be used
for plant protection which was mentioned before.
The black bean aphid and the green peach aphid (Aphis fabae, Myzus persicae) (Figure 7.7.) can attack the
developing plants, mostly in its early bud stage. They appear on leaves and buds. They excrete honeydew which
falls down onto the lower leaves where black mold (Stachybotrys spp.) can appear. It results secondary damage
because of the reduction of the photosynthetic area of the plant. The aphids can be entrapped with a yellow bowl
trap which is also good for forecast the swarming. Insecticide Pirimor 50 WG can be use to stop or prevent the
attack.

Figure 7.7. Damage of aphids on the leaf (left side) and bud (right side) of poppy (Photo: Radácsi)
The poppy does not have special weed but barn-yard grass, creeping thistle, couch grass and other
perennial weeds can cause serious problems. Weed control is thus a crucial component of cultivation technology.
If it is not performed correctly the crop may be spoiled. In herbicide technology, pre-emergent treatments have a
great importance, while post-emergent applications are often substituted by manual work. The weed suppression
ability of poppy is negligible until the 8-10 leaf stage. The waxy surface of the poppy facilitates the spraying of
herbicides (the drops of the herbicides are falling down from the waxy surface of the leaves). But it should be
mentioned that heavy rainfall can wash off this waxy layer, so the poppy becomes sensitive. Registered
herbicides in Hungary are as follows: Callisto, Laudis, Command 48EC, Fusilade Forte, Lentagran WP, Lentipur
500 SC, Reglone, Solaris, Stomp 330, Tolurex 50 SC. Trend 90.
7.6.2. Plant protection of mustard (Sinapis alba, Brassica × juncea)
The species of mustard (white mustard – Sinapis alba; Indian mustard – Brassica × juncea) are in a close
relationship with the rapeseed (Brassica napus), that is why they have many common pests and diseases. Like
the poppy they are also medicinal plants cultivated on a large-scale. The most dangerous parasitic fungi of the
species is downy mildew (Peronospora brassicae). Sporangiophores with sporangia appears on the lower
surface of the leaf, while the upper surface turns yellow and later dried spots on the leaves appear. Cold and
damp weather conditions accelerate the infection. The risk can be reduced by application of proper agricultural
techniques by using adequate nutrient supply or proper plant density. The white mold (Sclerotinia
sclerotiorum), leaf blight (Alternaria brassicae) and Pythium debarianum, which infects the root, can occur
occasionally. The infection can be prevented by using crop rotation. Against downy mildew biological pesticide
Constans WG can be applied. However, there are no official pesticides against the other two fungal diseases in
Hungary. The application of chemical coating of seed material before sowing may limit the risk of infection of all
fungus mentioned before.
The most harmful insect of mustard, which attracts the young plants, is flea beetle (Phyllotera spp.). The insect
peels the surface of the leaves, and at the time of its gradation period can destroy the whole crop. At summer
time the insect peels the stem of siliqua causing yield losses as a secondary damage.

The damage caused by the caterpillar of beet sawfly (Athalia rosae) was a serious problem in the seventies and
eighties, but nowadays it is less important. The imago lays their eggs on the surface of young plants where the
caterpillars are masticating the leaf between veins or gnaw off every leaf in serious cases. It may become more
dangerous if its appearance is not detected in time. The beet sawfly has 3 generations in a year.
The cabbage stem weevil (Ceutorhyncus quadridens) is damaging the stem of mustard and rape. The imago
gnaws small holes in the leaves, but this damage is not harmful. It makes much more problem if the larvae
masticate the stem. Later they chew hollows into the stems and the strength and solidity of the stems is lost. Hard
wind or heavy rains break the stem or topple it, which cause large difficulties at the time of harvest. The infection
can be forecasted by application of Moericks yellow trap method or by regular monitoring of the plantation. If 1 or
2 imagos are detected in the stem of one individual the chemical protection should be started.
The pollen beetle (Meligetes aeneus), which eats the pollen has one generation per year, only. The damage is
done by the imago. It smashes the stamen and the ovary of the flowers, which leads to the significant decrease of
the yield. The female insect lays her eggs into the bud and the hatching larva also feeds on pollen. However, the
damage caused by the larvae is less important comparing to the damages made by imagos. Serious damage can
be prevented by using appropriate agricultural technique, like by use of proper varieties. The pesticide treatment
has to be started if 2-3 insects are detected on one plant individual. Registered insecticides are as follows:
Dursban Delta CS, Fendona 10 EC, Gazelle 20 SP, Karate 2,5 WG, Mospilan 20 SP, Reldan 22 EC.
The white and Indian mustard has no specific weed. The plant stand has good weed suppression ability if they
get the right development stage. The cleavers (Figure 7.8.) may cause a problem in some growing sites climbing
up the plants causing significant yield losses. Registered herbicides in mustard plantations in Hungary are as
follows: Agil 100 EC, Brasan, Butisan 400 SC, Cliophar 300 SL,Galera, Paladin, Pantera 40 EC, Select 240 EC,
Sultan 50 SC.

Figure 7.8. Galium aparine (Source: Kops, J., Christiaan van Hall, H., 1828 )
7.6.3. Plant protection of caraway (Carum carvi L.)
The cultivation area of caraway has decreased considerably in Hungary, compared to the nineties (from
5000-6000 to 100 ha). There are two life forms of caraway, which are represented by different varieties: annual
and the biannual varieties. All steps of their cultivation are mechanized. The same machines and accessories are
applied for its cultivation which are used for production of such large crops as wheat and maize.
The most frequent disease of caraway – and other Apiaceae species – is the powdery mildew
(Erysiphe heraclei). The dry, hot weather can promote the infection. Farinaceous spots - caused by infection -

are the symptoms which appear on the leaves, stem and inflorescences. The main source of the infection is the
cleisthotecia, which can be found on crop residues, left on the field. There is no pesticide registered against this
disease in Hungary. However, some pesticides are authorized in Germany (Folicur, Cuprosin, Ortiva, Score).
Sulfur containing contact pesticides can be recommended against the pathogen, too.
In contrast with powdery mildew, the downy mildew (Plasmopara nivea) prefers the cool and wet
weather conditions. It can cause massive damage only in years which are ideal for the pathogen. It spends the
wintertime on plant residuals. During the vegetation period the soprangiospore released from grey sporangia on
the lower surface of the leaf (secoundary infection). It does not require chemical treatment if we use adequate
agricultu
Cumin rust (Puccinia cari-bistortae) is a rarely appearing disease, other hosts are Angelica
archangelica and A. sylvestris, so separation is advised in cultivation.
The most harmful insect is the caraway moth (Depressaria daucella.). The caterpillar masticates to the
umbel and the fruit and weaves a net around it. First appearance is in April. The larva needs 4-5 weeks for the
complete development. In this period we can protect against this insect with Bi 58 EC, Danadim Progress,
Dimetoát Jubileum, Gazelle 20 SP, Mospilan 20 SP. The listed pesticides provide protection also against aphids.
Other important pest is the caraway gall mite (Aceria carvi). It can appear on the leaves and floral stems due to
the damage of the stems, leaves young flowers can deform which cause yield decreasing. There is no registered
acaricide against caraway gall mite in Hungary. It is important to keep isolation distance from the new and old
caraway cultivation field, and to turn the plant residuals proper to the ground.
The most dangerous weed of caraway plantation is the poison hemlock (Conium maculatum) (Figure
7.9.). It belongs to the same family, so the chemical protection is rather difficult. Liuron containing herbicide
should be sprayed out pre- and postemergent way, until the plant reaches the 10 cm plant height. In the southern
part of Hungary milk thistle (Silybum marianum) can cause weed problem but with a herbicide Racer the
cultivation can be protected.

Figure 7.9.Conium maculatum (Photo: Bernáth)

7.6.4. Plant protection mint species (Menta spp.)
Peppermint (Menta × piperita) and spearmint (Menta spicata var. crispa) are the main mint species
cultivated in Hungary. There are some data about the cultivation of M. longifolia on a smaller-scale, also. All
these species are perennial and they are cultivated through some years (usually 3 years).
Mint rust (Puccinia menthae) is the most frequent pathogen of mint, resulting foliar disease. The fungi
overwinters in uredinia form creating telia on plant residuums overwintering part of the mint. Like in the case of
many rust species, the life cycle is complex, the typical symptom of its infection appears at spring showing vivid
orange colour caused by aecidiums on the lower surface of the leaf. The aeciospores (third spore stage) fell down
to the surface of the soil and result pink coloration. As a result of infection the leaves start to fall down resulting
large loss in the plant yield. The quality of remaining leaves, which are infected as well decrease. One of the
protection methods is that the old plant stand has to be ploughed into the soil. The plants will be able to re-sprout
again, but the infection stops. Effective chemical agents for chemical protection are as follows: mankoceb,
difenoconazol, azoxystrobin.
Septoria leaf spot (Septoria menthae) is another specific disease of mint species. However, its
appearance is not rather frequent. The chemical protection used against rust is effective in the case of this
fungus.
Evaluating the harming pests the two-spotted spider (Tetranychus urticae) can cause damage during
the hot and dry summers. The mites are eating the lower surface of the leaf, and as a result small, light and silver
spots appear on the leaf surface. In the case of intensive infection the pest spins a fine web on the leaves. The
leaves, which are damaged, fall down.
Conspicuous, but less serious damage is made by aphids especially by the mint aphid (Ovatus
mentharius) (Figure 7.10.). It can occur on the mint in all phases of vegetation period. The insects usually
consume the top part of the shoots. The attacked leaves start to deform. The insects excrete honeydew which fall
down onto the lower leaves where black mold appears. Aphids are important from other point of view because of
they are vectors of the mint mosaic virus which harms the mint species. Insecticides which can be applied in mint
cultivation are as follows: Callypso, Karate, Steward.

Figure 7.10. Damage of aphids on peppermint plants (Photo: Radácsi)
In the mint cultivation until the plant stand reaches the required plant density, which helps the suppression of
weed flora, weed control should be made. During this period usually monocotyledons weeds are dominating. The
herbicides can be applied in early springtime or immediately after the planting. It is important to note that there

are no registered herbicides for this crop in Hungary. In Germany Ethosat 500, Select 240 EC, Basagran, Basta,
Fusilade Max, Lentagran WP, Lontrel 100, Goltix Gold, Lentagran WP és Targa Super can be used.
7.6.5. Plant protection of the marjoram (Majorana hortensis L.)
Marjoram is a species, which needs a restricted activity on plant protection, only. The mint rust
(Puccinia menthae), which was discussed previously and the fungi early blight (Alternaria spp.) may infect the
crop. The sources of disease are the infected plant residuums in the soil. In the early stage of infection small
grey-brown spots appear on the leaves, which later fall down. Preventive plant protection method is the
destruction of the infected plant residuums in the soil. The following fungicides can be used for prevention against
both fungus: Dithane M-45, Indofil M-45, Manco 80 WP, Manzate 75 DF, Miltox SE, Penncozeb DG and
Vondozeb DG.
For protection against the weeds herbicide Pendigan 330 EC can be used in preemergent form. This
herbicide is rather effective against both mono- and dicotyledonous weeds.
7.7. New methods and the future possibilities of plant protection
The large scale industrial plant protection was started in early 20th century. „Bordeaux mixture” was one
of the first chemical, which was applied for protecting plants. Since 1915 number of inorganic and organic
chemicals used for plant protection have been spread out in the world. From 1940 the ratio of synthetic agents
increased enormously. Against pests the DDT, for weed control 2.4 D became the most popular chemical,
worldwide. Since that time the increase of the number of different synthetic pesticides is enormous and continues
even nowadays. More recently large number of bio-based pesticides are developed, but only one the Bacillus
thuringiensis preparation is applied on a large scale.
One of the new trends in the plant protection is the so called "Integrated Pest Management". It means a
long-term, stable, effective plant protection system, in which the user tries to reduce the side effects of the
application of pesticides. They want to minimise the contamination of the crop using the minimum effective
amount of pesticides taking into consideration the specialities of the cultivated plant and the applied cultivation
technology. In Hungary the decree 150/2004. (X.12.) FVM regulates "Integrated Pest Management" system.
However, sorry to say no such a system exists in the medicinal and aromatic plant sector.
The other possible action to limit the amount of pesticides is, if we would mix it into the irrigation water.
Not an up-to-date but a good method is to inject pesticides into the irrigation water. The operators are able to
change the amount of pesticide easily and fast if it becomes necessary (depending on field conditions or
cultivated species). By this method both the cost of chemical agent and fuel can be reduced. On the other hand it
reduces the trampling damage of machines turnabout on the field.
The drift of pesticides is another danger we have to calculate with. It can be limited by application of
electrostatic spray system (Figure 7.11.). The droplets generated by this system are charged electronically which
pull
them
to
the
ground
to
get
back
their
neutral
bound
(http://www.youtube.com/watch?v=zSq0En50Mro&feature=BFa&list=UUXT7PI7-3yOondRMS2t7veg).
Electrostatic attraction is generated between drop and the nearest ground clot. There are two ways to generate
charge: the corona and the contact charging. According to certain calculations, with application of the electrostatic
sprayer 20-25 % cost can be saved, and the surface-covering efficiency of pesticides is much better comparing
with the conventional method. This method is not applied yet in large scale agriculture, it is mostly used for
protection of vegetables and viticulture. Unfortunately, there is no information about its application in the case of
medicinal plant crops.

Figure 7.11. Block diagram of electrostatic spraying (1-pesticide, 2-air flow, 3-sprayer nozzle, 4-charger electrode,
5-charging zone, 6-charged particle)
The quality of spraying can be improved by air-curtain sprayers (Figure 7.13.). This method reduces the drifting
risk of the chemicals (pesticide, fungicide). The system is similar to the traditional irrigation. However, a hose is
attached to the nozzle where a high intensity air flows, and that assists the droplets to move to the right direction.
That movement usually has a vertically downward way. With this method the plant parts closer to the ground get
a better coverage. It can be also used for vaporizing the spraying fluid.

Figure 7.13. Air-curtain sprayer (Photo: Radácsi)

Control questions
1. What is the electrostatic spraying?
a. The irrigation equipments operating from electric system
b. Spraying out electronically charged droplets
c. Electrical grounded spraying equipments for protection against thunderbolts
2. What is the most frequent disease of mint species?
a. Puccinia menthae
b. Erysiphe umbelliferarum
c. Peronospora brassicae
3. How can the infusion be made?
a. The raw material should be poured with hot water then after short time soaking, filtrate it
b. The raw material should soak in cold water for several days (1-2 weeks)
c. The raw material should mix with cold water and boil till 220 °C
4. Which is the most dangerous weed in the caraway cultivation?
a. Wild mustard
b. Milk thistle
c. Poison hemlock
5. What is NOT a criterion for a biological pesticide?
a. Environmental friendly
b. Biodegradable active agent
c. The active agent should be synthesized from plant
d. Economical
Answers
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8. HARVESTING OF MEDICINAL PLANTS
Authors: Péter Radácsi-Zsuzsanna Pluhár
8.1 FEATURES OF THE MEDICINAL PLANTS SECTOR
In the medicinal plants sector, like in the other horticultural and agronomic sectors, the cultivation comes
to an end by harvesting. It must be done very carefully because it is dominant step of the one or more years of
cultivation process. The aim of the harvest is very similar to other cultures: to do the harvest with the least
possible loss, during the shortest time and to provide the best quality. One particular characteristic of medicinal
plants is that not all plant part contains biological active compounds or the plant parts accumulate them in the
same amount. For this reason, at the time of harvest we must attempt to collect plant parts of higher level of
active agents. We have to pay attention to the timing of the harvest because many times it does not coincide with
the full biological ripening phase. As an example woundwort species show after blooming character, for this
reason they have to be collected in bud-stage. In the case of majority of plants accumulating essential oil, the
maximum amount of essential oil accumulates between the bud-stage and full blooming. The climatic conditions
can decrease the short harvesting period (rainy weather). The available short period must be used as much
effectively as possible. Thus we have to use the labour work and the machines with the highest efficacy.
8.2 DETERMINATION OF TIME OF HARVEST AND ITS EFFECT ON DRUG QUALITY
In the case of medicinal and aromatic plants the optimal harvesting time can be determined considering
the following factors:
o the harvest is due when the target plant organ contains the active compounds in the highest possible
level (%),
o the harvested organ reached the maximum size and specific maturity
o it is possible to obtain an adequately high yield (t/ha), when the calculated active substance yield (kg/ha)
is at the maximum
Generally, a specific optimization procedure is needed at all the cultivated medicinal plants in every
growing year, if the grower aims to find the best harvesting period. However, there are similarities at those crops
where the harvested organ is the same or at plants species, which belong to the same family.
The optimal harvesting time is frequently differs from the complete biological maturity, thus the
technological ripe phase has to be determined instead. The latter can be characterized by a specific
developmental phase of the plant organ, which has already accumulated an appropriate high level of active
principles.
Considerations on all the above mentioned criteria, together with the quality standards are very
important during medicinal crop production. Specifications of the Pharmacopoeia (e.g. Ph.Hg. VIII., 2004) as well
as national and international standards (e.g. ISO) comprise descriptions and limits for drugs including criteria of
organoleptic and active compound properties. In order to fulfil the requirements involved in the quality standards,
the circumstances of harvesting have to be properly planned to obtain dried drugs or essential oils of appropriate
features. For example, concerning the standards of pharmacopoeia concerning Thymi herba min. 1.2 ml/100g
essential oil and min. 40% for phenolic monoterpenes (thymol and carvacrol) are specified in the dried and
crumbled aerial parts.
The grower has to take into account the active substance yield, which is the quantity of the active
compounds expected from the unit area. It can be calculated by multiplying the biomass harvested (t/ha) with the
level of active compounds (e.g. g/100 g or ml/100 g). For example, in the case of tarragon (Artemisia
dracunculus), 25-30 kg/ha essential oil can be produced from approx. 15-20 t/ha fresh biomass of shoots.
8.2.1

Biological bases of the harvesting time optimization

In order to properly determine harvesting time, the grower has to know several specific properties of the
medicinal plant cultivated. In addition to the characteristics of the variety, the species and the plant family, it is
essential to be aware of the botanical features of plant organ harvested and of the ultra structure of active
substance containing particles (secretory tissues, glands, ducts or cavities, etc.).
Moreover, the grower should determine the phase of technological maturity by detecting the appropriate
size, shape, colouration or dry mater content and other features. Other specific characteristics influencing the
success of the harvest should also be considered (e.g. tendency for fruit shedding, the height of wooden
branches, developmental phases of the fruits, etc.).
It is indispensable to know the phases of ontogenesis, the effects of plant age and the seasonal
changes. According to the life forms of medicinal plants, we can distinguish annuals with short season (e.g.
mustard) or with long season (e.g. pot marigold), biennials (e.g. clary sage) as well as perennials. In the case of
perennials it may occur that on the basis of the life form one cannot predict the exact duration of the culture:
sometimes the valuable parts can be harvested within a shorter life cycle. Such a shorter, annual culture is
sufficient for the development of valerian root; therefore the grower can collect it at the end of the first growing
year.
The duration of the culture at the arboreal perennials (e.g. thyme, sage or lavender) is not always
identical with the whole lifespan of the species. Furthermore, the geographical site and the training system are
also influencing factors for the maintenance of the plantation. The purpose of drug production (dried aerial parts
or essential oil extraction) and the annual frequency of harvest also have effect on the economic utilization of a
woody perennial field. The adequate level of nutrients and water supply may compensate the plantation for
repeated harvest, however, the ageing and decline by exhaustion of the plants or the woodenness are
unavoidable, either. A good example for the correlation between the growing purpose and the duration of the
culture is the utilization of garden thyme for essential oil production. In this case, thyme plantation is harvested
once a year for essential oil distillation, therefore the duation of the culture can be 8 years. However, if used for
the production of dried and crumbled drug by cutting twice a year, the plantation can be economically maintained
only for 4-5 years.
The above mentioned biological points of view, as influencing factors of harvest, are to be considered
before establishing the fields of medicinal and aromatic plants.
8.2.2

