CORVINUS UNIVERSITY OF BUDAPEST
FACULTY OF HORTICULTURAL SCIENCES
DEPARTMENT OFMEDICINAL AND AROMATIC PLANTS

PRODUCTION BIOLOGICAL EVALUATION OF VERBASCUM PHLOMOIDES
L. AND SALVIA SCLAREA L. BIOTYPES OF DIFFERENT LIFE -CYCLE

THESIS OFPHD DISSERTATION

ZSOFIA BODOR

SUPERVISOR ZAMBORINE DR. EvA NEMETH
DOCTOR OF THEHUNGARIAN ACADEMY OF SCIENCES

BUDAPEST
2007



The background and the aims of the research

Cultivation of medicinal plants is increasing comgghto the traditional collection from wild
habitats. In Hungary, two-third of the drugs (ab@6t35.000 tonnes per year) are produced in
cultivation. In line with the increasing requirent@nfor quality control and environmental
protection in recent years, there has been a gmpteimdency in the introduction of species. Besides
intensification of the cultivation technology, tpeofitability of production is ensured by suitable,
controlled biological basic material with high yelg potential. Bearing this in mind, in several
countries great efforts have been made to breesufdr new varieties.

Production can be enhanced by increasing the fataloable plant raw used as drugs, as
well as by increasing the regeneration ability amdividual biomass production AKIBORINE,
2003). There are several examples known from bethdomestic and international practice of
medicinal plant production proving the success ttgnapts in which annual (Th) types growing
reproductive organs already in the first year wasained from biennial (TH) and perennial (H)
species. Such varieties and selected populationsbeaencountered in several plant families.
Among the species belonging to tApiaceae family, attempts have been made to obtain annual
caraway Carum carvi) in order to increase yield, maximise land use] amhance carvone-
production in all major producing countries, whéte major part of production by now is reached
with annual varieties @ik and QILITZSCH, 1996; ToxoPEUSand LUBBERTS 1998; TRAUTWEIN,
2007). Obtaining productive genotypes with shotifcycle by introducing wild species into
cultivation has also proved to be a task of higlponance, forwhich the orange mullein
(Verbascum phlomoides) with anticatarrhal properties is a good examplee profitability of clary
sage falvia sclarea), which - due to its essential oil content - po®s valuable material for the
fragrance industry, is to be enhanced by seledtig ecotypes flowering from the first year
(LAWRENCE, 1994).

However, the shorter juvenile stage and the fadexelopment in the above-mentioned
species raise difficulties, parts of which can bet foreseen, and which question the required
increase itself in biomass and active ingredientipction. Therefore, according to the experiences,
biotypes shortening their rosette stage often predower yields or lower active substance content
(ZAMBORINE and TETENYI, 1990; SABNE and NEMETH, 2000). Despite the fact that such facts may
doubt the success of works intended to producesanead annual ecotypes, the afore-mentioned
phenomenon has not hitherto been examined sceallyfi Therefore, in the laboratory and field

trials our aims were to clarify the questions db:



= to what extent do the annual and biennial typefedifrom each other regarding their
physiological (germination, frost tolerance, flowgr rate, vernalisation requirements),
phenological (growth rate, flowering dynamics), ¢wotion (yield) and phytochemical
(active ingredient content) characteristics and kbovihese properties range;
= how do ecological factors (growing site, year) uefhice the production of the annual and
biennial types;
= s it possible to influence the effects of ecolagjifactors by technological practices (sowing
time) optimally?
The aim of my research was to find answers to theeanentioned theoretical and practical
guestions, by using/. phlomoides and S sclarea —two medicinal plant species belonging to
different plant families and grown in Hungary— asdal plants.



Material and methods

The experiments were carried out at the experinhstation of the Department of Medicinal
and Aromatic Plants of the Corvinus University afdapest in Soroksar and at Teichmann Station
of the Agricultural Research Centre of the Univigreif Debrecen, in Kisvarda between 2002 and
2005.