Environmental factors influencing the optimal harvesting time

According to the geographical location of growing site, the optimal time for harvest can be different,
affected by the regional macroclimatic and edaphic (soil, relief, exposure, etc.) factors. Furthermore, the grower
has to pay attention to the weather conditions (e.g. precipitation, temperature, duration of sunshine, etc.) during
harvesting period and the divergent effects of the growing year (e.g. weather anomalies, drought periods). All the
mentioned factors may have influence on the development of plants and the success of harvest. The level of
certain active compounds (e.g. poppy alkaloids) possibly decreases if cloudy and rainy days occur prior to
harvest.
The daily rhythm of the active compound accumulation has already been described in the case of
numerous medicinal plants, though, a more accurate timing of harvest is possible (e.g. the flowering shoots of
clary sage contains the highest level of essential oil at dawn, 3 to 6 h).
In another situation the grower chooses the early morning period for harvest in order to avoid seed
shedding (e.g. mustard species) as well as to increase the yields.
The growing conditions also have effect on the development, the ripening as well as on the yields.
Fertilizers and irrigation applied after the first harvest increase the regeneration and sprouting of the plants in the
case of the multicut herbs (e. g. mint, lemon balm, St. John‟s Wort) and promote the second harvest.
When using pesticides, the attention paid for timing and waiting periods prior to harvest is essential, as
the harvested plant parts must not contain harmful residues.
8.3 THE HARVEST OF MEDICINAL PLANTS
Harvesting of medicinal plants can be categorized by origin, in this case we differentiate between
cultivated and wild-growing (collected from natural habitats) medicinal plants, furthermore distribution can be
made by the level of mechanization as well. In this case we can talk about manual-harvesting, semi-mechanized-

harvesting and mechanized-harvesting.
8.3.1

Manual harvesting

The row material harvested by skilled worker can be of great quality, there are some cases when
because of the sensitivity of the plant material, the only feasible way is manual harvesting (for example the style
of saffron must be taken one by one from the flower). In other cases for the harvesting of the plant there is not
appropriate mechanization (for example: collecting of black pepper). It can be stated, that manual collecting is a
process demanding heavy manual-labour that is why this kind of collection is rarely profitable both in developed
and developing countries. As the different pickers collect in various ways, it goes without saying that employment
of high number of workers result in a heterogeneous quality of the medicinal plant collected. In Hungary manual
collection had been limited to wild-growing medicinal plants recently, primarily because of the increasing costs of
labour.
8.3.2

Semi-mechanized harvesting

In this case we do not mechanize the process of harvesting, but we want to make it more comfortable.
Several research and conception on semi-mechanized harvesting have been published yet, but only few of them
have been introduced into practice. Wild-growing chamomile is collected by hands or by means of the so
called”chamomile-comb” (8.1 Figure). It is a common practice that chamomile-comb is equipped with handgrip as
well, making the work more ergonomical. For the semi-mechanized harvesting of chamomile flowers we can also
use a little gathering-wagon applied in Argentina (8.2 Figure). The upper part of this machine reminds us to
chamomile-comb, but it rolls on cart-wheels, this way gatherer only has to move the utility-wagon at appropriate
speed among the population. The advantage of this method is that gathering can be carried out at equal level of
plant height (but this is its drawback as well, because the high level of relief-variancy makes the gathering
process more lumbering).

8.1 Figure ”Chamomile-comb” for gathering flowers of chamomile (Photo: Bernáth)

8.2 Figure Drawing of little gathering-wagon for gathering chamomile (a-comb, b-travel direction) (According to
Öztekin & Martinov, 2007)
Similarly this would be adaptable for other species giving flower drug as well. But we must take it into
consideration that the collection is not selective, in other words it collects buds and overblown flowers as well. If
we think of the collecting of styles of saffron, we can understand it easily that long-lasting bending and the
uncomfortable working posture really outwears the picker‟s physique. In this case it would be also possible to
promote collecting by applying a more ergonomical posture. The cart rolling near the ground surface, in which the
sitting collector can pursue picking, is not an unfeasible task. Similar application had been used for collecting
asparagus (8.3 Figure), where cutting is made by the collector but while sitting in the cart. Furthermore it is worth
mentioning the method of gathering of hautboy strawberry, where worker gather fruits in a reclining posture facing
the ground (8.4 Figure).

8.3 Figure „Picking-cart” made for gathering of asparagus (Source: http://www.britishasparagus.co.uk/blog/)

8.4 Figure ”Picking-cart” applied for gathering of hautboy strawberry (Source: http://www.haygrove.co.uk)
When collecting wild-growing plants, one of the problems waiting to be solved is that how the raw plant
material can be delivered to the collection-hub at the lowest energy-need. One possible example is that the
collected plant material, with the help of an exhaust-fan, ends up at a collection-container located on the picker‟s
back. Another conception can be bound to the collecting of coffee (http://www.efico.com/watch-how-itworks/semi-mechanical-harvesting), where beans are beaten down by a mechanical beater(-machine) to collect
them on a foil laid down under the coffee-shrub. The beater(-machine) is driven by an engine and it is fastened to
the collector‟s back. This way bigger production can be achieved than by applying manual collecting or handbeating.
8.3.3

Mechanized harvesting

As it was previously discussed the mechanical harvesting is usually applied in the case of cultivated
species. Mechanical harvest of plants can be realized only if the following conditions are fulfilled:
- ripening of the plants must be homogenous (one step harvest of the biennial caraway is not
effective because of the high rate of fallen seeds)
- harvested plant organs must be homogeneous on the shape, size, ripening and plant height
Mechanized harvesting is economical only if the area is big enough. Otherwise the harvesting of the small,
fragmented areas is not effective enough. The transportation of the equipments and the harvested raw material
from one growing site to the other is expensive.
8.3.3.1 Root and bulb harvesting
Harvesting of root and bulb has two major aims: digging (lifting the plant organ from the soil) and
separation of the plant material from the soil gains. If the aboveground parts are intact usually they are removed
before the digging procedure. You must be aware of the differences between the different roots and bulbs. Celery
has ball shaped root with thick but not strong side roots which are in the upper 10 cm part of the soil. The carrot
intrudes deeply into the soil and the shape is cylindrical. The rhizomes of the horseradish intrude also deeply into
the soil however they grow usually almost horizontally and there are many branches on it. The valerian has very
branching root system. Roots intrude only 20 cm deep into the soil. Taproots of the dandelion are 15-20 cm long.
Their shape is rather spindle shaped. It is easy to recognize that it is impossible to find one equipment which
could fulfil the requirement for all of the mentioned root types.
Main steps of the root harvesting
1. removing of the aboveground plant organs
2. digging in the depth of the roots (or deeper)

3. lifting of the roots
4. separation of the soil grains
For harvesting the roots of the medicinal plants the same equipments are usually used, which were
developed for vegetable or other crop harvesting. The modified potato and onion harvesters are mainly used but
the simplest tool is the mouldboard plough. Two different harvesting methods are used: potato harvesters and
ploughs are the so called diggers while the carrots are harvested usually in the pulling-lifting way. The schematic
diagrams (8.6 and 8.7 figure) show the differences between the two systems. The lifting system based on a
blade, which unstring the soil under the roots and two parallel rubber belts which grab the green tops of the carrot
plant and lift them out from the soil. The removal of the aboveground part is done only after the lifting. Harvesters
used in Europe are the EM-11, E-825 and ASA-LIFT. These machines are mainly used for carrot harvesting.
In the digger system the roots and the soil get on the sifter where the soil grains are separated from the
roots. In this system the leaves are removed before the digging.

8.6. Figure Schematic diagram of the lifting root harvesters (a-paralell rubber belts, b-leaves removing
blade, c-conveyor belt, d-ripper) (Radácsi)

8.7. figure Schematic method of the digger type carrot harvester (a-leaf remover, b-ripper/digger, cconveyor belt with sieve) (Radácsi)
8.3.3.2 Harvesting of leaves and stalks
The aim of the leaves harvesting is quite simple: with a horizontal cut the beneficial plant organs have to
be separated from the underground plant part. The height and the intensity of the cutting are always related to
the different plant species. You have to distinguish the harvesting method depending on the desired plant organ
to be harvested. If the plant material will be dried you have to treat the material gently. The gentle treatment is not
so much important if the material will be distillated or other extraction procedure is planned right away after the
harvest.
For the MAP harvest the equipments are usually used which were developed for other crops but the
MAP often requires special demands. In some cases the prostrate brunches must be also cut (e.g. sage) but the
conventional reciprocating mowers do not fulfil the requirements. The cut plant material must be treated gently
but it is also important to decrease the damages. Some of the equipment developed for field crops does not fit for
MAP harvesting because they are not gentle enough, the conventional reels are too fast and aggressive. They
can cause serious damage in the case of low growing plants (e.g. thyme) and young plants with weak root
system.
The area of the cultivated MAP is smaller than the other crops (cereals, vegetables) that is the reason
why only a fey machine were developed for the MAP cultures. One good example is the Fendt Agrobil S which
was developed in the 1970s. The Fendt Agrobils S does not have a reel. The self loading equipment is usually
used as a forage harvester. Usually it is used in mint or lemon balm plantations. The weakness of the equipment
is the precipitous elevator where the entanglement of the plant material is frequent. The Fendt Agrobil S does not
have its own unloading system hence the unloading procedure requires manual work and quite long time period.
The De Pietri self-loading wagon was also developed for forage harvesting (http://www.youtube.com/watch?v=4-

DOiY46pxo). The machine has a well developed band elevator system and surpassingly good quality blades. The
method of the unloading system is quite simple: the holder part can be raised to 4 meters. Unfortunately because
of its high price, this machine could not spread in Hungary. The above mentioned machines are self-propelled. In
the agricultural practice there are many trailed machines as well which require a prime mover or tractor. The
trailed equipment is usually connected to the tractor with “three point linkage”. One of the trailed machines is the
NB 2004 Evolution produced by the EUROPRIMA. The farmers have to consider whether the self-propelled or the
trailed machine is suitable.

8.9. figure Working speed and capacity of self-loading wagon and self-propelled forage harvesters
(according to NL 2003)
The self-propelled machines are usually more expensive than the trailed ones. The service cost is also
higher but the setting possibilities are wider and that is why it is easier to adapt it to the special properties of the
MAP. The self-propelled machines do not require additional tractors. They are able to transfer the cut plant
material to the final destination. The two system types were compared from several aspects. It was established
that the efficiency depends highly on the plantation density. The profitability depends on the area planned to be
harvested (8.9. figure).
The harvesting method of the plant material which will be distillated is different from the above
mentioned systems. The fennel is harvested in France when the seeds are waxy. The plant material is harvested
with 30-40 cm height stubble. During the harvest not only the cutting but also the grinding is realized. For this type
of procedure those forage harvesters are suitable where 4 separated cutting wheels are working.
8.3.3.3 Flower harvesting
It is the speciality of the MAP cultivation that the final product can be the flower as well. In the case of
other crops you can find only a few examples (cauliflower, artichoke). The flower type, shape, size and the plant
family of the cultivated MAP is diverse. For some of the species the mechanical harvesting system already exists
(chamomile) while the others are harvested manually (mullein). We have to stress that the flowers are more
sensitive than the other harvested plant organs so higher attention is recommended during the transportation and
storage. The prime aim of the flower harvesting is to separate the flower head from the stem. The secondary aim
is to reach the stage which is written in the pharmacopoeias. For flower harvesting the horizontal reciprocating
mowers are used however the usage of different combs are also frequent. Some prototypes are constructed
where two parallel rubber wheels are rotating against each other. The rotating drums are picking the flower head

(8.11 figure). The weakness of the method is that the rotating drums press the flowers and high pressure damage
might be caused.

8.11. figure Picking type flower harvester with two rotating drums (a-travel direction, b-drum rotation direction, crubbered drum)
Mechanized harvesting of chamomile and lavender
Henceforth the mechanized harvesting of two different plant species the chamomile and the lavender will
be discussed. The inflorescence types, the morphology of the two species are different. The flowers of the
chamomile are usually harvested with different combs. The principle of the picking combs is that the stem slides
between the fingers of the comb and while the comb holds the flower head the machine goes forward so the stem
is going to be broken away. In the case of the manual chamomile combs the same principle is used. Diverse
types of combs were developed for the chamomile harvesting during the last decades. Based on the direction of
the movement we can separate combs with linear movement, rotating combs and the picking system is also
known (8.12. figure).

8.12. figure Schematic figures of the different chamomile harvesters (Source: Brabandt and Ehlert, 2011) (A –
linear comb; B – Rotating picking combs with central discharge of flowers; C – Rotating picking combs with
outside discharge of flowers; D – Picking rotor with a rotating pin drum; - E – Picking rotor with a rotating brush
pair)

For harvesting the lavender flowers only a horizontal, linear cutting is used where the base of the
machine is a reciprocating mower. The main reason is that the flowering stem is long, can be separated easily
from the other organs of the plant. The main principle of the lavender harvesting is that all of the flowers must be
cut from the hemisphere shaped bush also from the low limb level branches too. To reach this aim before the
mower two lifting “torpedoes” are used which can lift the low level branches. After the lifting with a simple
horizontal cutting the flowers can be harvested (8.13. figure). In small scale areas the lavender flowers might be
harvested manually. The speed of work might be accelerated if we lay down a tilt between the rows and the
flowers are cut with a hedge trimmer. In bigger scale fields the above mentioned solution is not suitable so
mechanized harvesters for lavender flowers must be used (MKL2,3) (http://www.bizonins.com/productdetailseng.aspx?id=74).

8.13. figure Harvesting of lavender flowers with and without „torpedoes” (Radácsi)
8.3.3.4 Harvesting of fruits and seeds
The harvesting of the fruits is usually done manually. The weakness of the manual harvesting is that the
quality of the harvested material is heterogeneous and its effectiveness is low. One individual harvester can
approximately harvest maximum 5kg of fruits. Majority of the harvested fruits used as MAP came from wild
growing populations. To increase the ratio of the cultivated fruits some plantations were planted but the
mechanized harvesting of this population is still not solved. For the harvest of the rosehip plantation the SAMSON
(http://www.youtube.com/watch?v=2K4iLm05FNU) and JOANA 3 (8.17. figure) harvesters were developed.
These harvesters use precision beater bars. This beater method is theoretically usable for almost all of the fruits
but in the practice we have to recognize that the holding force of the different plant species can be quite diverse.
In some cases we had to give so much energy to break the pedicle that the damage on the plant would be
disproportionately high.
Two methods were developed for the fruit harvesting. On of them is the earlier mentioned beating bar
system the other is the shaking. Our aim is the same in both of the methods: we have to accelerate the fruits until
the pedicles will be broken. The mechanized fruit harvesting is soluble only if the plantation was created for

mechanized harvesters. The distance between the plants and rows must be fit for the machines. Efforts should be
made to use a cultivar where the binding force of the fruit is not too high and the ripening of the fruits is
homogenous.
The harvest of the buckthorn is easy in the northern part of Europe because the fruits are frozen and
due to shaking the separation of the fruits from the pedicles is easy. In Hungary the harvest of buckthorn is more
difficult. When the first frost arrives the fruits are over-ripened. In Hungary the branches of the buckthorn are cut
with the fruits. The branches are transported to refrigerator house and after the freezing the fruits are shaken off.
During this method the plants are injured and the transportation require extra cost so we can not call the method
up-to-date.

8.17. figure Fruit harvester with beating bars (Source:
http://aroniaharvest.com/berry_harvesting.html?module=product_info_page&id=4&cat_id=5)
Shaking machines are used for the olive tree (Olea europea L.) harvesting (8.18. figure). Similar
equipments were developed for the peach trees. The arm of the machine grabs the trunk of the trees and shakes
them with the frequency of 25-30 Hz. The amplitude is approximately 15 mm. As the effect of the shaking the
fruits fall on the tilt hung out under the tree. The average working speed of the machine is 2-300m/h or 2500
m2/hour.

8.18. figure Shaker type olive tree harvester (Source: http://www.fitstyler.com.au/blog/2011/06/27/traditional-olivepicking-more-energy-expenditure-than-modern-tree-shaking-techniques/)

For harvesting the seeds, grains the common cereals combines are usually used. The harvesting of the
poppy, as one important industrial crop, was done before manually. The Alkaloida Pharmaceutical Factory in
Tiszavasvári started the development of the poppy harvesting adapters. The machines produced did not work
properly. That was the reason why the industry started to use the modified cereal combines. Special attention is
required for the setting of the cereal combine. The header must be set that the poppy capsules with 10-15 cm
long stem are to be harvested. The harvesting can be started only if the capsules are in the full ripening stage.
The working speed and the drum speed always depend on the plant density and the relief of the area. It is also
important that the sieve system of the combine must be set according to the requirement of the poppy. The
capsules and the poppy seeds are collected together in the combine while the too long stem parts are removed.
Several modifications would be necessary on the common cereal combines to reach the ideal harvester for MAP
seeds and fruits.
Several factors can influence the success of the harvesting:
 Binding force of the grain
 Size and shape of the grain
 Uniformity of maturation
 Moisture content of the grain
 Height and the moisture content of the stem
 Grain location on the plant
 Harvesting time
Ignoring the above mentioned factors might cause serious losses. In the case of fennel the too high moisture
content of the straw and fruit caused more than 60% loss while in the case of milk thistle the blocking of the sieve
system caused the problem. Despite the mentioned problems the seed and fruit harvesting of the MAP is solved
compared to the other organs.
Harvesting of the pumpkin seeds
Harvesting of the pumpkin seeds belongs both to the category of fruit and seeds harvesting. However, because
the size, the shape and the cultivation technology it is worth to discuss it separately. The primary aim is to
separate the seeds from the pumpkin flesh. If we measure the ratio of the seeds we have to recognize that only a
few percentages of the whole fruit is the profitable part. Due to this fact transporting the “useless” flesh is too
expensive. That is the reason why the seeds are usually separated from the flesh on the field. Time of the
pumpkin harvest is fall when the pedicles and leaves are dried. The pumpkin fruits are organized in rows with a
tractor mounted scraper or manually. The fruits are harvested with a spiny drum which grabs and elevates the
pumpkins (http://www.youtube.com/watch?v=zsbEO-_7CEw). Inside of the harvester the pumpkins are destroyed
and due to a sieve system the flesh is separated from the seeds. The flesh falls down to the ground where it will
be ploughed in the soil as a green fertilizer. The flesh is also usable as an animal feeding material.
Control questions
1. What is the usual efficiency per hour of a manual harvesters?
a. 1 kg
b. 5 kg
c. 10.3 kg
2. What is the aim of semi mechanized harvesting?
a. solar energy is used for operating the machines
b. the machine makes the harvest more comfortable and effective
c. machines are used only for transporting the plant material

3. Which machine/method is used for rosehip harvesting?
a. harvester with beating bars
b. combine harvester for cereals
c. branches are cut and layed down for 1 week
4. When can you start the harvesting of poppy?
a. when the capsules are waxy
b. when the poppy latex is white
c. when the capsules latex content is the highest
d. when the capsules are dry
5. Which species has NOT flowers as drugs?
a. peppermint
b. lavender
c. marigold
d. chamomile
6. How the soil grains are separated from the roots in the case of „digger type” harvesters?
a. intensive spout int he barrels of the machine
b. chain type elevator is used as separator
c. wind or fan is used

9. PRIMARY AND SECONDARY PROCESSING, EXTRACTION, STORAGE AND TRADING OF
MEDICINAL PLANTS
Authors: Szilvia Sárosi – Zsuzsanna Pluhár
Generally, the first processing operations which are done immediately after harvesting are called primary
processing. It is usually carried out by the producer himself. The aim of primary processing is to produce a high
quality drug able to be used as basic material for the secondary processing; thus it is free from alien plant parts
and other contaminations, it contains acceptable amount of active compounds and it can be stored for longer
periods without quality loss. The most frequent methods of primary processing are drying and essential oil
extraction.
9.1

PRIMARY PROCESSING OF MEDICINAL PLANTS
9.1.1

Drying

9.1.1.1 Preparation of drying
One of the most important primary processing methods is the conservation of plant parts by drying.
However, before drying some additional procedures need to be carried out, such as stripping, cleaning, cutting,
fermentation and withering.
Stripping is necessary, if the used plant part is the leaf; therefore the presence of stem is not desired in
the drug (e.g. Melissa officinalis – Lemon balm, Urtica dioica – Great nettle).
Since the harvested plant part can be contaminated by alien plant parts, dust and sand, we need to pay
attention to its cleaning, which is usually done by washing (valerian, angelica), screening (chamomile) or peeling
(soap-root, ginseng) (Figure 9.1.).