The seeds of annual and biennfaphlomoides andS sclarea (Table 1) were sown in open
field plots in both cultivation sites. Seeds wellgtained from the selected populations of the
previous year, and also from collection. Pre-sowsegd treatment (freezing) was only performed
in the bienniaV. phlomoides in order to enhance germination. For this reasends were kept in

plastic bags in the deep freezer for about two week

Table 1: Seed parameters of tested plant species

life form |variety/population/line origin germinating capacity
: AT variety maintenance, 0
Verbaseum annual Napfény’ variety Soroksar >90%
phlomoides biennial see_ds coIIecte_d from Pestszentimre 60-80%
wild population
1 year old strain selection
: : L] >809
Salvia annual selected from *Akalr’ Soroksar 80%
sclarea biennial 'Akali’ variety variety malnt,enance ’ >80%
Soroksar

Seeds were sown in drills in all three years ofingsand at both cultivation sites, 3 times in the
autumn and 3 times in spring. In casesodclarea in Soroksar in 2002-2003, seeds were only sown
in March (Table 2).

Table 2: Times of sowing in situ in the years of the exaations
(Soroksar and Kisvarda, 2002-2005)

Soroksar Kisvarda
2002-2003 2003-2004 2004-2005 2002-20P3 2003-2004004-2005

1. | 04.09.2002.| 26.09.2003. 06.09.2004. 05.09.2002. 0922003.| 07.09.2004.
2. | 02.10.2002.] 13.10.2003. 29.09.2004. 03.10.2002. 101%003.| 30.09.2004.
3. | 30.10.2002., 24.11.2003. 27.10.2004. 06.11.2002. 110%003.| 14.10.2004.
4, | 19.03.2003.] 18.03.2004. 19.03.2005. 26.03.2003. 0322004.| 29.03.2005.
5. | 03.04.2003.] 06.04.2004. 05.04.2005. 10.04.2003. 040%004.| 12.04.2005.
6. | 16.04.2003.| 16.04.2004. 15.04.2005. - 19.04.2004. -

The plot size of the plant populations was 1®imSoroksar, and 5 frin Kisvarda, and

plots were divided by routes of 0,5 m. Row spaceuag 50 cm, and plant density (planting space of



25-30 cm) was adjusted in the second decade of BMashinning the plants at the stage of 6 true
leaves. Thus the optimal number of plants/plot \ehsut 80 in the 10 fplots. During the
vegetation period continuous mechanical weed cbmtes applied. The necessary water supply
(depending on the weather conditions) was provildgdtrickle irrigation in Soroksar, and by
sprinkler irrigation in Kisvarda.
In early spring, complex fertiliser (Genezis, N:R¥:15:15) was applied to the plots in a dosage
of about 48 g/rh
Pest control was necessary \fn phlomoides populations, primarily against the larvae of
Nothris verbascella (Denis & Schiffermuller, 1775)Gelechiidae family), which damaged the
rosette leaves in early spring. After the appeaarfcthe larvae, a 0,2-0,3% solution of Unifosz
50EC with dichlorfos active agent was sprayed e@ety) days, 3 times.
In both sites, a two-variable test was carried examining the following characteristics in
each sowing time in both life forms:
= initial growth rate: assessment at the end of November and the begimfitay, 25
plants/plot, measured parameters: diameter ofgokdr (mm), length of biggest leaf blade
(cm), number of leaves (nr),
= plant density: assessed in May, frost tolerance in plots wheeds&ere sown in autumn:
the rate of all (overwintered) plants/plot compatedthe adjusted number of plants/plot
(about 80 plants/plot) in %; in plots where seedsensown in spring: the rate of all
(emerged) plants/plot compared to the adjusted eurmbplants/plot (about 80 plants/plot)
in %,
= flowering rate: evaluation throughout flowering period, rate ofwkring plants compared
to all plants in plot in %,
= flowering dynamics: assessed weekly in vegetation period, rate of dtowg plants
compared to all plants (except in Kisvarda in it fyear),
= production: samples fronV. phlomoides were handpicked without calyces throughout the
period of full flowering, every 2-3 days, in the mimg hours. Samples were spread out in
thin layers on drying frames. Due to the unavoidatbdwer dropping, the production of
plants can only be measured indirectly. 50 of theddcorollae were weighed, from which
the average weight (g) of a corolla was calculatedutumn (September-October), after the
deflorescence of the plants, the fruits on the #éowtalks were counted (nr/plant, 10
plants/plot), from which the number of flowers puodd on a plant during the vegetation
period was estimated. Multiplying the average dmight of corollae by the number of
fruits, the drug production d¥. phlomoides per plant (g/plant) was calculatefl. sclarea
was harvested about 10 days after full flowerimgthe morning hours, cutting the stem
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under the first leaf pair below the flower stalkheTweight of fresh flowers (g/plant) was

measured in 10 plants/plot. Taking freezing dansagkthe rate of flowering into account in

each plot, the yield per plant was calculated fon®lthus obtaining the yield per plot unit

(g/m).

In order to examine the effects of life form, sogvitime and growing site, the content of
active ingredients was measured in the laboratbthe® Department of Medicinal and Aromatic
Plants at the Corvinus University of Budapest. tthbspecies this was carried out by using
representative samples collected from each pldbrige repetitions, according to the specifications
of the VII. Hungarian Pharmacopoeia (PhHg. VII.,.8&P being in force at the time of the
experiments.

The mucilage contentof the V. phlomoides drug was determined by measuring viscosity
(ml). (The drug samples of the biennial populatsmwn in March 2003 and those of the annual
plants sown in April were damaged Blodia interpunctella to such an extent that measuring could
not be performed.)

In case ofS sclarea, fresh flowers were prepared (cut) in Soroksar tfex laboratory
examinations and on the same day the essentiakasl distilled from the fresh samples. The
extraction of essential oil from the fresh flowedlected in Kisvarda was not possible, and as a
consequence the dry samples were examined. Oihatixtn was obtained by Clevenger steam
distillation. Theessential oil contentvas calculated regarding 100g dry weight contett1(@0g).

The mainessential oil componentssuch as linalool, linalyl acetate and sclaredl,.So
sclarea were determined (%, v/v) with capillary gas chroogaaph (6890N GC Aglient
Technologies) equipped with flame ionisation dete¢EID). The parameters were the following:
HP-1 capillary column of 25 m X 0,2 mm, film layef 0,33um, injector (split: 50:1). Temperature
programming: 50°C (0,5 min), 250°C (4°C/min), 2505 min). Nitrogen was the carrier gas, and
for flame ionisation a hydrogen generator and ac@npressor were used. 1ul of essential oil was
injected and analysed in a programme of 75 min,revtiee components were determined by
standards, using peak detection method.



Results and conclusions
Verbascum phlomoides

On the basis of the examinations carried ousanoksar for three consecutive years, it has
been concluded that the annual ‘Napfény’ varietyl dhe biennial ecotype differ in most
characteristics tested. Regarding their physiologyy their frost tolerance is similar (in leaf edte
stage with 2-4 true leaves), whereas their germanatharacteristics (which influence population
density) and flowering rates are different. Witlspeect to their phenological characteristics, they
showed difference in both their growth rate andvlang dynamics. It has been observed that the
inflorescence of the annual ‘Napfény’ precedes tiahe biennial ecotype by 8-10 days, even if
germination times are the same. Also in produc{amg yield per plant and per unit area) and
phytochemical (mucilage content) characteristicsog @ ET AL, 2006a), stable, heritable
differences have been found between the two bigtypkese results reflect that the two ecotypes
represent differentonvarietas of the species. Therefore it is suggested thatcthgvated stable
annual type should be namedvasbascum phlomoides convarietasannua ‘Napfény’.

In the open field trials it has been verified thmathe annual ‘Napfény’ variety, sowing time
influences the growth-rate, flowering rate in plstswvn in spring, flowering dynamics and drug
yield per unit area. With regard to the active samhse content, the drug samples originating from
the populations of the annual variety reached pleeiied amounts. According to the results, it can
be stated that the optimal sowing time for the etgris the end of October, late November (pre-
winter sowing) or mid-March. Sown at these timé®, population density of the annual variety is
optimal, and due to its maximum (100%) flowerinterd produces the highest yield of drugs (202-
263 g/nf), the quality of which complies with the speciticas (viscosity: 8-11,8 ml).

The impact of sowing time on growth-rate, flowerithgnamics and drug yield per unit area
has also been detected in the biennial populafienording to our experiences, in case of spring
sowing seed germination is highly unstable (despretreatment by freezing), thus it should
definitely be avoided. From the viewpoint of prabtlity, however, autumn sowing can be
favourable, as population density and flowering riatthe plots were found to be appropriate, the
plants behaving like overwintering annuals. Themefio is suggested that to describe the life form
of V. phlomoides, the dual denomination of TH (biennial)-Th (overvanhg annual) be used.
According to our data, its optimal sowing times &eptember, early October or late November
(pre-winter), after which it reaches high vyields diigs (128-228 g/f) and quality (mucilage
content: 9,4-13,3 ml) specified in the Hungariaatfacopoeia.