Figure 9.1: Screening machine (photo: Varga, 2012)
Cutting can be carried out either before or after drying. In the case of roots it is advised to be done
before drying, thus the uniform size will assure a more efficient drying. The way of cutting is characterize the
different drug types, for example in the case of soap root (Saponariae albae radix) rounded slices are frequent,
while liquorice (Liquiritae radix) is cut into small cubes.
In certain cases fermentation is carried out just before drying (e.g. black tea production) mainly because
of its significant effect on the active compounds‟ composition.
As a pre-drying process withering can be used if the plant material contain milky sap, or the surface of
the leaves are too wet (e.g. fresh tea leaves).
9.1.1.2 Drying methods
One of the most important primary processing methods is drying; at the end of this procedure the
moisture content of the drug cannot be more than 10-14 %. Therefore after drying the water content is reduced to
a limit where the plant parts will be able to be stored for longer periods. Drying has been used for centuries to

preserve the quality parameters of medicinal plants and spices, and still nowadays this method can be regarded
as the simplest one among the preservation techniques. Therefore, more than 400 different types of drying
machines can be found in the market according to the literature data. Since drying is an energy consuming
process (for the evaporation of 1 kg water 10.000 KJ energy is necessary), new types of equipment have been
developed using natural sources of energy (sunlight), or alternative energy (heat, coming out from ice-rooms).
Drying can be done naturally or artificially. Natural drying is the simplest and cheapest way of the plant
material‟s preservation (Figure 9.2). We need only an airy space protected from sunlight, or in certain cases we
can dry the plant material directly under the sunlight at the growing area (e.g. fresh flowers of safflower).
However, the drying parameters cannot be controlled (temperature, air-humidity, air-movement); thus the weather
conditions influence the length and effectiveness of the drying process (it can take several weeks). The plant
material can recollect the moisture easily from the air; therefore deteriorating processes cause the loss of the
active compounds and disadvantageous changes in the external properties (colour, smell, taste). Solving this
problem new type of natural dryer has been developed in Germany called solar dryer, where the energy of
sunlight is used as an additional natural energy source.

Figure 9.2: Natural way of drying (photo: Varga, 2012)
On the contrary of natural drying, in the case of artificial drying most of the drying parameters are
controlled. The air temperature is the most important parameter having significant effect on the active
compounds. Based on the air temperature cold- (only the movement of the drying air is controlled), warm- (30-80
C), and hot-air drying (200-1000 C) can be differentiated. In the case of those plant parts rich in volatile
compounds the advised drying temperature is 30-50C, referring to the glycoside type active constituents drying
process is usually carried out at 50-60 C, while plants containing alkaloids are the less sensitive ones to the
drying temperature (60-70 C). Hot air drying is used only in the pharmaceutical industry. The homogenized plant
material spends only a few minutes in the hot air, therefore its surface will not be heated more than 60-70 C. The
method is rather fast, however it needs a lot of energy, and very careful plant preparation. The bigger plant parts
can be burnt; however, the small ones can remain wet.
Warm-air drying is the main preservation method for medicinal and aromatic plants. The two, most wellknown varieties of warm air driers are the plate chamber dryer (Figure 9.3) and conveyor dryer (Figure 9.4).

Figure 9.3: Plate chamber dryer (photo: Varga, 2012)

Figure 9.4: Binder-type conveyor dryer (photo: Varga, 2012)
Freeze-drying or lyophilisation (Figure 9.5) is also an artificial drying technique, and it is becoming more
widespread also in the case of medicinal and aromatic plants.

Figure 9.5 Freeze dryer (photo: Sárosi, 2012)
The price of a new freeze-dryer and its operation cost is high, and in several cases the process causes
significant loss of the active compounds, or disadvantageous changes in the composition. Therefore, even if the
lyophilised drugs are found to be the most preferable ones by the consumers based on their organoleptic
parameters, their quality usually do not meet the requirements of the official formulas (e.g. pharmacopoeias).
Thus, more scientific results would be necessary to optimize this method, and to precisely describe in which
cases it is advisable to be used.
Freezing is an alternative method that can be applied to the preservation of medicinal plants as well. The
vitamin C content of the fast-frozen plant materials is almost equal to the fresh fruits; however the freezing
process causes serious damage to the plant tissues and significant loss of other active compounds.
9.1.2

Effect of the different drying methods on the drug quality

In this chapter a summary is given referring to the main changes in the active compounds caused by the
different drying-preservation techniques. In the case of sugar-containing plant parts (oligo-and polysaccharides,
mucilage, etc.) the optimal temperature of drying is 50-60 C. However, not only the conventional drying methods
have been tested, the possible usage of freeze-drying was also evaluated in the case of foxglove species
(Digitalis lanata L., Digitalis purpurea L.) containing cardiac-glycosides (Figure 9.6).

Figure 9.6: Chemical structure of cardiac glycosides (according to Pellati et al., 2009)
Based on the type and number of sugar parts, the effect of the cardiac glycoside is different; therefore
the decomposition of the initial cardiac glycosides can significantly change the therapeutic effect of the final
material. If the drying process is fast (by using hot air drying), or carried out in aerobe circumstances the enzyme
activity is successfully blocked, and the Lanatosid-C content can be preserved in much higher amounts. On the
contrary, if the drying process is slow (cold air drying) in anaerobe conditions, the sugar parts are decomposed,
and after drying the plant material will be rich in digoxin. Thus, the final purpose determinates the way of the
primary processing. Freeze-drying can be taken in the second group, since it is a long (at least 72 hours)
process, carried out at very low temperature. However, against the expectations, in the final plant material not
digoxin, but its derivative – acetyl-digoxin – was found. Since acetyl-digoxin does not have the same effect as
digoxin, the usage of lyophilisation is not advised in the case of foxglove species.
In the following group phenoloids are discussed. A lot of active compounds can be classified as
phenolic compounds; among them the most important ones are flavonoids, tannins, phenol-glycosides,
phenolic acids. Flavonoids are widely distributed in the plant kingdom, especially as plant pigments. They can
be found as glycosides and as aglycones as well; therefore similar to the cardiac glycosides the type and number
of the sugar parts can influence significantly the therapeutic effect. For example the ratio of quercetin (aglycone)
(Figure 9.7) and its glycoside derivate rutin (quercetin-3-O-rutinoside) (Figure 9.8) can be affected by the different
preservation methods in the case of onion. Quercetin is known as perspective anti-cancer (real clinical data is
missing) and anti-viral agent, while rutin has a beneficial effect on the cardio-vascular system (it decreases
capillary permeability, also know as vitamin-P). During the primary processing of onion warm air drying resulted in
higher amount of quercetin, while freeze-drying was more advantageous referring to the rutin content.

Figure 9.7: Structure of quercetin (according to Wikipedia)

Figure 9.8: Structure of rutin (according to Wikipedia)
The bark of white willow contains salicin (phenol-glycoside) (Figure 9.9), known as the basic initial
compound of Aspirin. It has an anti-inflammatory effect, and has been used in the folk medicine for centuries. The
bark needs to be dried only when its moisture content is more than 12-14 %. Although the simplest way is natural
drying, other preservation methods (warm-air drying, freeze-drying, and freezing) have also been tested on the
quality parameters of the bark. Drying at 70 C caused significant loss in the salicin content, as well as freezing.
Freeze-drying can be regarded less damageable; however none of these artificial methods produced the same
results as natural drying.

Figure 9.9: Structure of salicin (according to Wikipedia)
As it has already been mentioned the individual colour, taste and smell of black and green tea is due to
the different primary processing. During black tea production before drying tea leaves are fermented (leaves are
rolled, crushed, the liquids react with the oxygen), while the enzymes are blocked by steaming in the case of
green tea production. Therefore the active compounds of these tea types are also different; green tea is rich in
catechins (Figure 9.10), while black tea contains tannins (Figure 9.11). Even if these active constituents are
similar, their effect is different; catechins, especially epigallocatehin gallate (EGCG) are one of the strongest and
most stable natural antioxidants. Tannins also have antioxidant effect; however, they are better known for their
beneficial cardiovascular properties. Of course not only the fermentation can cause changes, the way of
preservation can also influence significantly the quantity of these compounds. Too high temperature (above 60
C) and freezing have disadvantageous effect; however, natural and cold air drying, furthermore lyophilisation
causes less damage.

Figure 9.10: Structure of catechin (according to Wikipedia)

Figure 9.11: Structure of tannins (according to Wikipedia)
Rosmarinic acid (Figure 9.12), also known as a strong and stable natural antioxidant, is also sensitive to
the high temperature and freezing; while freeze-dried spices (rosemary, sage and thyme) preserve their initial
rosmarinic acid content in a high percentage.

Figure 9.12: Structure of rosmarinic acid (according to Wikipedia)
In the following group of active compounds fatty acids (Figure 9.13) will be discussed. Usually, they are
found in fruits and seeds as important nutrients feeding the sprouts. As in all drug types, the prescribed
maximum water content of the fruits and seeds are 14 %. If the plant material contains higher amounts of water, it
needs to be dried. Unsaturated fatty acids are sensitive to the air temperature and the length of the drying.
Therefore it is advisable to apply lower temperature (not more than 40 C); however natural drying needs to be
avoided, since it can take several weeks (too long period), and the decomposition of fatty acids is initiated.

Figure 9.13: Structure of a well-known unsaturated fatty acid – gamma-linolenic acid (according to Wikipedia)
Volatile fatty acids play an important role during the fermentation of cocoa beans. However, their
content needs to be reduced during the drying process, because their presence in the final product can be
detrimental to the cocoa quality. The easiest way of their elimination is to apply natural drying (sun drying)
(Figure 9.14). According to the literature data this method cannot be substitute by artificial drying methods (warmair drying), because the decomposition of the volatile fatty acids is not acceptable.

Figure 9.14: Sundried cocoa beans in Africa (http://www.flickr.com/photos/19998197@N00/3010666896/)
Several active compounds can be found among terpenoids, such as volatile oil components. As we
have already mentioned plant parts containing essential oil are more sensitive to the drying temperature,
therefore it is advised not to apply more than 40 C during the primary processing. Freezing and freeze-drying
can also cause significant damages to the essential oil glands, which are presented by Figure 9.15 in the case of
garden thyme.

Figure 9.15: Essential oil content of differently preserved garden thyme samples (according to Novák, 2011)
Not only the quantity parameters of essential oils are influenced by the primary processing methods, the
essential oil composition can also change. Referring to the above mentioned sample – garden thyme – the ratio
of the main compound (thymol), which is mainly responsible for the characteristic taste and smell of the drug, will
decrease, if the drying takes too long time (cold-air drying, natural drying). On the contrary, fast drying on higher
temperature, freezing and lyophilisation preserve more effectively the initial proportion of thymol in the distilled
essential oil, that is comparable even to the fresh samples (Figure 9.16). However, it needs to be emphasized
that huge differences can emerge among the plant species, even if they are members of the same plant family.

Figure 9.16: Ratio of thymol in the essential oil of differently preserved garden thyme samples (according to
Novák, 2011)
Carotinoids (e.g. beta-carotene, Figure 9.17) giving orange colour to carrot, pumpkin or marigold
(Calendula officinalis), and the red coloured licopin found in the tomato, are also terpenoids (they are
tetraterpenes). It is easy to be noticed, that during cooking, baking, their colour intensity is decreasing, especially
compared to the fresh plant materials. Because of the heat, significant decomposition of carotinoids can be
detected. Therefore, in the case of marigold it is advised to apply fast drying at 70-80 C, or sun drying.
Alternatively freeze-drying can be also applied, although the decomposition of carotenes is more significant and
in the final product mainly lutein is found.

Figure 9.17: Structure of β-carotene (according to Wikipedia)
Finally, let‟s see the N-containing active compounds, where several alkaloids are found. Capsaicin
(Figure 9.18), which gives pungent taste to chilly paprika, is a well-known proto-alkaloid constituent. It has several
therapeutic properties, it is used as a topical analgesic, it has tonic, antiseptic and carminative effect; it is useful
against rheumatism, arthritis, neuralgia, lumbago and spasm. Conventionally, Hungarian paprika is dried in the
harvesting territory, under the direct sunlight (Figure 9.20). According to the literature data it is useless to apply
artificial drying, because the primary processing cannot affect significantly the capsaicin level of the fruits (Figure
9.19); the cultivation techniques and the genetic background (different cultivars) are the main influencing factors.

Figure 9.18: Structure of capsaicin (according to Wikipedia)

Figure 9.19: Effect of the different drying methods on the capsaicin content of pepper (according to Yaldiz et al.,
2010

Figure 9.20: Natural drying of Hungarian paprika (http://www.panoramio.com/photo/19529119)
Among poppy alkaloids morphine (Figure 9.21) is the most well-known for its strong analgesic effect.
Although, generally alkaloids are less sensitive to the temperature during drying, the amount of morphine can
decrease by 10-11 % above 40 C. Also natural drying of the capsules is advised to be avoided, since it is a too
long process causing significant loss in the alkaloid content.

Figure 9.21: Structure of morphine (according Wikipedia)

Summarizing the results it is obvious that the too high drying temperature can significantly damage the active
compounds; also lyophilisation cannot be used in all cases, even if it is becoming more widespread in the case of
medicinal and aromatic plants. The possible usage of freeze-drying according to the literature data is
demonstrated in Table 9.1.
Table 9.1: Possible usage of lyophilisation in the case of medicinal and aromatic plants
Lyophilisation can be advised
Plant parts containing flavonoid glycosides
Plant parts containing phenol glycosides
Plant parts containing tannins
Plant parts containing rosmarinic acid
Plant parts containing colouring agents
9.2

Lyophilisation need to be avoided
Plant parts containing cardiac glycosides
Plant parts containing unsaturated fatty acids
Plant parts containing low amount of essential oil

SECONDARY PROCESSING OF MEDICINAL AND AROMATIC PLANTS

The final material of the primary processing (drug) is becoming an end-product during the secondary
processing where the main technical operations are the following: selection, slicing-cutting, crumbling, grinding,
making tea mixture, making tea filters, packaging. While primary processing is usually done by the producer, the
secondary processing is carried out in the trading companies. Thus, the dried raw materials are usually stored for
a short period before the secondary processing (Figure 9.22). Proper labelling needs to be taken on every batch
indicating the name, origin, weight, barcode of the plant material as well as the date of arrival (Figure 9.23).

Figure 9.22: Storage of dried plant materials before the secondary processing (photo: Varga, 2012)

Figure 9.23: Labelled packaging in the warehouse (photo: Varga, 2012)

The dried raw materials are re-selected on white coloured picking-belts (length: 5-7 m, width: 70-80 cm,
speed: 1-10 m/min., Figure 9.24) by hand, or by using riddler machine (Figure 9.25) to remove alien plant parts or
damaged drugs.

Figure 9.24: Selection of chamomile flowers by using picking-belt (photo: Varga, 2012)

Figure 9.25: Selected, homogeneous elder flowers (photo: Sárosi, 2012)
After the selection, cutting or slicing can be done according to the requirements. If the valuable plant
parts are flowers or leaves (e.g. chamomile, garden thyme) their removal is easily done by a crumbling machine
(Figure 9.26).
Powdered plant material is usually necessary for making capsules, tablets or spice mixtures. For this
purpose several types of grinding machines can be used (hammer-, cutting- and turbo-mills) (Figure 9.27).

Figure 9.26: Crumbling of chamomile flowers from the stem (photo: Bernáth, 2000)

Figure 9.27: Bauermeister type hammer-mill (www.bauermeisterusa.com)
The end-products need to be sterilized before packaging. For this purpose steaming machines can be
used (Figure 9.28).

Figure 9.28: Steaming machine used for the sterilization of plant materials, Herbária Ltd. (photo: Pluhár, 2011)
Making tea mixtures can be automatized as well. The plant materials are put in separated cartridges on
the top of the machine.
The final materials can be packed into bags, filters or capsules, it depends on the demands. Obviously
all technical operations are automatized (Figure 9.29 and Figure 9.30). The tea-filters, capsules are packed in
bigger packages (Figure 9.31) suitable for the transportation.

Figure 9.29: Tea filtering machine (fotó: Sárosi, 2012)

Figure 9.30: Capsule making machine (photo: Sárosi, 2012)

Figure 9.31: Packaging machine (photo: Sárosi, 2012)

9.3

EXTRACTION TECHNIQUES OF MEDICINAL AND AROMATIC PLANTS

Utilization of medicinal and aromatic plant extracts has become very widespread in food, perfumery and
pharmaceutical industries. Furthermore, these products are extensively applied as active agent of household
chemicals as well as used for phytotherapeutical and aromatherapeutical purposes.
It was proven that the herbal extracts have several advantages compared to the drugs and spices
preserved by drying. The most important comparative benefits are as follows:
o more concentrated odour, taste, aroma and active compound ratio,
o higher purity (free of microbial contamination, dust, etc.)
o easier dosage and administration,
o valuable compounds are included in a lower volume during storage
o better bioavailability after ingestion in the human body, with elongated effect (Figure 9.32.).

Figure 9.32. Standardized Ginkgo biloba leaf extract encapsulated (http://www.rumexextracts.com/en/index.html)
Resources of plant extracts are different plant parts, high in valuable compounds accumulated in special
structures. Grouping of stuctures producing active substances is important from industrial point of view and the
appearance of them can be:
o Superficial (glands, trichomes, etc.): Lamiaceae, Verbenaceae, Geraniaceae, Asteraceae, etc.
(Figure 9.33.)
o Internal (cavities, cells, tissues, oil or laticiferous ducts, etc.): other plant families (e.g.
Apiaceae, Rutaceae, Papaveraceae, etc.)

Figure 9.33. Lamiaceae type peltate glandular trichomes on the upper leaf surface of Thymus vulgaris L. (Photo:
Pluhár, 2006)
Several type of extracts can be obtained from the same plant raw material, from the simple tea
preparation (hydroextract) to the more sophisticated, well administered herbal medicines. In general, the more
concentrated extracts possess higher value, however, the process of manufacturing is more costly as well.
In some cases the extraction procedure is carried out in rural areas near by the growing site, as in the
case of water distillation of the freshly harvested herbs. However, specialized companies dealing only with
extraction has become more widespread, recently.
The latter ones use complete processing lines and are able to prepare different kinds of extracts
according to the industrial orders. In some extraction plants end-produts are also manufactured and the
procedure is completed by packing of pills or capsules (Figure 9.34). Introduction and application of quality

assurrance systems (ISO, GMP, etc.) is of primary importance at the extracting and product manufacturing
companies.

Figure 9.34. Main tasks of the companies specialized for extract manufacturing (Source: http://totalhealthnd.com)
9.3.1 Basic terms
In a broader sense, extraction is the process of obtaining extractable compounds from the plants by
chemical, physical or mechanical ways. In a narrower sense, this category is practically used for solvent
extraction only. The selection of solvent is of key importance: this is a liquid, a supercritical fluid or a liquified gas,
which is used for extraction of compounds. The final product of the extraction is the extract, which can be
obtained by solvent from natural materials after filtration and evaporation of the solvent. Its composition is highly
dependent on the method and conditions of extraction. Increasing concentration of the end product requires the
most sophisticated and specific processing technics. Highly concentrated/refined extracts represent high value
but require higher processing costs as well.
9.3.2 Industrial scale extraction methods
Theoretical bases of the industrial scale extraction procedures have been enlarged during centuries,
however, quite frequently, a developed version of the original process is still considered to be the most effective
method (e.g. in the case of cold pressing or distillation). Nevertheless, in the last decades many new methods
have been developed and become widespread in this field. Therefore, the separation of conventional and modern
extraction procedures cannot be regarded as strict or definitive, either.
Cold pressing, hydrodistillation, extraction with organic solvents and enfleurage can be assigned as
conventional industrial scale extraction methods. Among modern technologies, mobile and turbodistillation,
subcritical liquid extraction, supercritical fluid extraction, microwave extraction and sonication can be mentioned.
In this chapter, the most important and extensively used large scale extraction procedures will be presented.
9.3.2.1 Distillation
Distillation is a heat-dependent extraction and refining process, during which the liquids are evaporated
at their boiling points, and then the steam is transformed again into liquids in the condenser by cooling.
Afterwards, the liquids involved can be separated. This method is used by distillation plants specialized for
extraction of volatiles from different plant organs. As a result of the procedure, the essential oil compounds of
high boiling points (250-300 oC) can be extracted below 100 oC and at athmospheric pressure, by means of
steam.

Essential oil is an extraction product obtained from a natural raw material of plant origin either by steam
distillation, or by mechanical processes from the epicarp of Citrus fruits, or by dry distillation, after separation of
the aquaeous phase, if any, by physical processes (decantation, filtration, centrifugation). Raw material of steam
distillation can be fresh or dried plant parts being rich in essential oils (Figure 9.35.).
Types of hydrodistillation are water-, water and steam-, or steam disitillation (steam distillation is used in
90 %). A simple distillation unit involves a furnace (heat source), a distillation still, a steam pipe, a condenser and
the essential oil separator (Florentine flask) (Figure 9.36.).

Figure 9.35. Leaf surface of peppermint with peltate glandular trichomes (after Svoboda et al., 2000:
http://www.moleskinerie.com/2004/07/secretory_struc.html)
Fresh plant parts are prepared to distillation by chopping (flowering aerial parts), cutting into slices
(roots) or crunching (fruits and seeds). Usually, the chopping is made by the harvester (e.g.. dill, mint, clary sage),
while the roots (e.g. lovage) are cut and layered by straw within the distillation still. Fruits and seeds (e.g.
coriander, caraway) are roughly ground right before supplying into the still.
Steam distillation is the most common method of extracting essential oil on a commercial scale (8090%), where fresh plant material is loaded onto a perforated grid or in a basket of the empty still (volume: 3-5 m3)
to ensure uniform distribution of the steam. Steam is generated in a separate boiler or steam generator (140-170
oC) and is injected below the plant material (→100 oC). Pessurized dry steam flows in the direction of less
resistance, distributing uniformly in the still body. Time and energy efficiency are among the advantages of the
procedure. It provides control of the distillation rate and the pressure, consequently the quality is quite consistent
and repeatable. However, high capital expenditure (investment) is necessary for the installation of the equipment.
The cooling water consumption is considerable (2000 kg/h for 300 kg plant) and micropollution is observed by
outgoing cooling water of high temperature (70 oC) as well (Figure 9.36.).

Figure 9.36. Diagram of the steam distillation process and the parts of the equipment
(http://www.anandaapothecary.com/articles/make-essential-oils.html)
The most important ways of improvements concerning distillation are as follows:
o Mobile distillation unit, where the freshly harvested plant material is loaded into the mobile
still body with a steam inlet system, after wilting and chopping. The mobil still body is taken to
the distillery, where it is connected to the steam generator and the condenser. Reduced time
and labour result in increased capacity (Figure 9.37.).
o Turbodistillation is an improved version of the water and steam distillation allowing faster
extraction from hard-to-extract materials (bark, root, seeds). Plants are soaked in water and the
steam is circulated through this mixture (the same water is continuously recycled during the
process).
o Hydrodiffusion is a procedure where the steam at athmospheric pressure is passed into the
plant material from the top of the distillation still. Tube type condenser is placed under the plant
holding basket and steam can saturate the plants more evenly and in less time than with steam
distillation. The essential oil smells much more like the original plant.
o Continuous steam distillation: the chopped plant material is conveyed by a pneumatic system
or an endless screw into the distillation still body. Within the still it is brought into contact with
superheated steam and essential oil is extracted from the plant material (Figure 9.38.).

Figure 9.37. Structure of the mobile distillation equipment: distillation yard (a), container full of plants during
distillation (b), essential oil separator (c), empty container with steam pipes (d), traction of the mobile container (e)
(Photos: Pluhár, 2012)

Figure 9.38. Continuous steam distillation unit (Photo: Pluhár, 2006)
After distillation, the essential oil usually contains undesired contaminants: floating particles and water.
During post-distillation procedures, settling filtration and dehydration are necessary. In order to dehydrate the
essential oil, redistillation or refining is applied. After cleaning, the essential oil can be stored in closed stainless
steal or dark coloured glass vessels filled to repletion, to prevent deterioration by light and air.
9.3.2.2 Cold pressing

Cold pressing is a widely used ancient method of extracting the essential oils/vegetable oils by mechanic
pressing of the plant parts on ambient temperature. Nowadays improved industrial scale methods of this
conventional technic are used. Its application is advantageous in the case of easily available oils found in quite
high amount (e.g. in superficial glands) and at thermosensitive compounds, where the distillation would result in
thermodegradation or unwanted transformations at 100 oC. Frequently used at Citrus spp.: bergamot, lemon,
orange, grapefruit and mandarin (Figure 9.39.). Olive oil and other vegetable oils rich in unsaturated fatty acids
are also effectively obtained by cold pressing.
As a first step of the extraction of Citrus peels, the essential oil is obtained by scarification, while the
peels are rolled over a sharp projection that penetrates the peel. This process is followed by squeezing the juice
from the peel by mechanic pressing. Under a spray of water the essential oil is trapped in an emulsion, and then
the emulsion is collected in a tank. Solid particles are removed in the next step by filtration and finally the
essential oil is separated by centrifugation from waxes, pectin and cellulose.

Figure 9.39. Structure of orange peel (a) with lysigenic essential oil ducts (b)
9.3.2.3 Solvent extraction
Solvent extraction is the most widely used modern extraction method suitable for isolation of compounds
of different chemical structure (Figure 9.40.). Different kinds of solvents can be used during the procedure:
o organic solvents with low boiling point (propane, butane, hexane, methanol, ethanol, 2propanol, aceton, dichloro-methane, petrolether),
o cold, superheated or boiling water,
o waxes and fats
o liquified fluid solvents: carbon dioxide, etc.
Procedures can be divided into cold or heated (40 oC<) solvent extractions. Appropriate selection of
solvent highly influences the quality and yield of the extract. The ideal solvent has high selectivity, low viscosity,
high solvating power, low boiling temperature, stability and neutral character. Moreover, it is non-toxic and
accepted for foods, readily available in large quantities, recoverable, easily removable leaving no solvent residue,
non-flammable, inexpensive and environmentally friendly.
Types of solvent extraction are the extraction with organic solvents, with cold or melted fats (enfleurage),
with hot or warm fluids (maceration) and ultrasonically assisted solvent extraction. As raw material, fresh or dried
plant parts are used.
During the essential oil extraction with organic solvents, the production of ’concrete’ is the first step. After
the plant material has been prepared, it is loaded into a tank and mixed with an apolar solvent (e.g. hexane). As a
result of the process, extractables (essential oils, fats, waxes and pigments) become resolved, then the solvent is
evaporated at reduced pressure. The remaining product is called ‟concrete‟, having waxy character, such as the
jasmine concrete containing as much as 55% essential oil.
Generally, the next step of the procedure is the production of ’absolute’, when the concrete is
reextracted with polar solvent (alcohol), by mixing it with pure ethanol. As fatty acids and waxes are not alcohol
soluble materials, they can be removed during a stepwise refinement, which result in a highly concentrated,
viscous liquid. The final product („absolute”) is rich in essential oil (10-55 %) but also contains 5 % ethanol, small
amount of waxes, traces of apolar solvent (hexane), etc.. In the case of rose, jasmine and orange blossom,

absolute is always in demand and applied by perfumery and cosmetic industries. 100 kg fresh rose petal is
necessary to 1 kg rose absolute, while 8 million pieces of jasmine flower are used to obtain 1 kg jasmine absolute
(Figure 9.41.).

Figure 9.40. Equipment applied for solvent extraction of medicinal and aromatic plants (Source:
http://image.made-in-china.com)

Figure 9.41. Jasmine absolute (http://www.florame.co.uk)
9.3.2.4 Enfleurage (pomade preparation)
Enfleurage is an extraction method which uses vegetable and animal cold fats to extract fragrance from
blossoms. The procedure needs high labour intensity, however, perfumery industry requires valuable, special
flowers containing delicate fragrances, which are available only in very small amounts (e.g. jasmine, tuberose,
violet, rose). This is the reasonable method of extraction of these flowers as if they were subjected to distillation
or solvent extraction, valuable compounds would be destroyed.
Freshly collected flowers are placed onto trays containing a fat or lard layer (Figure 9.42.), then trays are
stacked on top of each other to keep out the air and stored in wooden frames. The fat layer remains for 1-60
days, while the flowers are changed by freshly picked ones, in different intervals specific for the plant species
(e.g. jasmine: in 12-30 hours; tuberose: in 24-100 hours). The process is repeated 24-36 times until the fat is fully
saturated with the essential oil. Saturated base material is then scraped from the trays and the resulted product is
called „pomade‟. Pomade is carefully melted at low temperature then filtrated, extracted with alcohol to remove
unwanted materials (e.g. waxes, pigments, fat). Finally, alcohol is evaporated by distillation at low temperature
and pressure and the remaining product is the ‟absolute‟.
One ton of fresh jasmine flower is necessary to obtain 1 liter absolute by enfleurage.

Figure 9.42.: Enfleurage (pomade procedure) (Source: http://parfum4.e-monsite.com)
9.3.2.5 Maceration
During the maceration process, warm or hot liquids (water, oils or melted fats) are used to extract plant
compounds by soaking then agitating the plant and solvent together. This is a time-consuming procedure, while
temperature of the solvent has to be kept warm. After the extraction has been completed, the system is cooled
down; the plant parts are separated from the extract by filtration and centrifugation.
This is the traditional way of preparation of ‟St. John‟s Wort oil‟ by using vegetable oils. The fresh flowers
are absorbed in the oil and the valuable compounds are open-air extracted in summer by using solar energy
(Figure 9.43. ). Red colouration appeared after several weeks because hypericin and hyperforin derivatives
absorbed in the oil together with the phenolic compounds.
Nowadays more developed solvent extraction methods are used instead of maceration.

Figure 9.43. Traditional way of the extraction of ‟St. John‟s Wort oil‟ by using vegetable oils for maceration
(Source:http://www.wisemountainbotanicals.com)
9.3.2.6 Ultrasonically assisted extraction (sonication)
Sonication has been developed in order to increase the efficacy and speed of solvent extraction, while
the plant is placed into the solvent and treated by ultrasound of 20-500 kHz frequency as well.
The milling degree of the plant material determines the extraction level: intensifies the mass transfer and
improves the the penetration of the solvent into the cell and reduces the time of diffusion process. In some cases

the extraction time could be decreased 30-fold if compared to the conventional solvent extraction. Typical
solvents applied during sonication are petrolether, water and the water-alcohol mixture.
Essential oil glands can easily be destroyed by sonication and allow to rinsing of the cell content,
especially if the plant has been pulverized prior to extraction. In the case of saffron, the pigments of stigma can
be extracted more efficiently by ultrasonic extraction than it is specified by the standard (an extraction by cold
water) (Figure 9.44.). In the latter case, the pulsing ultrasonic treatment with short intervals was more effective
than continuous sonication.

Figure 9.44. Extraction of saffron pigments by sonication (Source: http://www.bulkinside.com/news/ultrasonicassisted-saffron-extraction)
9.3.2.7 Supercritical fluid extraction (SFE)
Supercritical fluid extraction (SFE) is an industrial scale extraction procedure applied worldwide for
obtaining bioactive plant compounds, principally for pharmaceutical and food industrial purposes.
In the course of supercritical fluid extraction, the plant material is extracted by using a solvent of fluid
state (e.g. by fluid carbon dioxide). Supercritical phase is a special physical condition of gases or liquids, when
both their pressure (p) and temperature (T) exceed the specific critical points. The fluid state is a transitional
phase between gas and liquid, where the extracting power of the solvent increases extraordinarily, which improve
the efficacy of the extraction.
Supercritical fluid extraction is an environmentally gentle process, which results in solvent-free endproducts having significant advantage in food and pharmaceutical industries, either. Efficacy of SFE depends on
the adequate selection of extraction pressure, temperature, duration as well as the quality of solvent/co-solvent
used. The procedure is generally quick and inexpensive, though the installation of the pressure proof equipment
is rather costly, requiring high capital expenditure.
The most frequently used solvent of SFE is fluid CO2, which has many advantages. It is not harmful to
human health, thus, appropriate for creating medicines, foods and consumer goods (e.g. tea, coffee). In fluid
state its density is high, solving properly a great number of substances (mainly apolar ones). Easily available in
high purity and high quantity but non-reactive, thus, it does not affect the other elements of food. Having low
critical temperature (31°C) and low critical pressure (73 atm/bar), one can work with it at low temperature, while
the substance does not suffer a loss. After the extraction, CO2 quit the extract without any residue and is capable
for recycling.
SFE-CO2 can be applied for extracting plant substances of small, volatile molecules of apolar character
(e.g. essential oils, fatty oils, steroids, volatile alkaloids, etc.), but suitable for many other compounds by adding
modifiers (entrainers, co-solvents) (Figure 9.45.). In industrial scale, SFE is used to extract active compounds,
flavours, oleoresins of various spices, plant pigments (paprika, alkanet, etc.), for decaffeination of coffee and tea
as well as to preapare extract of hops, which is indispensable for brewery.
It was proven in a number of cases that extracts rich in essential oil can be obtained by SFE in a
considerably shorter time than by hydrodistillation. The odour and taste of these extracts are reminiscent of those
of the intact plant, as the thermosensitive volatile compounds are not destroyed during the process. The
compound spectra of the essential oil rich SFE extracts are usually much wider than those of the respective
distillates (Table 9.2.), however, further non-volatile compounds may also appear in them. It was also verified that

SFE can be an appropriate method to obtain medicinal plant extracts enriched in bioactive compounds (e.g. in the
case of Hypericum, hyperforin rich extract can be obtained, used for manufacturing antidepressants).

Figure 9.45. Industrial scale equipment applied for supercritical fluid extraction of medicinal and aromatic plants
(Source: http://www.natex.at/indusextractionplants.html)
Table 9.2. Quantitative and qualitative features belonging to optimized SFE parameters of savory (Satureja spp.)
and thyme (Thymus spp.) drugs (after Kutta et al. 2005, 2007)
(Legends: HD: hydrodstilled essential oil; SFE-CO2: supercritical fluid extract obtained by using carbon dioxide)
Features

Saturejae herba

Saturejae montanae
herba

Thymi pannonici Thymi vulgaris herba
herba

Method of extraction

SFE-CO2

HD

SFE-CO2

HD

SFE-CO2

HD

SFE-CO2

HD

Extract yield, %

0.15-0.78

<1.14

0.43-1.51

<1.56

0.15-0.68

<1.14

0.21-1.42

<1.70

Max. extract yield, %

0.78

1.51

Parameters
27 MPa
60 min
optimized for max.
o
o
30 min/40 C
10 MPa/40 C
yield
Number of volatile
20
>4
27
>3
compounds
Proportion of
carvacrol/thymol
81.94
>54.84
66.91
<78.88
(max. %)
Parameters for
26 MPa
14 MPa
max.carvacrol/thymol
o
o
30 min/40 C
30 min/40 C
ratio

9.4.

0,68

1.42

16 MPa

22 MPa
o

o

30 min/40 C

30 min/40 C

25

>8

25

>12

60.47

<64.27

67.49

<69.91

19 MPa

60 min
o

30 min/40 C

o

10 MPa/40 C

STORAGE OF MEDICINAL PLANT PRODUCTS AND THEIR TRADING POSSIBILITIES

End-products are stored for shorter or longer periods before sale, or delivery (Figure 9.46). In the
warehouses the following parameters are strictly controlled: temperature (cannot be more than 25 C), airhumidity (maximum 60 %); the place need to be kept clean and be protected against pests.

Figure 9.46: Storage of herbal products in a modern warehouse (photo: Sárosi, 2012)
Obviously herbal products cannot be stored indefinitely; the shelf-life is basically determined by the
active constituents of the drug as well as the storage conditions. Generally the herbal products need to be
consumed within one year, however, the possible elongation of this time period is necessary to be evaluated
focusing on the different drug types. For this purpose stableness analysis is usually carried out in every 3 month
of the storage during 2-3 years. During this analytic work quality parameters described by the pharmacopoeias or
other standards and specifications are analysed in each case. Similarly to chapter 9.1.2., the results are grouped
according to the main active constituents.
Drugs containing gylcosides are extremely sensitive to the air-humidity, thus this parameter needs to be
maintained as low as possible during the storage. Among phenoloids tannins can oxidize easily; they are
transforming into phlobaphenes; which constituents do not have any biological or pharmaceutical effects. With
relevance to flavonoids during the storage their amount continuously decreases in the case of chamomile
flowers (Table 9.3); after 9 months significant quality loss occurs. The same tendency can be seen referring to the
hydroxycinnamic acid derivatives, detected in the leaves of lemon balm (Figure 9.47).