It has been proved that the vegetation year saamfly influences the majority of the
characteristics tested. However, there is diffeeebetween the ecotypes also in this respect: the
yield of the selected annual variety is less semsito the effect of year (in case of the afore-
mentioned optimal sowing times its drug productmreeded 200g/fmevery year), but in its
mucilage content it is less stable compared tdibenial ecotype.

The results obtained iKisvarda verify that the two biotypes differ from each athie
several characteristics. Differences were obsenvable germination characteristics, in population
density and drug yield, the latter two being inflaed by the first. The annual ‘Napfény’ starts
inflorescence earlier than the biennial type, is irowing site too.

According to the data we established that in Kidgasowing time influences mainly
germination and phenological characteristics ofaheual variety. On the basis of its production it
can be stated, that in Kisvarda, apart from Sepéejribcan be successfully grown at all sowing
times, with maximum (100%) population density alwvering rate, and with a more or less steady
yield in drugs. These results coincide with thasesorokséar, according to which the variety is a
stable annual plant. In this growing site it was®ved that overwintering is not sure in all
phenological phases. Moreover, the growing site feamd to have an effect on the mucilage
content; under the circumstances in Kisvarda, taity of drug highly depends on the year, in
most cases not reaching the specifications of hagrRacopoeia.

In case of the biennial population, the sowing tim&isvarda influenced its frost tolerance
and flowering dynamics of the populations sown utuann. According to our experiences, in case
of spring sowing germination is highly unstablex(garly to Soroksar), and, consequently, spring
sowing should be avoided. Therefore the optimalisgwme is from mid-October until November.
Sown during this period, the biennial biotype ie tlollowing year produces high yield of drug
(206-416 g/rf), the quality of which, however, depends on theryenucilage content: 7-11,8 ml).
The trials carried out in Kisvarda verify the obsgrons on the life form of the biennial population
in Soroksar, according to which in case of autummisg it behaves like an overwintering annual
(Th).

It has been found that the growing site signifibanihfluenced the majority of the
characteristics tested. Out of the physiologicabpprties, only the germination characteristics were
the same in the two growing sites, and out of thenplogical ones, they were similar in flowering
dynamics. However, the effect of the growing siswbvious in the fact that vegetative growing
in almost all plots in Kisvarda started 2-3 weebdier than in Sorokséar. By and large, in Kisvarda
yields were higher and more stable than in Sorokdawever, the active substance content of the

drug samples in the first was lower than in theetat



Based on our results, it is proved that the spe@asts differently to the effects of year in
the different production sites. Regarding the yiatdl quality of its drugy. phlomoides has been
found to be highly sensitive to the effects of ygathe northern part of the country. In the middle
of the country (in Soroksar), however, -presumahlg to the more extreme weather conditions -,
the year effect was lower.

It has been concluded that in several charactesifitie two ecotypes reacted to the different
-predominantly climatic- conditions in different y& and, as a result, their different tolerancellev

to environmental factors is verified.
Salvia sclarea

Based on the trials carried out Boroksar for three consecutive years, it has been
concluded that the annual biotype and the biertAihli’ variety differ in most characteristics
tested. Regarding their physiology, only their geation rate is similar, whereas their frost
tolerance and flowering rate are different. Withpect to their phenological characteristics (growth
rate, flowering dynamics) they showed similarityhil® they differed in their production and
phytochemical characteristics. The clary sage i selected for first-year flowering represents
a newchemovarietas of the species, with a chemically stable diffeeefrom the base species.

According to our results, sowing time affects thevgh rate, frost tolerance, flowering rate
in the plots sown in spring, flowering dynamics dresh drug yield per unit area of the selected
population. The optimal sowing times for the anriiatype are late November (pre-winter sowing)
or mid-March. Sown at these times, its populati@mgity and flowering rate are at maximum
(100%), and although its fresh drug yield (609-2585¢) and active substance content (essential
oil content: 0,26-0,41 ml/100g) highly depend oe ylear, they are satisfactory. Its further selectio
is needed. One of its advantages is that its sitlaoatent exceeds that of the biennial ecotype.