Table 9.3: Changes of the apigenin-7-O-glucoside content in chamomile flowers during one year of storage
Months of storage
0
6
9
12
p value

Chamomile flowers
Chamomile filter tea
Apigenin-7-O-glucoside content Apigenin-7-O-glucoside content
Mean  standard deviation
Mean  standard deviation
0.18  0.02
0.32  0.01
0.13  0.02
0.33  0.01
0.27  0.02
0.32  0.01
0.07  0.02
0.28  0.02
0.0000
0.0000

Figure 9.47: Changes of the hydroxycinnamic acid derivatives in the leaves of lemon balm during one year of
storage
Fatty acids can also oxidize easily, therefore natural or synthetic antioxidants are usually added to the
oils (e.g. borago or pumpkin seed oils); the final products are taken into dark coloured bottles and stored at low
temperature. Nitrogen containing alkaloids are the less sensitive active compounds to the conditions of
storage, therefore drugs containing alkaloids as main compounds, are able to be stored for longer periods without
significant quality loss.
On the contrary to alkaloids, referring to the terpenoids, essential oil compounds are rather sensitive
to the way and length of storage. Since essential oils are completely evaporating at room temperature, the
European Pharmacopoeia (Ph.Eur., VII.) gives special requirements with relevance to their storage: essential
oils need to be stored in a container made of glass or stainless steal, protected from sunlight, oxygen and heat,
maintaining not more than 25 C (in certain cases 20 C) in the warehouse.
Plants can contain essential oil in essential oil glands (external) and in essential oil cavities (internal).
Depending on the way of accumulation the sensitiveness of the different plant parts can be variable. Essential oil
glands can be damaged easily; therefore these drug types are much more sensitive not only to the way of the
primary and secondary processing, but also to the general conditions of storage. Improper processing can results
in significant essential oil lost. In the inner essential oil cavities the active compounds are more protected, thus
seeds, fruits and roots are less sensitive, and are usually able for longer storage (Figure 9.48).

Figure 9.48: Changes of the essential oil content in different drug types during 1 year of storage

However, not only the amount of the essential oil is affected by the length and way of storage; its
composition can also change significantly. During the storage the ratio of low molecular weight monoterpenes
decreases, while the proportion of sesquiterpenes, having bigger size and molecular weight, increases (Figure
9.49). Therefore, after a certain time, the essential oils become viscous, their colouration will be darker, and
finally their typical smell disappears. In certain cases these disadvantageous changes define the shelf life of a
product, and not the possible essential oil loss. In Figure 9.50 the changes of the essential oil composition can be
seen during the storage of bitter fennel. Its bitter taste is due to the presence of fenchone in the essential oil,
therefore the ratio of this active compound determinates the quality of the drug. According to the European
Pharmacopoeia (Ph. Eur. VII), the ratio of fenchon cannot be less than 15 % in the essential oil; looking at the
figure we can see, that after the 9th month, the drug did not meet this requirement.

Figure 9.49: Chromatograms of lemon balm‟s essential oil at the beginning and at the end of storage (after 1
year)

Figure 9.50: Changes of the essential oil composition of bitter fennel during 1 year of storage

After the secondary processing the end-product can be delivered. The regulations referring to the
marketing of herbal products have been significantly changed recently (Figure 9.51) in the European Union
(Directive 2001/83/EC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32001L0083:EN:HTML).

Figure 9.51: Sinupret forte – a well-known herbal medicinal product of Bionorica
New categories were formed, such as herbal medicinal products. In this case the products must be
manufactured according to Good Manufacturing Practice (GMP) to ensure good quality and safety. “Herbal
medicinal products are defined as any medicinal products, exclusively containing as active ingredients one or
more herbal substances or one or more herbal preparations, or one or more such herbal substances in
combination with one or more such herbal preparations (http://ec.europa.eu/health/human-use/herbalmedicines/index_en.htm). A good example for this category is Sinupret (made and distributed by Bionorica
Gmbh.) (Figure 9.51). Within this group the EU legislation classifies as traditional herbal medicinal products
those herbal medicinal products that have been used “at least 30 years, including at least 15 years within the EU,
are intended to be used without the supervision of a medical practitioner and are not administrated by injection”
(http://ec.europa.eu/dgs/health_consumer/docs/traditional_herbal_medicinal_products_en.pdf) (Figure 9.52).
“Simplified registration procedure is intended for herbal medicinal products with a long tradition, which do not fulfill
the requirements for a marketing authorization, in particular those requirements whereby an applicant can
demonstrate by detailed references to published scientific literature that the constituent or the constituents of the
medicinal products has or have a well-established medicinal use with recognized efficacy and level of safety (socalled "well established use")” (http://ec.europa.eu/health/human-use/herbal-medicines/index_en.htm). In both
cases National Drug Institutions are responsible for the authorization.
Since the establishment of GMP is rather expensive, and the registration of herbal medicinal products is a long
and difficult process, herbal products containing medicinal plants or natural originated active compounds will be
mainly registered as foods – as dietary supplements. Food supplements contain nutrients or other substances
concentrated, and the purpose of their usage is to supplement the normal diet. They are marketed as tablets,
pills, capsules, liquids in measured doses etc. Details about their marketing and registration can be seen on the
following web-site: http://ec.europa.eu/food/food/labellingnutrition/supplements/index_en.htm. Since dietary
supplements are not medicines, they cannot be labelled with drug claims, only with health or nutrition claims. The
products need to be registered by the National Food Institutions, only their safety (dosage and purity) is
necessary to be demonstrated. Because of the easy registration up to nowadays more than 8000 dietary
supplements have already been registered in Hungary. Most of them are purchasable in drugstores, or can be
ordered on different web-sites. Their continuous consumption is rarely reasonable, especially, if one of the
constituents is a medicinal plant or natural originated active compound.

Figure 9.52: A well-know traditional herbal medicinal product marketed in the European Union
(http://www.schwabepharma.co.uk/pages/products/kaloba-tablets.php)
Creams containing natural originated substances can be registered as cosmetics (at the National Food
Institutions) or as therapeutic supplements.
The EU carries on a uniform policy, namely, if a member country registers a product, the other countries
must accept it without additional conditions.
Control questions
1. Drying of the fresh material is usually done by who?
A, Pharmaceutical company
B, The producer itself
C, Distributor
2. Which operation cannot be classified as primary processing?
A, Drying
B, Cleaning
C, Hydro-distillation
D, Grinding
3. Among the described preservation techniques which is usually used in the pharmaceutical
industry?
A, Hot air drying
B, Freezing
C, Freeze-drying
D, Warm air drying
agents?

4. Which type of preservation is advisable in the case of a plant material containing colouring
A, Sun drying
B, Freeze-drying
C, Freezing
D, Warm air drying
5. What kind of active compound needs to be removed from the cocoa beans during the primary
processing?
A, Essential oil
B, Volatile fatty acids
C, Alkaloids
D, Flavonoids

6. What are the advantages of plant extracts in comparison to the dried drugs?
A, The process is cheaper
B, Extracts contain less compounds
C, Their composition is more „natural‟
D, Extracts contain active compounds in a concentrated form
7. Which extraction method will never result in an extract rich in essential oils?
A, Cold pressing
B, Hydrodistillation
C, Water extraction
D, Supercritical fluid extraction
8. When would you suggest the application of mobile distillation unit?
A, If there is a large growing area for production of aromatic plants
B, In the case of tuberose extraction
C, If the essential oil level of the plant is low
D, Only in the case of Citrus species
9. When would you recommend the utilization of supercritical fluid extraction?
A, If hydrodistillation is impossible
B, For gentle extraction of thermosensitive compounds
C, If other extraction methoda are unavailable
D, if the solvent extraction is inefficient
10. During the storage of essential oils the temperature needs to be maintained at least...
A, 28 C
B, 30 C
C, 25 C
D, 26 C
10. Dietary supplements need to be registered at…
A, Natural Drug Institution
B, Ministry of Agriculture
C, Natural Food Institution
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10. QUALITY ASSURANCE IN THE MEDICINAL PLANT PRODUCTION SYSTEMS
Author: Zsuzsanna Pluhár
10.1 INTRODUCTION
Global and national markets for medicinal herbs have been growing rapidly in the last decades, and
significant economic gains are being realized. The safety and the quality of the herbal medicines have become
increasingly important for health authorities and the public as well. Some reported adverse events following the
use of certain herbal medicines have been associated with the insufficient quality control of the raw materials.
The quality and safety of raw medicinal plant materials and finished products depend on factors that may
be classified as intrinsic (genetic) or extrinsic (environment, collection methods, cultivation, harvest, post harvest
processing, transport and storage practices). Contamination by microbial or chemical agents during stages of
production can also lead to deterioration of safety and quality. Medicinal plants collected from the wild population
may induce regional or local over-harvesting and protection of endangered species. The impact of cultivation or
collection on the environment and ecological processes and the welfare of the local communities should also be
considered.
In order to overcome the problems mentioned, quality assurance measures are needed to ensure a
steady, affordable and sustainable supply of medicinal plant materials of good quality. Good agricultural practices
have been recognized as an important tool for quality assurance of food commodities, however, herbal medicines
are considered as more demanding than food production.
As a result of international (WHO: World Health Organization) and European (ESCOP: European
Cooperative on Phytotherapy) (http://escop.com/) efforts made on developing guidelines, focusing on the
production and processing of medicinal and aromatic plants, a collection of directives have been established,
which provides guidance on obtaining medicinal plant materials of good quality by the methods of sustainable
production systems.
10.2 BASIC TERMS
In general, quality is the combined characteristics of a product, making it suitable to meet the expected
requirements. The definition of quality is associated with natural, economic and social concerns and can be
approached by the different stages of production (raw material, finished product, etc.) or service involved.
Different quality requirements are formulated depending on the type of utilization of the final product or the
expectation of the consumers. The demands may change in the course of time, as a consequence of discovering
new bioactive compounds or further type of application, therefore quality standards are to be improved
progressively. This may have influence on several stages of the production line, too.
During quality control, certain characteristics of the product are compared to specific standards.
Pharmacopoeial specifications have primary importance in the case of drugs and certain preparations of
medicinal plants. In the course of drug quality control, drugs are subjected to a detailed examination according to
the values specified in the respective standards of the official community (Ph. Eur.) or national Pharmacopoeias
(Pharmacopoeia Hungarica 8th Ed., 2004: http://www.ogyi.hu/kiadvanyaink/). Concerning Thymi herba,
requirements of the Ph. Hg. 8 are available at http://www.ogyi.hu/dynamic/Thymi_herba.pdf.
In order to assure the quality, a continuous attention is paid to measures influencing product quality
during production processes, taking into consideration its conformity with standards. Quality can be assured on
the basis of accurate measurements, observations and documentation of measures and circumstances.
If the product value is in accordance with the respective standards, which were proven by quality control
(e.g. Pharmacopoeial), quality certification can be issued on adequate quality.
Prerequisites of quality assurance:
o All the measures have to be planned in advance and made according to written instructions
o Monitoring is obligatory before, during and after production
o Continuous and retrievable documentation of all the processes

10.2.1 Quality assurance systems applied in medicinal plant production and processing
World Health Organization (WHO) has developed a series of technical guidelines on Good Agricultural
and Collection Practices (GACP), relating to the quality control of the herbal medicines. The guidelines provide a
detailed description of the techniques and measures required for the appropriate cultivation and collection of
medicinal plants for the recording and documentation of necessary data and information during their processing.
The entire process of production of herbal medicines, from raw material to finished herbal products, was
reviewed. WHO gave high priority to the development of globally applicable guidelines to promote the safety and
quality of medicinal plant materials through the formulation of codes for good agricultural practices GAP (Good
Agricultural Practice: http://www.globalgap.org) and good collection practices of medicinal plants (Figure 10.1.).
Despite such guidelines, there is still a disparity between knowledge and implementation: while
pharmaceutical and other companies are striving to meet the requirements for the quality control, they cannot
force farmers, producers and processors to follow the GACP. The training of relevant persons is therefore one of
the key measures to be taken to ensure the implementation of quality assurance systems in the medicinal plant
sector on national level.

Figure 10.1. Newsletter of Global GAP (Source:http://www.globalgap.org)
WHO Guidelines on GACP (Good Agricultural and Collection Practice) is the improved version of GAP
generalized for collection of medicinal plants, including measures of growing, collection and post harvest (WHO
Guidelines: http://whqlibdoc.who.int/publications/2003/9241546271.pdf).The objective of guidelines is to provide
general technical guidance on obtaining materials of good quality for the sustainable production of herbal
products classified as medicines. As a next step, national and regional guidelines should be developed: actually
only the European Union, China and Japan possess special guidelines developed for this sector. In the EU,
GACP was acknowledged by EUROPAM (the European Herb Growers Association GAP/GWP Subcommittee).

Concerning secondary processing of herbal drugs, guidelines of Good Manufacturing Practice have
been implemented and followed. Standards and directives developed and published by ISO (International
Organization of Standardization) have to be also considered in the course of manufacturing of drugs and
medicinal plant products. ISO 9002 (standards related to quality management of technologies) and ISO 14000
(standards related to environmental management and safety) systems have already been implemented worldwide
in the medicinal plant producing sector, especially in the fields of processing technologies of drugs and
manufacturing the finished products.
The most important general guidelines of GACP, which have to be taken into consideration by the
professionals of the medicinal plant producing and processing companies, are presented below.
10.2.2 Selection and botanical identification of cultivated medicinal plants
In the medicinal plant growing practice, the first step is the selection of a medicinal plant species and
variety, recommended by the national pharmacopoeia or other authoritative documents of the end-user country.
The botanical identity -scientific name: genus, species, subspecies, variety, author, family – of each
medicinal plant under cultivation should be verified and recorded. Other relevant information, such as common
name, cultivar name, ecotype, phenotype, chemotype and landrace may also be provided, as appropriate.
In the case of doubt concerning the identity, voucher herbarium specimen should be submitted to a
regional or national herbarium. Documentation of the botanical identity should be included in the registration file.
10.2.3 Seeds and other propagation materials
Supplier of seeds and other propagation materials should be specified. All necessary information relating
to the identity, quality and performance of their products, as well as their breeding history should be provided by
the supplier, if possible.
The quality of propagation material should be appropriate and free of contamination or diseases in order
to promote healthy plant growth. Resistance or tolerance to biotic and abiotic factors is also preferable. Seeds
used for organic production should be certified. Propagation material including genetically modified germplasm
should comply with the national/regional regulations and be labelled and documented as required. Adulterated,
substandard or excluded propagation materials must be avoided.
10.2.4 Guidelines on cultivation
10.2.4.1 General aspects
Cultivation of medicinal plants requires intensive care and management. The conditions and duration of
growing the required vary depending on the quality demands of medicinal plant material. Introduction into the
culture or research of new crops is necessary, followed by the development of new technology and cultivation
methods. Crop rotation and sustainable land use are preferred and environmental aspects should always be
considered.
10.2.4.2 Site selection
Average values of day length, precipitation, duration of sunlight, temperature should be considered and
compared to the ecological demand of the medicinal plant prior to cultivation. Differences occur in quality of
medicinal and aromatic crops, if cultivated in different growing sites, owing to the influence of the environment.
These differences may relate to the physical appearance or to variations of their chemical constituents, which
may be affected by the environmental factors (Figure 10.2.).
Risk of contaminations as a result of pollution of air, soil or water by chemicals should be avoided. The
impact of past land uses (previous crops, chemicals) should be evaluated, either.

Figure 10.2.Peppermint field in the northern part of Vojvodina Province, Serbia (Photo: Pluhár, 2012)
10.2.4.3 Ecological environment and social impact
The cultivation may affect the environment by changing its genetic diversity, ecological balance,
especially when growing non-indigenous medicinal plants. The living organisms of the surrounding lands affect
the growing, too. Thus, the ecological impact of cultivation should be monitored over the time, where practical.
The social impact of cultivation on local communities should also be examined and negative impacts
should be avoided, while benefits - fair wages, local incomes of small or large scale cultivation/processing- should
be provided, as much as possible.
10.2.4.4 Soil properties
The soil of the growing site should contain appropriate amounts of nutrients, organic matter and other
element to ensure optimal growth. Soil type, drainage, fertility and pH all affect the quality parameters of the
medicinal plant cultivated. Correct type and quantity of fertilizers should be applied, after soil evaluation and
animal manure of documented origin is needed in proper quality.
10.2.4.5 Irrigation and drainage
Irrigation and drainage should be controlled in accordance with the needs of the medicinal plant
cultivated during growing and efficient amount of water should be used. Proper irrigation techniques are chosen
to maintain plant health, especially in the case of the possibility of vector-borne disease transmission.
10.2.4.6 Plant maintenance and protection
The growth and development characteristic of a species and the used plant part determine the
management practices. Growth regulations by pruning, topping, shading, etc. are applied to improve the quantity
and quality of the material produced.
Any agrochemicals used to promote growth and to protect medicinal plants should be kept to a minimum
and applied when no alternative measures are available. Integrated pest management should be followed where
appropriate by approved pesticides at the minimum effective level. Only qualified staff using approved equipment

should carry out pesticide and herbicide applications and all the applications are to be documented. The minimum
interval between treatments and harvest should be consistent with the labelling and instructions of the product.
Growers should comply with the minimum residue limits (Codex Alimentarius, International Plant Protection
Convention) considered by national authorities of the countries both of the grower and the end-user.
10.2.5 Guidelines on harvest
Medicinal plants should be harvested during the optimal season and time period to ensure the best
possible quality. The time of harvest depends on plant parts used and the concentration of active compounds
varies with their developmental stages. Detailed information on timing of harvest is available in national
pharmacopoeias, published standards, official monographs and major reference books. The best time for harvest
(quality peak season/time of day) should be determined according to the quality and quantity of active
constituents rather than the total vegetative yield.
During harvest we should make sure that no other materials, weeds and toxic plants are mixed with the
harvested medicinal plant. Medicinal plants should be harvested under the best possible conditions, avoiding
dew, rain and high humidity or immediately transported to dry place to prevent high moisture content promoting
microbial fermentation and mould.
Cutting devices, harvesters and other machines should be kept clean and adjusted to reduce damage
and contamination from soil (microbial load) or other materials. Harvested material should be transported
promptly in clean and dry conditions to the processing facility, placed in clean baskets, dry sacs, tailers, or other
well aerated containers. Harvesting machines and containers should be kept under clean and dry conditions in an
area protected from insects and other animals (Figure 10.3.).

Figure 10.3.Insect trap applied in the depo of the processing plant of Herbária in Balmazújváros, Hungary (Photo:
Pluhár, 2011)

10.2.6 Personnel in cultivation
Growers and producers should have adequate knowledge of the medicinal plants concerned (botanical
identification, cultivation characteristics, environmental requirements, harvest and storage). Personnel should

receive training concerning measures of cultivation and processing and field workers should maintain appropriate
personal hygiene. Properly trained personnel wearing appropriate protecting clothing (gloves, face masks,
overalls, helmet, and goggles) should apply agrochemicals. Growers and producers should receive instructions
concerning environmental protection and proper agricultural stewardship as well.
10.2.7 Post harvest processing
Raw medicinal plant materials are suggested to be inspected and sorted prior to primary processing.
The inspection includes virtual inspection for cross-contamination by untargeted plants/plant parts and for foreign
organic matter as well as organoleptic evaluation of appearance, damage, size, colour, odour and taste.
Appropriate measures of primary processing are dependent on the specific features. These processes
should be carried out in conformity with the national/regional quality standards, regulations and norms, however,
purchasers may require specific protocols as well. The protocols should also comply with national/regional
regulatory requirements applied in the producer‟s and the purchaser‟s countries.
Standard operating procedures should be followed. The harvested raw material should be promptly
unloaded and unpacked upon arrival at the processing facility (to prevent fermentation and thermal degradation)
(Figure 10.4.).
Medicinal plants applied in fresh form are to be stored under refrigeration or conserved by other methods
approved by the producer and end-user countries. Inspection have to be made for substandard (discoloured,
damaged, mouldy) products or foreign organic matter (soil, insects, and foreign plant parts) and they should be
eliminated. Mechanical devices have to be cleaned and maintained as well as protected from insects, rodents
birds and other pests.

Figure 10.4. Fresh chamomile flowers waiting for drying in the processing plant of Herbária in Balmazújváros,
Hungary (Photo: Pluhár, 2011)
Moisture content of the material harvested should be kept as low as possible to reduce damages from
mould or other microbial infestation. Information on the appropriate moisture content for particular medicinal
plants is available in the Pharmacopoeias and authoritive monographs. Medicinal plants are dried in a number of
ways. When possible, temperature and humidity should be controlled to avoid damage of the active compounds.
The drying conditions should be recorded.
Guidelines concerning building and drying facilities are also involved in GACP (Figure 10.5.a-b.).

Figure 10.5. Steam sterilizing equipment (a) and the drug under treatment (b) in the processing plant of
Herbária in Balmazújváros, Hungary (Photo: Pluhár, 2011)

10.2.8 Bulk packaging and labelling
Processed plant materials should be packaged as quickly as possible to prevent deterioration of the
product and to protect against unnecessary exposure to potential pest attacks and other sources of contaminants.
Clean and dry boxes, sacks, or other containers in accordance with standard operating procedures and
regulations of the producer and the end-user are applied(Figure 10.6.).
Reusable packaging material such as jute sacks and mesh bags should be cleaned (disinfected) and
thoroughly dried prior to reuse, in order to avoid contamination by previous contents.

Figure 10.6. Filling of sacks by dried drug in the processing plant of Herbária in Balmazújváros, Hungary(Photo:
Pluhár, 2011)
A label affixed to the packaging should clearly indicate the scientific name of the medicinal plant, the
plant part, the place of origin (cultivation or collection), the date, and the names of the grower, and the processor
as well as quantitative information. The label should also bear a number that clearly identifies the production
batch(Figure 10.7.).
The records on all the processes should be kept for a period of three years or as required by national
and/or regional authorities.

Figure 10.7. Labelling used in the processing plant of Herbária in Balmazújváros, Hungary (Photo: Pluhár, 2011)
Control questions
What is the starting point of quality assurance in the case of medicinal plants?
a. the primary processing
b. the harvest
c. the propagation material
Which is the final measure inspected by GACP in the case of cultivated medicinal plants?
a. the harvest
b. the primary processing
c. the secondary processing
What does the quality certification mean?
a. a record on the result of quality control b. an oral report of the grower on the measures done
c.showing the result of soil analysis
When should the quality be certified?
a. only during cultivation b. only in the case of the drug produced

c. continuously during production

What should be controlled according to the specifications of the Pharmacopoeia?
a. a medicinal plant drug
b.a tea mixture
c. a herbal medicine
What is included in the ISO 9002 system?
a. quality control and management of production
c. guidelines of WHO

b. guidelines for good agricultural practice
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11. PLANT DESCRIPITONS
Author: Sára Kindlovits
Achillea collina Becker – Wild yarrow
Achillea collina is a perennial,
herbaceous plant in the Asteraceae family/
Asteroideae subfamily (H). Yarrow‟s rhizome
is located underground, the stems are about
50-80 cm tall and they grow from the
rhizomes. The feather-like leaves are located
on the stems alternately. The inflorescences
are composed from numerous, small florets,
the corolla is white. Flowering time lasts from
June to late autumn. The small, light brown
achenes ripen in autumn, they don‟t have
topknot. Thousand seed weight: 0.13 g.
Yarrow is widespread in Central- and
South Europe, East Asia and North Africa. In
Hungary it is also native and common;
appears at roadsides, ruderal and fallow
places, sunny pastures. Yarrow is a
xerophyte, halophyte species with wide
ecological tolerance. Often occurs at saline
areas, but prefers the warm, sunny places
and loose soil types.
The official drug of the plant is the
full or cut flowering shoot (Millefolii herba),
which is mentioned by the Hungarian
Pharmacopoeia VIII. and the ESCOPmonographs. In the practice, the
inflorescences collected in full flowering with
4-5 cm long stems (Millefolii flos) are also used. The essential oil (Millefolii aetheroleum), distilled from the fresh
plant, is in commercial trade, too. According to the standards of Ph. Hg. VIII. only A. millefolium should be
collected, which is a non-azulenic species. To meet the standards (2 ml/kg 0.20 % essential oil and 0.02 %
proazulene) other yarrow species from Millefolium aggregate, including A. collina, are collected for the high
quality drug material.
The most important active ingredient of yarrow drug is essential oil, which is accumulated mainly in the
inflorescences (0.2-0.5 %), the leaves contain lower amount. The main compounds of the oil are sesquiterpene
lactones, called azulenes, which are transformed from proazulenes (achillin-, matricin-, artabsin derivates) during
the distillation. The azulenic oil is dark-blue. Furthermore yarrow contains other non-volatile sesquiterpene bitter
substances and flavonoids (apigenin- and luteolin glycosides).
The herb‟s pharmacological effect is scientifically proved in several areas: digestive, spasmolytic,
inflammatory, analgesic, antibacterial, and antiseptic. The infusion of the herb is indicated for curing the loss of
appetite, gastritis, liver-, gall- and gastric-disorders and cramps. Externally, in form of sitting-bath, it is suggested
for healing infections of female reproductive organs or in form of compress or ointments, indicated for curing skin
inflammations and wounds. In some cases yarrow caused contact dermatitis at sensitive people.

Anethum graveolens L. – Dill
Anethum graveolens is a shortlived annual herbaceous plant in the
Apiaceae family (Th). The plant is 40-150
cm tall, the leaves are alternate, finely
divided, softly delicate, thread like. The
flowers are yellow, located in small
compound umbels (2–9 cm). The
flowering time lasts from May to July. The
seeds are 4–5 mm long and 1 mm thick,
straight to slightly curved. Thousand seed
weight: 1-2 g, cultivars with both small
and big seed size are known. The fruit
ripening lasts for a few weeks.
Dill originates from the Eastern
coast of the Mediterranean Sea, native to
West Asia, Persia, East India, Caucasus
and Egypt. In Hungary, it is cultivated, but
doesn‟t occur widely. The germination of
the seeds starts in low temperature (at 810 °C), but needs warm, sunny weather in
the generative phases of plant
development. Dill prefers soils with high
water holding capacity and warming
potential.
Almost all the organs of dill are
used: the overground parts of the plant,
before the stems have grown, are cut and
consumed freshly or dried (Anethi herba). The ripe fruits of the plant are used as an important spice (Anethi
fructus). Essential oil is distilled from the overground parts and the ripe fruits of dill: Anethi herbae aetheroleum
(dill herb oil) and Anethi fructus aetheroleum (dill seed oil).
Every organ of the plant contains essential oil in different amounts (the overground parts: 0.8-1.6 %, the
mature fruits: 2-4 %). The main volatile compound of the oil is d-carvone. The herb oil contains 25-35 % carvone,
while the seed oil accumulates it in a higher amount: 40-60 %. D-(I)-phellandrene (about 20 % in the herb oil)
and d-limonene (10-40 % in the seed oil) are also remarkable constituents. The fruits contain flavonoids
(kaempferol), dillapiole and fatty oils (15-20 %) too.
The herb and the essential oil of the plant has a pleasant flavour, both are used as spice or preservative in
the food-industry and in the household. The volatile oil of dill is an important material for cosmetic industry, too.
The fruits can be used as a carminative and have bacteriostatic effect, while water extract of the overground parts
has a sedative effect. The seed oil has analgesic activity too; dill can be used for curing flu, because of its
immunstimulant and antiviral effect.

Calendula officinalis L.
marigold, common marigold

–

Pot

Calendula officinalis is a
herbaceous, annual plant belonging to
the Asteraceae family/ Asteroideae
subfamily (Th). The plant is 40-60 cm tall
with branched stems; the roots are palelike. The leaves are oblong, lanceolate,
slightly serrulate. Marigold has solitary
terminal inflorescences with 3-6 cm
diameter, the disc florets have an intense
orange-yellow colour. The fruits are
thorny curved achenes, thousand seed
weight: 8-12 g.
Calendula officinalis is native to
the coasts of Mediterranean Sea and the
Western part of Asia. In Europe it is
cultivated since the 12th century. In
Hungary marigold is also a popular
medicinal, ornamental and dyeing plant,
cultivated in the whole country. It can be
grown easily in sunny, warm places in
most kind of soils. Marigold has a high
drought tolerance, too.
Marigold‟s drug is the chopped
or whole flowers separated from the
receptalces, harvested in full flowering
(Calendulae flos). It is mentioned in
Hungarian Pharmacopoeia VIII. and in
ESCOP- and E-monographs as well. To meet the standards of the pharmacopoeia, the drug should contain 0.4
% flavonoid (hiperoside).
The main active substances of Calendula officinalis are water soluble flavonoids (0.04-0.10 %) and
lipophilic, yellow-orange carotinoids (3 %, beta-carotene, luteine). Furthermore the plant contains saponins,
sterols, essential oil (0.1 %, major component is alfa-cadinol) and polisaccharids (15 %). The fruits of marigold
have high fatty oil content with calendic acid as main compound.
The water extract of the herb is immunstimulant, anti-inflammatory, antibiotic, bactericid, antiviral.
Internally, as a tea, it is consumed for curing gastric and duodenal ulcers. The oil extract of marigold has an
epithelising, skin regeneration stimulating effect. Externally, it used for healing wounds, varicose veins, skin
lesions. The cold-pressed fatty oil of the fruits have anti-inflammatory effect as well. In organic horticulture
marigold is planted to keep away nematodes and the extract of the plant is used for its mollucicide and
allelopathic activity.

1.2

Carum carvi L. –
Caraway or Persian
cumin

Carum carvi is a
herbaceous plant in Apiaceae
family (Th-TH). Annual (C. carvi
var. annuum) and biennial
varieties are (C. carvi var.
biennis) also known. Biennial
caraway has a long, pale-like,
thick root; the stem is branched,
erect, 60-80 cm tall. In the first
growing season only the leaverosettes develop over the ground
surface. The leaves are trifoliatepinnate with long stalks (about 20
cm). The flower stems grow in the
second growing season after
winter. The inflorescences are
compound umbels, the petals are
white. The caraway fruits are light
brown crescent-shaped achenes
with five pale ridges. The
achenes are 3-7 mm long, 1-1.25
mm wide, thousand seed weight:
2-3.5 g. The annual caraway has
less branched, shorter, thinner
roots. The leaves are light green,
the flower stems are 80-100 cm
tall, grow in the year of sowing.
The inflorescences are the same with the biennial type, but the fruits are bigger: 5-9 mm long, 1.2-1.5 mm wide.
Thousand seed weight: 2.5-4.0 g.
Carum carvi is Eurasian floral element. The biennial variety is native to Central-, North Europe and to the
highlands of Asia; in Hungary it is also common. It prefers humid climate, cultivated in Finland, Netherlands,
Poland. The annual variety prefers warmer climate, native to the Eastern coast of Mediterranean Sea. Both
varieties produce big yields only on high quality, nutrient-rich, calcic soils.
Caraway‟s drugs are the dried fruits of the plant (Carvi fructus) and the essential oil distilled from the
ripen achenes (Carvi aetheroleum). The drugs are mentioned by the Hungarian Pharmacopoeia VIII. and in the
ESCOP-monographs too. For high quality drug the pharmacopoeia requires at least 30 ml/kg carvone-like
essential oil content in the crude drug.
Caraway contains essential oil in 2-7 % with d-carvone as main compound (50-70 %). Other
components of the oil are d-limonene, dihydrocarvone, carveol and dihydrocarveol. The fruits contain 20 %
protein, 10-18 % fatty oil and 15 % saccharoids too.
Spasmolytic, carminative, digestive, antibacterial and antifungal activity of Carum carvi has been proved.
The drug is often applied internally in form of teas, tea mixtures for curing gastric disorders, cramps and
distension. Caraway fruit is a popular spice in the food industry, but also an important cosmetic material. The
application of the essential oil is perspective as a biological pesticide, because carvone has an inhibitor activity on
seed germination and sprouting of bulbs.

Coriandrum sativum L. – Coriander, Chinese parsley
Coriandrum sativum is an annual, herbaceous plant belonging to the Apiaceae family (Th.) Two varieties
are known worldwide, both cultivated. The Moroccan coriander (C. sativum var. vulgare Alef. ), which has large
(3-6 mm) achenes, is rare in Europe. The other variety with smaller fruit size (1.5-3 mm) is C. sativum var.
microcarpum DC., which is cultivated through Central- and Eastern Europe. The roots are branched, pale-like; the
stems are 20-150 cm tall. The leaves are variable in shape, broadly lobed with long stalk at the base of the plant,
and thin, feather-like upper on the flowering stems. The flowers bloom in compound umbels, the petals are pale
pink, the plants start flowering in the beginning of June. The fruit is light brown, globular, dry schizocarp.
Thousand seed weight: 5-7 g.
Coriander originates from the Eastern Mediterranean. The plant development is effected by temperature:
for the seed germination 15 oC is optimal, but the vegetative development is better on low temperature. During
the seed ripening 18-19 oC is needed. Coriander grows easily on soils with high water capacity.
The ripe fruit of the plant (Coriandri fructus) is official in the Hungarian Pharmacopoeia VIII. The high
quality drug contains at least 3 ml/kg essential oil according to the standards. The essential oil of coriander
(Coriandri aetheroleum) is in trade, too.
Every overground part of the herb accumulates essential oil (fresh shoots 0.036 %, fruits 0.38 %). The
main components in the shoots are linalool, decen-(2)-al, dodecen-(2)-al, in the fruits linalool is dominates. The
ripe achenes accumulate fatty oils, proteins, vitamin A and C, gamma sytosterin, flavonoids and triterpenes as
well.
Coriander drug is efficient in healing digestive disorders, distension and loss of appetite. It has been
used for a long time and is an important compound of galenicums. As a spice, coriander is a popular material of
canning industry; the essential oil is also used in the food and cosmetic industry.

Cucurbita pepo L. subsp. pepo convar.
pepo var. styriaca Grebensc. – Styrian
oil pumpkin
Styrian oil pumpkin is a
herbaceous, stoloniferous annual plant in
Cucurbitaceae (Th). The roots are thick,
placed deeply underground. The stems
are hollow, covered with hair, 3-5 m long.
The leaves are big, 5 fold lobed, green or
sometimes greyish. The leafstalks are 2530 cm long, hollow and covered with hair,
too. The plant is monoecious, the male
and female flowers are separated. The
petals are yellow, inseparable. The female
flowers have short, while the male flowers
have long flower stalks. The fruits are
medium sized, globular or oblong, yellow
with white banding. The fruits contain
about 400-500 seeds, which are plain,
oval, 15-20 mm long, 8-10 mm wide, 2.5-3
mm thick, olive green or greyish green
coloured. Thousand seed weight: 200-310
g.
Styrian oil pumpkin has been
known only since the 50s, probably the
speciation is caused by a spontaneous
mutation. In Hungary the plant has been
cultivated since 1976, it originates from the southern part of Austria. Oil pumpkin prefers direct sunlight and warm
climate, also has high drought tolerance. It grows well on every soil types, but produces bigger yields on sandy
and pise soils, rich in nutrients.
The ripe seeds (Cucurbitae semen) and
the fatty oil squeezed from the seeds (Oleum
cucurbitae) are the official drugs of oil pumpkins,
mentioned by the E-monographs.
Cucurbitae semen‟s main active
substance is fatty oil (40-60 %), which contains
polyunsaturated fatty acids and their derivates:
linolic acid (45-50 %), vitamin E-vitamin (over 30
mg %).
The polyunsaturated fatty acids of oil
pumpkin (linolic, linolenic acids) are precursors of
prostaglandins. The seed and seed oil is a
natural provitamin source and also has
antioxidant activity, because of the vitamin E and
selenium content. The fatty oil of the seeds is
efficient against prostate hypertrophia and urinary
problems.
Digitalis lanata Ehrh. – Woolly foxglove
Digitalis lanata is a biennial,
herbaceous plant in Plantaginaceae family (TH).
In the first year of the vegetation only leaf

rosettes develop, which are 15-30 cm long, lanceolate and glossy. The flowers bloom in the second year, the
flower stems are 80-120 cm tall the leaves are alternate, acute, lanceolate and they don‟t have stalks. The
thimble-shaped flowers are located in loose, terminal racemes, the petals are white with brown netting, the bracts
and sepals are covered with woolly hair. The flowers bloom in the beginning of June. The small, reddish brown
seeds develop in pods that have small hooks. Thousand seed weight: 0.4-0.5 g. From the closely related purple
foxglove (Digitalis purpurea) Digitalis lanata can be easily distinguished by the different morphological features:
woolly, wrinkled, oval leaves, purple flowers in terminal racemes.
Woolly foxglove distributed through South-Eastern Europe, in Hungary it can occur wildly: several
populations are known in Buda hills and in Mecsek. The plant grows well in dry, warm places. The natural
populations of Digitalis lanata are highly protected; the commercial drug can originate only from cultivated plants.
The official drug of the plant is the dried leaf: Digitalis lanatae folium. The quality requirements are
written in the Hungarian Standards (MSZ 19855-1968), the drug is also mentioned by the German
Pharmacopoeia (DAB 9).
The active agents of woolly foxglove are cardenolides (triterpene steroids): lanatoside C glycoside
and its aglycon digoxigenin, which is responsible for the biological activity. The whole plant accumulates
cardenolids, but the leaf rosettes have the highest steroid content (0.2-0.6 %). Flavonoids and saponins are also
active agents of the drug.
Digitalis lanata has been applied for treating poor cardiac functions for a long time. The drug is an
important material for pharmaceutical industry, several medicaments are made from digoxigenin (Digoxin,
Isolanid, Neoadigan). These medicaments can be applied only with constant, medical control. The overdoses
can cause toxic symptoms, such as nausea, visual disorders or rare pulse. During the utilization of foxglove
medicaments breaks should be kept in application, because both the steroid glycosides and the aglycones can
cumulate in the body.
Echinacea spp. – Coneflower species
Echinacea purpurea (L.) Mönch – Purple coneflower
Echinacea angustifolia DC. – Narrow-leaved coneflower
Echinacea pallida (Nutt.) Nutt. – Pale coneflower
Echinacea species are perennial, herbaceous
medicinal
plants
belonging
to
Asteraceae
family/Asteroideae subfamily (H). Purple coneflower is
easily distinguishable from the other two species by its
morphological features. Narrow-leaved and pale
coneflowers are quite similar, they can be differentiated
properly only in flowering time. The roots are placed
deeply under the soil surface; the rhizome is short,
vertical. The stems are 100-150 cm tall, branched, the
whole plant is covered with hair. The leaves are
lanceolate, oblong-oval, the margins are serrulate. The
flowers stand in big, terminal inflorescences, the disc
florets 2-9 cm long, 0.5 cm wide, light purple-purple
colored. Flowering time: June-September.
The coneflower species originates from North
America. Az E. purpurea is distributed in humid regions,
while E. angustifolia and E. pallida are frequent on dry
prairies. Coneflowers prefer direct sunlight and warm
climate, they are frost-tolerant.
The dried flowering shoot (Echinaceae purpureae
herba, Echinaceae angustifoliae herba, Echinaceae
pallidae herba) and the dried root (Echinaceae purpureae
radix, Echinaceae angustifoliae radix, Echinacea pallidae
radix) are the drug of coneflower species. Echinaceae purpureae herba, Echinaceae purpureae radix,
Echinaceae angustifolia radix and Ehinacea pallidae radix are mentioned by the Hungarian Pharmacopoeia, and
ESCOP-monographs. According to the requirements the quality drug contains 0.2 % (Echinacea pallidae radix),