In has been proved that the date of sowing inflaenithe growth rate, frost tolerance,
flowering rate, flowering dynamics and fresh drugld per unit area of ‘Akali’ variety. It has been
known for a long time that the cultivation of thiemial type is reliable and profitable. However, i
our experiments it has been found that it can bésgrown as overwintering annual (Th). In case of
pre-winter sowing (October or the end of Novembgrjeaches outstanding yields (more than 2
kg/m?) already in the next summer, and its essentiataitent (more than 0,5%) is similar to that
of the samples obtained from the traditional twafyeultivation (BODOR ET AL, 2006b).
Economical advantage of growing it as annual ouwaeving plant, is that it only occupies the land

for one year.



The results obtained iKisvarda verify those of Soroksar. The two biotypes diffesrh
each other in their frost tolerance and floweriages, but their germination rates is similar. With
respect to their phenological characteristics (ghovate, flowering dynamics) they are similar,
whereas they differ in their yields and active sabse contents, which confirms that the clary sage
population selected for first-year flowering reets a nevehemovarietas of the species.

In our field trials it has been found that sowingd affected the growth rate, frost tolerance,
flowering rate and flowering dynamics of both eqsy, but did not influence the biomass
significantly. Although the effect of the sowingné on essential oil content is statistically prqved
its tendency in each vegetation cycle is not comseq

Based on our results, the optimal sowing dateshi®rannual ecotype is the end of October,
beginning of November (pre-winter) and mid-Marclow@ at these times, it reaches a population
density of 70-100% and maximum flowering rate (100%s fresh drug yield (1960-2392 ¢fm
and active substance content (essential oil can@®eh®-0,37 ml/100g) are of medium level and
depend on the year.

The possible cultivation of 'Akali’ variety as oweintering annual (Th) has been verified in
Kisvarda too. In case of pre-winter sowing (mid-@xxr — late November) it produces high yields
(1768-2322 g/f) and favourable essential oil content (0,29-0,54.00g) already in the next
summer.

It was established that the effect of the produnctite significantly influenced the majority
of the characteristics tested in the clary sageuladipns. However, it has been concluded that
although in several characteristics the two ecayeacted to the different climatic conditions of
the sites in different ways, the effect of the bidgel the same impact on both biotypes.

The annual and the biennial ecotypes were onlylairm the two production sites in their
germination and growth rate. However, the frostr@mhce of the selected population as well as the
population density were low in both growing sitescomparison, the frost tolerance of the biennial
type differed in the two sites: plants sufferedagee frost damage in Kisvarda, where the climate is
cooler. The flowering rate and the flowering dynesmf the two ecotypes were different in the two
growing sites, and the inflorescence of both easgypommenced 1-2 weeks earlier in Kisvarda
than in Soroksar. Regarding the fresh drug yieldymit area, in most cases both biotypes reached
higher yields in Kisvarda, which is probably doverthe more frequent and abundant rainfalls.

The reactions of each biotype to the effects of yaare predominantly the same, with the
exception of their characteristics of germinatiamidgy (germination rate) and essential oil content
where the influence of the year could not be vediifiThe flowering rate predominantly influences

the success of cultivation, however, it was higiffected by the year at both growing sites.
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Comparison of the two model species

Based on our results, both similar and differergtrabteristics and reaction forms have been

described between the two species.

They can be considered as similarespect that their selected annual types astatie Th

form. Even these biotypes require vernalisation tfeg induction of flowering, but probably
guantitatively less than the base species. Tharegants for the induction of flowering of orange
mullein and clary sage are probably quite similBoth species are of qualitative (obligate)
vernalisation requirement, with the cold effectitngk place even above freezing point, with a
maximum at about 15°C. In seedling stage, bothypes of the two species react differently to the
winter cold, the annual form being more sensitddso the two types of orange mullein and clary
sage differ in their level of active compound acatation. The phenomenon of life-form transition
can be observed in the biennial types of both gsethus winter sowing can be applied, resulting
in flowering of the biennial plants as early aghe next summer. The optimal dates of sowing of
the two types of the two species are different.sTho accordance with the afore-mentioned, the

differentiation of the ecotypes of the two speeiesonvarietas level is well founded.