0.5 % (Echinaceae angustifoliae radix) echinacoside. The caffeic and cichoric acid content is 0.1 % in
Echinaceae purpureae herba and 0.5 % in Echinaceae purpureae radix.
The main active agents of coneflowers are caffeic acid derivates, alkyl-amides, polysaccharids and
essential oil. There are differences between the species by their active substance content. They are also
accumulate flavonoids, polyacetylenes, alkaloids (such as toxic pyrrolizidine alkaloids) in a small amount.
The coneflower drug is efficient for treating cold, or chronic diseases of upper-respiratory or excretory
organs. The consumption of Echinacea medicaments is also important in disease prevention because of its
immunstimulant activity. Externally it is used for curing wounds, ulcers.
Hippophaë rhamnoides L.
– Common sea-buckthorn
Hippophaë
rhamnoides is a deciduous
shrub
or
tree
in
Elaeagnaceae family. It
develops long tap-root,
while the lateral roots are
placed
shallow
underground. Shoots can
occur from root sprouting
too. The branches are
covered with silver shiny
hair and sharp thorns. The
leaves are alternate, narrow,
lanceolate, 4-6 cm long, 0.51.0 cm wide, covered with
hair too. The margins are
entire. Common sea-thorn is
dioecious, wind-pollinated.
The flowers appear on the two-year-old shoots before the foliage. The male florets are small, green, almost
invisible, while the female flowers stand in thick racemes or spikes on the upper part of the shoots. The plant can
be harvested from the 3rd-5th year. The fruit is orange, globular-oval with 6-8 mm diameter, ripening from the end
of September. The seeds are dark brown; the thousand seed weight is 18-20 g.
Hippophaë rhamnoides is an Eurasian floral element, the species is distributed widely in the Northern
hemisphere‟s moderate and semi-tropical regions. The plant prefers sandy soils, riversides and seashores. In
Hungary common sea-thorn is also native, the natural populations are protected. In the cultivation several Altaic
cultivars are known, with big fruits size and without thorns. The drought-tolerance of the plant is very high, it can
occur even on saline areas. This is caused by the plant‟s developed root-system and with the symbiosis of the
roots with actinomyces bacterium species. Sea-thorn needs direct sunlight, but has a very good frost-tolerance,
too.
The mature fruit (Hippophaë fructus) and the fatty oil, pressed from the fruits and seeds (Oleum
hippophaë) are the drugs of sea-thorn.
The Hippophaë fructus contain 75-80 % juice, with saccharides (2-4 %), organic acids (mainly malonic
acid) and fatty oil (1-2 %) as main compounds. Furthermore the fruits contain vitamin C (0.15-0.3 %), carotinoides
(0.01-0.015 %), vitamin B, E, F, microelements (Ca, Mg, Zu, Ti), amino acids (cysteine, phenyil-alanine). The
seeds accumulate 12-15 % fatty oil, rich in unsaturated fatty acids: linolic acid and linolenic acid. The fruits oil is
containing saturated fatty acids.
Sea-thorn fruit is an important source of vitamin C. The fruits are used mainly by the food industry, while
the seed oil is utilized by the pharmaceutical and cosmetic industry: it is used for healing damages of outer and
inner epithels, such as wounds or ulcers, or curing radiation sickness. The fruit and leaf extract has antioxidant
activity.

Lavandula angustifolia Mill. – Common
lavender, true lavender
Lavandula angustifolia is a perennial
aromatic shrub in Lamiaceae family (N). The
roots-system is wooden, branched. The short,
thick, warted stem is also wooden above the soil.
The shrub is branched, globular, 40-60 cm tall,
80-120 cm in diameter. The flower stems are 2040 cm long. The leaves are opposite decussate,
linear, lanceolate, 3-5 cm tall, 0.2-0.5 cm wide,
greyish-green, covered with hair densely. The
flowers bloom from the end of June until July.
The purple flowers stand in loose spikes on the
end of the flower stems. The fruits are 1.8-2.2
mm long, oval, dark-brown or black, shiny.
Thousand seed weight:: 0.85-1.1 g. The closely
related Lavandula x hybrida is also cultivated for
essential oil production. The whole plant is bigger
than Lavandula angustifolia: the shrub is 80-100
cm tall, 150 cm, the leaves are longer (5-7 cm)
and wider (0.8-1 cm), the flower stems are
branched and 60-90 cm long, the colour of the
florets is greyish-purple. The plant is covered
with hair finely.
True lavender is native to the coasts of
Mediterranean Sea, distributed through South, Central Italy, South France, Spain. The first Hungarian plantation
was made in Tihany in 1920 by Gyula Bittera. Lavender has high drought tolerance, it prefers dry, calcic soils and
warm climate.
The dried flowers (Lavandulae flos) and the essential oil distilled from the fresh flowers (Lavandulae
aetheroleum) are the official drugs of true lavender. Both mentioned in Hungarian Pharmacopoeia VIII.
Sometimes the floral stems are also used (Lavandulae herba). According to the requirements the flowers have to
contain at least 13 ml/kg essential oil, while the essential oil main compound has to be linalyl acetate (25-47 %).
True lavender‟s most important active agent is essential oil (0,5-3 %) with linalyl acetate (30-60 %) and
linalool (20-50 %)
as main compounds.
Lavandula x hybrida flowers accumulate more
essential oil (0.9-5 %), but the volatile
compounds amount is different (only 7-30 %
linalyl acetate, 25-45 % linalool). The herb also
contains the derivates of cinnamic acid, tannins,
coumarins, flavonoids and sterols.
Lavandulae flos has sedative,
cholagogue, antibacterial effect. The infusion of
the drug is applied in sleeping disorders,
nervousness, dissention, gallbladder problems.
The volatile oil is used externally in form of
ointments or alcoholic extracts for curing
rheumatism and neuralgia. Lavender oil is one of
the most important material of cosmetic and
fragrance industry.
Levisticum officinale Koch. - Lovage
Levisticum officinale is a perennial,
herbaceous aromatic plant in Apiaceae family.

The root is thick, vertical with a pale-like rhizome, the lateral roots are 15-20 cm long. The root surface is yellow
or light-brown, while the fracture surface is white. In the first year of vegetation only the basal leaf rosette
appears. The leaves are pinnated, the leaflets are pointed, the marginal is serrulate. The 1.5-2.0 m tall, hollow
flowers stems develop from the second year. The stems and leaves are shiny, dark-green to yellow-green. The
stem-leaves are smaller and less divided with few leaflets. The flowers are yellow, produced in globular,
compound umbels, bloom from the end of June to middle July. The fruits are yellow-brown, flat with three rips on
them. Thousand seed weight: 3-4 g.
Lovage originates from South and West Asia, but it is also distributed through Europe and mostly occurs
on wet habitats. In Hungary lovage is cultivated, in Békés county. It prefers warm climate and soils rich in
nutrients.
The whole or cut root and rhizome of lovage is the official drug in Hungarian Pharmacopoeia VIII. (with 4
ml/kg essential oil in whole drug, 3 ml/kg in cut drug). The essential oil (Levistici aetherolum), the leaves (Levistici
folium) and the ripe fruits (Levistici fructus) of the plant are also in commercial trade.
Every part of the plant accumulates essential oil in different amounts: the roots and rhizomes contain
0.5-1.0 %, a the flower stems 0.15-0.45 %, the leaves 0.1-0.25 %, the ripe fruits 0.5-1.8 %. The most valuable is
the root oil. The main volatile compounds are alkyl ftalids (70 %). Coumarins and organic acids are also
detectable in the roots.
Lovage is known and cultivated as a medicinal and aromatic plant since ancient time. Every part of the
plant is odorous, celery-like. Levisticum drugs are important materials of food industry: liqueurs, spices are made
from them. Lovage has diuretic and spasmolytic effect.
1.3 Majorana hortensis Mönch - Marjoram
Majorana hortensis is a well-known aromatic
plant in Lamiaceae family, synonymous name is
Origanum majorana L. Originally, marjoram is a coldsensitive perennial species, in Hungary it is cultivated
as an annual herb (Th). The stems are 25-50 cm tall,
branching, the young shoots are greyish. The leaves
are oval, haired, the marginals entire and the leafstalks
are short. The flowers are small, white or greenish-pink,
placed near the globular bracts. The inflorescences are
compound, spike-like. The fruits are small, tan brown.
Thousand seed weight: 0.22-0.44 g.
Majorana hortensis originates from South-West
Asia and North Africa. In Hungary it is known and
cultivated since the 16th century, the cultivation area of
the plant is the Southern region of Hungary: Kalocsa,
Tolna county. Marjoram prefers high temperature, light
and wet, nutrient rich soils. The frost tolerance of the
plant is very low.
The drug is the crumbled or milled dried
flowering shoot of the herb (Majoranae herba). The
essential oil distilled from marjoram is also in
commercial trade (Majoranae aetheroleum).
Essential oil is the most important active agent
of Majorana hortensis, it is accumulated 0.5-1.3 % in
the flowering shoots. In the crumbled, purified (the
stems are separated) drugs it can reach 2.0-2.5 %. The
main compounds of the oil are terpinene, alfa-terpineol, sabinene hydrate. Rosmarinic acid, hydroquinons,
flavonoids and bitter substances also accumulate in marjoram.
Majorana hortensis has carminative, analgesic effect, also reduces the distintion of gaster. The essential
oil composition is effected by the method of extraction. The distilled marjoram oil has antiseptic, antimicrobal
effect. In the folk medicine it is applied for gastric diseases, coughs and externally for curing rheumatism. Most
widely the herb is used as a spice.

Matricaria recutita L. - Chamomile
Synonymous Latin names are:
Chamomilla recutita (L.) Rausch. and
Matricaria chamomilla L. Matricaria
recutita is an annual, herbaceous plant
in Asteraceae family/ Asteroideae
subfamily, often cultivated as biennial
(Th-TH). Chamomile has taproot and
branched, erect and smooth stem,
which grows to a height of 5–80 cm.
The leaves are alteranate, long, narrow,
bi- or tripinnate. The flowers are borne
in terminal, compound flower heads
from the end of April to midsummer.
The ray florets are white, while the disc
florets are yellow. The flower head is
1.5-3.0 cm wide and has a strong, aromatic scent. The receptacle is hollow and swollen. This morphological
feature distinguishes chamomile from the valueless Anthemis species. Fruits are 1-1.5 mm long greyish-white
achenes, thousand seed weight: 0.02-0.03 g.
Chamomile originates from the Eastern part of Mediterranean Sea, but distributed worldwide on moderate
climate as a weed. It is also common in Hungary, mostly on the saline areas of Alföld. Chamomile needs
sunlight, even during germination, and prefers high temperature. The frost-tolerance of the species is high at leaf
rosette phase.
The dried flowers (Matricariae flos), the essential oil (Matricariae aetheroleum) and the alcoholic extract
of the flowers (Matricariae extractum fluidum) are the drugs of chamomile. The oil can be distilled from the dried
or fresh flowers and floral stems. The sifted flowers are also known as Chamomillae cribratum. The drugs are
mentioned by Ph. Hg. VIII., ESCOP-, E- and WHO-monographs. Matricariae flos prescribed to contain 4 ml/kg
blue essential oil and 0.25 % apigenine-7-glycoside, while Matricariae aetheroleum at least 5 % chamazulene
and 15 % alfa-bisabolol.
Chamomile flowers contain 0.4-1.2% essential oil. The blue colour of the oil is caused by the
chamazulene content, which compound is forming during the distillation. Further important volatile compounds
are: alfa bisabolol and its oxides, bisabolol oxide A and B, beta farnesene. The flower also accumulate
fllavonoids (0.3-3.0 %), like apigenin, luteoline, patuletin, pectins (3-17 %), coumarins, phenolic acids, colin and
minerals.
Antispasmolytic, analgesic, anti-inflammatory, antibacterial, antifungal, wound healing effects of
chamomile are improved. Internally the plant is used for curing the inflammation of gaster and inner epithels, or
ulcers. Inhalation with the infusion is also efficient against bronchial problems. Sedative, carminative, digestive
effects are also known.
Internally, it is applied for
healing inflamed eyes, gums
and wounds.
Melissa officinalis L. –
Lemon balm
Melissa officinalis is a
herbaceous, perennial aromatic
plant in Lamiaceae family (H).
Roots are thin, yellowishbrown, rhizome is wooden.
Rhizomes develop several
overground stems too. Plant
grows to 50-100 cm height,
stems are branched. Leaf
arrangement
is
opposite

decussate, the leaves have 3-6 cm long stalks, leaf shape is ovate, the marginals are dentate. The leaves are
slightly covered with hair, dark-green, vesicular surfaced, and have a pleasant lemon odour. Flowers are
compound, white, they bloom during summer, from early July to August. The flowers are filled with nectar, attract
bees. Fruits are 1.5-2 mm long, ovate, shiny almost black. Thousand seed weight: 0.6-0.7 g.
Lemon balm is native to South Europe (Eastern coasts of Mediterranean Sea), in Hungary it is cultivated,
but several wild populations are known in wooded, dry habitats. The plant prefers warm, sunny places and well
drained, calcic soils.
Lemon balm‟s drugs are the dried flowering stems (Melissae herba) and the dried leaves (Melissae
folium), the latter one is mentioned by Ph.Hg.VIII., ESCOP- and E-monographs. The essential oil distilled from
the fresh or dried herb (Melissae aetheroleum) is also an important drug. The high quality drug contains at least 4
% rosmarinic acid, according to the standards.
The overground organs of the plant accumulate essential oil. The volatile oil content is the highest in the
leaves, it can reach 0.2-0.5 %. The compounds are: citral, citronellal, geraniol, linalool. Lemon balm also contains
phenolic agents: rosmarinic acid and flavonoids (luteoline, quercetin, kaempferol, apigenine).
Lemon balm has sedative effect, internally it is used for sleeping disorders, gastric diseases, nervousness.
The water extract of Mellisa officalis has antiviral effect, externally it is applied for curing herpes. The essential oil
and the alcoholic extract are used for healing neuralgia, gastric problems.
Mentha x piperita – Peppermint

hair.

Mentha species belong to the Lamiaceae
family. Peppermint is a herbaceous, perennial
aromatic plant (H). The thin, 15-20 cm long roots
develop from the 3-4 mm wide rhizomes. The plant
is overwinter with its stolons. The stolons are
branched, white, they can develop both roots and
shoots. The plant grows to 30–90 cm tall, with
smooth stems, square in cross section. The stems
are often red from the accumulated antocyanidine.
The leaves are 4–9 cm long and 1.5–4 cm broad,
dark green with reddish veins, with an acute tips
and serrate margins. Both the leaves and stems
are usually slightly hairy. The flowers are purple,
borne in spikes. Flowering lasts from mid to late
summer. The fruits are small, reddish-brown,
usually not viable. Mentha x piperita can be
distinguished from the related species easily with
their morphological species. Mentha spicata var.
crispata doesn‟t develop stolons and doesn‟t
accumulate antocyanidine. Its stems are 40-80 cm
tall, light green, the leaves are wavy, dentate.
Mentha arvensis var. sachalinensis grows taller
than the other species and covered densely with

The speciation of peppermint is caused by the spontaneous hybridization of Mentha aquatica L. and
Mentha spicata. The species probably originates from England, but other suppositions are also known.
Peppermint grows easily in warm, light places, wet, nutrient-rich soils.
The dried flowering shoots (Menthae piperitae herba), dried leaves (Menthae piperitae folium) and the
essential oil, distilled from the fresh shoots (Menthae piperitae aetheroleum), are the drugs of peppermint. They
are official in Hungarian Pharmacopoeia and in ESCOP-monographs. According to the standards the essential oil
content of Menthae piperitae folium is at least 12 ml/kg.
The main active substance of Mentha x piperita is essential oil: the leaves contain 2-4 %, the flowers 4-6
%, while the stems don‟t accumulate oil. The major compounds are menthol (40-60 %), menthone (20-25 %),
piperitone (0.1-1.5 %), menthofuran, pinene and sabinene. Rosmarinic acid and flavonoids are also found in the
stems.

Peppermint has antispasmolytic, anti-inflammatory, analgesic, antiseptic and cooling effect. Peppermint oil
is recommended for treating gastric, gallbladder,bronchial disorders, cough, cold. Externally it is efficient for
rheumatic problems, itchiness and hives. The leaves and the oil are important materials of food and cosmetic
industry.
1.4

Ocimum basilicum L. - Basil

Ocimum basilicum is an annual, herbaceous
aromatic plant in (Lamiaceae) family (Th). Originally it
is cultivated as a perennial herb in India. Basil has 1016 cm long taproot. The stems are erect, narrow, 4060 cm tall, branched. The leaves are opposite
decusate, usually green, ovate with long stalks. The
flowers borne in compound, loose spikes, they are
white or light pink. The blooming starts at the bottom
of the spike. The fruits are ovate, dark brown,
thousand seed weight: 1.4-1.8 g.
Basil is native to North-West India. It is
cultivated in Spain, Turkey, Italy, Egypt, Pakistan,
Bulgaria and in Hungary, too. Basil grows easily only
warm, sunny places and wet, nutrient-rich soils. In
Hungary it is cultivated in Tolna county, Kalocsa area
(same with marjoram).
Basilici herba, the dried flowering shoot of
the plant is the drug, but the essential oil (Basilici
aetheroleum) is also used.
Basil accumulates essential oil, in the
overground parts the oil content can reach 0.5-1.5 %.
There are several basil types; the differentiation is
based on the essential oil composition. In the
oil of European basil, which is cultivated in
Hungary too, methyl chavicol and linalool are
the main compounds. The African type
accumulates methyl chavicol and camphor,
while Indian basil is rich in methyl chavicol
(80-90 %).
Basil has digestive, carminative,
appetitive, diuretic effect. As a medicinal and
aromatic plant it has been used for a long
time. In the folk medicine gastric disorders
were treated with the plant. Nowadays teas,
tea mixtures are made with the drug for
curing coughs, sore throat, loss of appetite,
distension. Alcoholic extract of basil is
material of mouth and throat irrigations.
Papaver somniferum L. – Poppy
Papaver
somniferum
is
a
herbaceous, annual medicinal plant in
(Papaveraceae) family (Th). Poppy has 1820 cm long, wooden taproot with few lateral
roots. The stem is erected, 50-150 cm tall,
branched on the upper part of the stem. The
lower leaves in the rosettes are oblong,

elliptic, don‟t have stalks. The stem-leaves are alternate, oblong-ovate, the leaf size is smaller on the upper parts
of the stem. The flowers are terminal, 6-12 cm diameter, white with darker (purple) patches on the basal part of
the petals. The fruit is hollow capsule with compartments. The fruit size and shape is diverse. The seed is also
variable, specific to the variety, but usually kidney-shaped, the seed colour differs from white too black. Thousand
seed weight: 0.3-0.6 g.
Papaver somniferum has been known for 4000 years, originates from Anatolia. It is also distributed
through Europe and cultivated on 80-100 thousand hectares worldwide. In Hungary the cultivation is regulated by
the law, the industrial poppy cultivation is coordinated by Alkaloida Vegyészeti Gyár (Tiszavasvári). Two poppy
ecotypes are known (and cultivated) in Hungary. „Spring” poppy‟s vegetation lasts for 120-160 days, the seed
germination is optimal at 7-10 °C, the leaf rosettes frost-tolerance is very low. To the contrary, „autumn” poppy‟s
growing period is longer (250-270 days), germination optimum is 15-20 °C, and the plants overwinter in leaf
rosette phase. Poppy prefers nutrient-rich, neutral soils.
The plant can be utilized in several ways. In India, opium is manufactured from the unripe fruits: after
scratching the capsules, the dried latex is collected for further processing. In the Hungarian Pharmacopoeia VIII.
the dried, powdered (Pulvis opii) and crude opium (Opium crudum) is described. Nowadays the alkaloids are
isolated from the dried capsules (Papaveris caput maturis). The isolation method was elaborated by János
Kabay, famous Hungarian pharmacist. Papaveris caput maturis is one of the most important materials of
Hungarian pharmaceutical industry. In Europe the consumption of poppy seed is widespread, too.
The main active agents of Papaver somniferum are alkaloids, formed from phenylalanine precursors. The
total alkaloid content of the ripe capsules is 0.5-3.5 %, 40 different alkaloids are detected in the plant. The main
alkaloids are: a morphine (0.4-2.0 %), codeine (0.3-0.7 %), thebaine (0.4-0.7 %), narcotine (0.3-1.0 %),
narkctoline (0.1-0.3 %) and papaverine (0.3-1.0 %). Poppy seed doesn‟t accumulate alkaloid, but contains 40-55
% fatty oil and 20-25 % protein.
Poppy alkaloids can be used only in pharmaceutical industry. Morphine has analgesic, euphoric effect,
while codeine is applied against coughs and has mild analgesic effect too. The other alkaloids (papaverine,
narcotine, thebaine, etc.) are also important medicament materials.
Pimpinella anisum L. – Anise, aniseseed
Pimpinella anisum is a herbaceous
annual herb in Apiacae family (Th). The root is
thin, branched, 20-30 cm long. Anise grows to
30-70 cm tall, the stem is erect, covered with hair
slightly. The leaves at the base of the plant are
simple, 1-5 cm long and shallowly lobed have
long stalks, while leaves higher on the stems are
feathery pinnate, divided into numerous leaves.
The flowers are white, 3 mm in diameter,
produced in dense compound umbels, bloom in
July. The fruit is, 3–6 mm long, oblong dry
schizocarp. Thousand seed weight: 1.5-4.0 g.
Anise is native to the East Mediterranean,
Anatolia and Egypt. As an important aromatic
plant it is cultivated in the Southern part of
Hungary. Anise plants grow best in light, fertile,
well drained soils.
Anise drugs are the dried, ripe fruits (Anisi
fructus) and the seed‟s distilled essential oil
(Anisi aetheroleum) mentioned in Ph.Hg.VIII. and
ESCOP-monographs. The seeds have to contain
at least 20 ml/kg, according to the standards.
Anise contains essential oil, in the ripe
fruits the total oil amount can reach 1.5-6.0 %.
The volatile compounds are trans-anethole (80-90 %), methyl chavicol (0.5-6.0 %), alfa-terpineole (0.1-1.5 %),
cis-anethole (less than 0.5 %), anisic aldehyde (0.1-3.5 %), anisil ketone, anisic acid, linalool (0.1-1.5 %). The

fruits also accumulate flavonol glycosides, phenolic acids, furanocoumarins, hydroxicoumarins, fatty oil 18-23 %),
16-20 % protein and 3-6 % saccharids.
Antibacterial, antifungal, expectorant, antispasmolytic, anti-inflammatory, analgesic and sedative effects of
anise are proved. The drug is used as a mild carminative, but also efficient against inflammation of tonsillitis and
rheumatism. Anise is used in confectionery, liqueur
industry.
Rosmarinus officinalis L. – Rosemary
Rosmarinus officinalis is a perennial,
evergreen aromatic shrub in Lamiaceae family (N).
The height of the plant is 0.5-1.5 m. The root and
shoots are branched, wooden. The greyish leaves
are narrow, needle-like, 1.5-4 cm long, 2-3 mm
wide, with entire margins, they are covered with
hair and don‟t have stalks on them. The flowers are
light blue or white, bloom from March to June. The
fruits are light or dark brown, but usually not viable.
In Hungary rosemary is propagated vegetatively.
Rosmarinus officinalis originate from the
Mediterranean: it is native to Spain, South France,
Italy, Dalmatia, Switzerland, Azores Islands,
Canary Islands, Madeira, Corsica and North Africa.
Rosemary is drought-tolerant, grows well in warm,
sunny places. The frost tolerance of the plant is
low, in Hungary rosemary only overwinter in
protected, warm places.
Rosmarini folium, the dried leaves of
rosemary and Rosmarini aethetroleum, the
essential oil distilled from the floral shoots, are the
official drugs in Ph.Hg.VIII. The standards prescribe
12 ml/kg essential oil in the drug and at least 3 %
rosmarinic acid in the oil.
The whole plant accumulate essential oil:
the content is the highest in the leaves
(1.0-2.5 %), floral shoots contains it in 0.51.5 %. Other active substances are
tannins, cinnamic acid derivates (mainly
rosmarinic acid), flavonoids (apigenin,
luteoline and its glycosides), triterpenes
and diterpene bitters. The main volatile
compounds: 1.8-cineol (13-35 %), camphor
(15-25 %), borneol (15 %), bornyl acetate,
pinenes, kamphene and linalool.
Rosemary leaves antibacterial,
antiviral,
antioxidant,
antiseptic,
antispasmolytic,
cholagoge,
hepatoprotective,
anti-inflammatory,
antitumor activities are proved. The
infusion of the herb is applied in gastric
disorders. Internally, the essential oil is
stimulating the blood circulation and
effective against rheumatic problems.
Rosemary oil is used in cosmetics and in
liqueurs as well.
1.5 Salvia officinalis L. - Sage

Salvia officinalis is a perennial, evergreen sub-shrub in Lamiaceae family (N). The root is strong, located
deep under the soil surface, branched. The stem grows 50-80 cm tall, greyish-brown, wooden, in older plants it is
branched. The young stems are cinerary, grey. The leaves are oblong, lanceolate, the lower leaves have stalks,
in contrast with the upper located leaves. The leaf margins are crenate, the leaf surface is covered with hair
densely. The flowers borne in compound inflorescences, the colour of the petals differ from purple, light blue to
white or pink. The flowering time lasts from the end of May, to middle July. The fruits are globular, dark brown
with white patch on them. Thousand seed weight is: 7.6-7.8 g.
Several subspecies are known. A Salvia officinalis subsp. lavandulifolia (Vahl.) Cuatr. has narrow,
lanceolate leaves, its essential oil is free of thujone. Salvia officinalis subsp. minor Gams. has bigger, stalkless
leaves (4-7 cm long, and 1-2 cm wide). Salvia officinalis subsp. major (syn. officinalis) Gams is stronger growing,
with 5-10 cm long, 2-5 cm wide and hairy leaves.
Salvia officinalis is a Mediterranean plant, originates from the Northern coast of Mediterranean Sea. It
grows well on warm, calcic soils. The drought tolerance of the plant is high.
The dried, whole or cut leaves, known as Salviae officinalis folium, are the drug of sage. It is described in
Ph.Hg.VIII., ESCOP- and E-monographs: the minimum essential oil content is 15 ml/kg, in cut drug 10 ml/kg.
Sage contains 1-2.5 % essential oil, with alfa- and beta- thujone (30-50 %), borneol (6-14 %), cineol (1015 %), camphor (6-10 %) and pinene (1-2 %) as main compounds. The daily consumption of sage drug is strictly
limited, because of the carcinogen activity of thujone. The plant accumulates diterpenes, triterpenes, tannins (3-8
%) flavonoids (1-3 %), rosmarinic-, caffeic acid and phenolgylcosides too.
Sage drug has anti-inflammatory, bactericidal and antiviral activity. It is also efficient against abnormal
perspiration, caused by increased thyroid activity or unbalanced nervous system. In folk medicine sage leaf was
used for reduce bleeding (astringent activity), increase biliary excretion and relieve spasms.
Silybum marianum (L.) Gaertn. – Milk
thistle
Silybum marianum is herbaceous,
annual medicinal plant in Asteraceae family/
Carduoideae subfamily (Th). Milk thistle has
taproot, the stem is erect, often branched
1.5-2.5 m tall. The stark leaves stand in a big
leaf rosette, they are stalkless, oblongelliptic, pinnatifid, the margins are thorny.
The leaf surface is hairless, shiny with milkwhite veins. The flower heads are 5-8 cm
wide, ovate, thorny, purple or sometimes
white colour. The flowering time lasts from
June to July. Milk thistle‟s fruit is oblongovate, brown achne with topknot on it.
Thousand seed weight: 22-31 g.
Originally Silybum marianum is native
to South Mediterranean, now it is distributed
throughout the world. In Central Europe and
Hungary, the plant is also intensively
cultivated. Milk thistle prefers warm, sunny
places, grows well on almost every soil
types.
The ripe fruit (Silybi mariani fructus) of
milk thistle is described in Hungarian
Pharmacopoeia VIII. ESCOP- and Emonographs also mention the drug as Cardui
mariae fructus (Milk Thistle Fruit). The standards require at least 1.5 % silybinin (silybin) in the fruits.
The therapeutic effect of milk thistle is caused by the flavonolignanes of the fruit pericarp. This
substances occur in 1.5-3.0 %, and known as silymarin complex (silybinin, silydianin, silychristin). The drug
contains flavonoids (taxifolin, quercetin, kaempferol, apigenin), fatty oil (20-25 %), sterols, mucus too.

The active substances of Silybum have anti-inflammatory, antioxidant, radical-scavenging, hepatoprotective
activity. The mebrane lipid stabilisation effect is also proved. It is used in cases of liver diseases (cirrhosis,
hepatitis) and claimed to protect the liver against poisons. In folk medicine it was used for healing jaundrice and
increase lactation.
Sinapis alba L. – White mustard
Mustards species are annual, herbaceous
plants, belonging to Brassicaceae family (Th).
White mustard‟s synonymous names are Brassica
alba and B. hirta. It grows 50-80 cm tall, and has
thin taproot. The leaf arrangement is alternate, the
leaves are pinnatifid, stalked. The stem and the
leaves are covered with hair. The yellow flowers
bloom in racemes. The fruit is swollen, hairy, 34mm wide, 2-4 cm long, perpendicular to the flower
stem. The fruit contains 3-6 yellow, globular seed
2-3 mm in diameter. Thousand seed weight: 4-8 g.
The other cultivated mustard species can be
differentiated by hairiness, fruit and seed
morphology. Indian mustard (Brassica x juncea)
has smooth stems, the fruits are often reddish from
the accumulated anthocyanin and they stand in 3040 ° compared to the stem. The seeds are reddishbrown. Black mustard‟s (Brassica nigra) fruits are
shorter, flatted on the stem. The seeds are small,
dark-brown or black.
Sinapis alba originates from the
Mediterranean region, West Asia. Mustard species
are known since antiquity, to Europe they were
carried by Arabians. Nowadays mustard species are cultivated throughout the world.
White mustard drug is the seed: Sinapis albae semen.
Sinapis albae seeds contain mustard glycosides -which are contain nitrogen or sulphur- such as allyl
isothyocyanate (sinalbin). These glycosides are decomposing to allyl mustard oil (0.5-1.7 %) in presence of water
and myrosin enzyme (in saliva). This chemical reaction causes the pungent taste and smell of mustard. The seed
accumulates essential oil (0.2-1.0 %), fatty oil (30-40 %), mucus, protein (40 %) and phenil-propane derivates
(sinapin) too. The plant contains toxic agents, such as erucic acid.
Mustard seed is an important spice, used by the food industry, known and popular worldwide. Internally,
consumed as spice, mustard has appetitive effect. Externally, mustard pulp increases blood circulation, causes
local plethora and relives pain.
Thymus vulgaris L. Thyme
Thymus vulgaris
is a low growing subshrub in Lamiaceae
family (Ch). The roots
and lower shoots are
wooden, the stems are
erect, 20-50 cm tall. The
small, lanceolate leaves
are opposite decusate,
dark-green.
The

marginals are entire, wrapped. The flowers bloom from May to June, the flower colour differs from white to pink
or light-purple. The seeds are very small, dark-brown, thousand seed weight: 0.25-0.28 g.
Thymus vulgaris is a characteristic Mediterranean species, originates from the North-West coasts of
Mediterranean Sea. In Hungary, thyme is not native, but often planted in gardens and sometimes occurs wildly
on calcic, well drained soils in warm, sunny places.
Thyme‟s drug, which is official in Hungarian Pharmacopoeia VIII. is Thymi herba. The drug consists of the
dried flowering shoots (the stems are separated) of Thymus vulgaris or T. zygis, or both species. Pharmacopoeia
describes 12 ml/kg essential oil content with 40 % phenolic monoterpene in the drug. The volatile oil of thyme is
also important, Thymi aetheroleum. The oil is prescribed to be distilled from the fresh, overground parts of
Thymus vulgaris, T. zygis, or both of them. Herba and aetheroleum are mentioned in ESCOP-, E- és WHOmonographs too.
Thyme‟s most important active agent is essential oil, the amount is 1.0-2.5 %, the major constituent is
thymol (20-75%). P-cimol, gamma terpinene, geraniol, linalool, alfa-terpineol, carvacrol and thujanol can be main
compound too. The herb contains cinnamic acid derivates (rosmarinic acid, caffeic acid, chlorogenic acid,
coumaric acid, ferulic acid), flavonoids (apigenin, luteolin and their glycosides) and triterpenes (ursoic acid,
oleanolic acid).
Thymi herba has strong antibacterial, antiviral, antifungal, antioxidant and spasmolytic activity. Thyme
infusion is one of the most frequently used antisepticums and spasmolyticums against bronchial diseases. The
herb has effect on gastric organs too: digestive, carminative, and anthelmintic. The alcoholic extract is used
against skin fungus. Fragrance and liqueur industry uses Thymus essential oil. Last, but not the least, Thymi
herba is one of the most important spices
of Mediterranean cuisine.
Valeriana officinalis L. - Valerian
Valeriana officinalis is a herbaceous,
perennial medicinal plant in Valerianaceae
family (H). In the first vegetation year only
the leaf rosettes grow, from the second year
the flowering stems also appear. The
rhizomes are short, cylindrical with several
spindle-shaped, white lateral root (15-20 cm
long, 2-5 mm thick). The stem is erect, it
can reach 140-200 cm, hollow, striated, on
the upper parts branched. The leaves are
odd-pinnate, serrate, on the lower parts of
the plant has long leafstalks, on the upper
parts has shorter stalks. The inflorescence
is terminal, branching umbel-like. The
flowers are white or pink with a pleasant
odour. The fruit is small, drop-shaped, lightbrown achne with topknot. Thousand seed
weight: 0.5-0.6 g.
Valerian is native to Europe and
parts of Asia, in Hungary it grows wildly
too. The seeds need light during the
germination. For the best yields valerian
needs lot water and nutrient-rich, well
drained soil.
The drug (Valerianae radix) consists
of the cleaned and dried rhizome and root
of the herb (Ph.Hg.VIII., ESCOPmonograph). As it is prescribed, the whole drug contains 4 ml/kg essential oil, 0.17 % valerenic acid, while the
cut drug contains 3 ml/kg essential oil and 10 % valerenic acid.
Valerian drug contains 0.4-0.6 % essential oil (mainly with monoterpene compounds, such as borneol and
sesquiterpene ketones, acids), valepotriates (0.5-1.5 %) and further sequiterpenes (valerenic acid, hydroxi,
acetoxi valerenic acid, valerenal, valeranon).

The active agents of the herb have sedative, spasmolytic effect. The drug is consumed in form of teas,
tea-mixtures, combined with lemon balm, hop. Valerian is used for sleeping disorders, restlessness and anxiety,
and as a muscle relaxant. The volatile oil, distilled from the roots is also applied. In rare cases, valerian may
cause an allergic reaction, typically as a skin rash, hives, or difficult breathing.
1.6 Verbascum
phlomoides L. Mullein
Verbascum
phlomoides is a biennial
(sometimes
annual),
herbaceous
plant
in
Scrophulariaceae
family
(TH-Th). The root is thick,
not branched. In the first
year of vegetation only the
leaf rosettes develop. The
leaves are 20-30 cm long,
lanceolate, the marginals
are crenate. The flower
stem develops in the
second year, it is 1.5-2.0 m
tall, covered with hair. The
leaf
arrangement
is
alternate on the stems. The inflorescences are decorative, terminal spikes, the florets are yellow. The flowering
starts in June and lasts till August. The flowers are blooming in early dawn. The fruits are capsules with lot, brown
seeds in it. Thousand seed weight: 0.08-0.80 g.
Verbascum phlomoides is a cosmopolitan plant species, distributed through Anatolia, North Africa, North
America, Europe. In Hungary, it is common in oak forests, pastures, often as a weed. Mullein needs lot light;
otherwise it is drought-, and cold tolerant.
Official drug of mullein is Verbasci flos, which consists of the dried petals and the unseparated stamens.
Both are mentioned in Ph.Hg.VIII. and in E-monographs, according to the prescribes not only Verbascum
phlomoides, but Verbascum thapsus L. and Verbascum densiflorum Bertol. can be collected, too. Mullein leaf
(Verbasci folium) is also known and used as herbal drug.
Mullein‟s main active agents are polysaccharid mucus (3 %) and its derivatives, flavonoids (1.5-4.0 %),
caffeic acid derivates, saponins (verbascogen), saccharids (10-11 %), iridoid-monoterpenes (aucubine) and
carotinoids (erocetin).
Mullein drug has antiviral, antibacterial, expectorant activity. It is applied in teas, tea mixtures for healing
cold, sore throat, catarrh.