It has also been found that the germination charistics of the two plant species examined
are different The germinating power of clary sage is greater @mergence is more uniform, while
the germination of the biennial type of the oramgalein is unsteady. The frost tolerance\of
phlomoides is fundamentally better, since it is a native sggowvhileS. sclarea is of Mediterranean
origin. TheS. sclarea ecotypes show similar growth dynamics, but theettgyment rates of the two
types of V. phlomoides are different. Considering production, the diffeze between the two
biotypes ofV. phlomoides is unstable, whereas it is quite remarkable inctme ofS sclarea types.
The effect of year are realised for the t&alvia types in a similar way, while there are greater
differences in the reactions of the tWerbascum types. While the climatic effects of the produntio
site influence the two types of clary sage in alpminantly similar way, they affect the annual and
biennial types of orange mullein differently.
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New scientific results and recommendations for prace

Based on our research conducted between 2002 &% @@ following new scientific and

practically valuable results have been achieved:

» The effects of sowing date and production site lan ghysiological, phenological, production

and phytochemical characteristics of the differifietform types ofVerbascum phlomoides

have been compared in a systematic series of exeets for the first time.

It has been proved that there are significant ifiees between the physiological
characteristics of the annual and biennial typetheforange mullein. The germination of
'Napfény’ variety was faster and more uniform, whithat of the biennial type was
extremely unsteady in case of spring sowing. Tteeeno earlier literature data on the
germination biology characteristics of the spec{@snsidering the date of flowering it can
be stated that 'Napfény’ is constantly annual. Auwtusowing facilitates the first-year
flowering of the biennial type, but in case of antusowing, the induction of flowering is
uncertain. Therefore, the orange mullein is a gseof qualitative (obligate) vernalisation
requirement. The cold effect takes place even all@ezing point, its upper limit being
around 18C. The two biotypes differ also in their phenol@gi¢growth rate, flowering
dynamics) properties: the growth of 'Napfény’ véyies faster and its flowering takes place
earlier than that of the biennial type. The differe between the production characteristics
(drug yield per unit area) of the two genotypesrnistable; it is predominantly influenced by
the date of sowing and the year-effect. The difieeebetween the phytochemical properties
of the two types is proved and clear: the mucilegaent of the drug of the biennial type is
higher. According to our results, inheritable andbke differences can be pointed out
between the two types, thus their differentiat@nconvarietas level is well founded.
Therefore it is suggested that the cultivated starinual type be defined &grbascum
phlomoides convarietasnnua ‘Napféeny’.

The results of the field trials have proved tha ttate of sowing affects the growth rate,
flowering dynamics and drug yield of both typedlu# orange mullein. The optimal sowing
times for the annual 'Napfény’ variety are in eaninter (pre-winter sowing), or in early
spring, while the biennial type produces high ysetmhly if sown in the autumn. Since the
phenomenon of life form transition in the bienrtigbe has been proved in case of autumn
sowing, besides the TH (biennial) definition\afphlomoides the use of Th (overwintering

annual) is recommended.
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On the basis of our results it has been conclubet lioth ecotypes were affected by the
production site. Out of the physiological charasters, only their rate of germination, while

among the phenological properties, only their flomg dynamics were identical at the two

production sites. The effect of the production sitdy manifested in that the generative
phenological phase commenced 2-3 weeks earlieriguakda than in Soroksar, in almost
every case. Differences in the important productigerameters (drug vyield, active

compound content) were also recorded. Yields irvéida were greater and more uniform
than in Soroksar. However, the active compoundesunif the drug samples from Kisvarda
was lower than that of the Soroksar samples. Mguido be a site-specific characteristic that
the frost tolerance of the annual type was loweKisvarda: in case of September sowing
the plants perish from frost.

» The effects of sowing date and production site lan ghysiological, phenological, production

and phytochemical characteristics of the annual l@adnial life-form ofSalvia sclarea have

been compared also for the first time.

It has been proved that there is a difference batwtbe frost tolerance and the first-year
flowering rate of the annual and biennial typesclairy sage. Among their physiological
properties only their germination characteristics alentical. The frost tolerance of the
biennial type is definitely better than that of thype selected for annual life form. However,
the proportion of plants developing inflorescentéhie annual type is higher than that of the
biennial type. The clary sage requires vernalisatiout this does not necessarily mean
freezing; though a temperature around 15°C is fhgeulimit of the induction range. The
phenological properties of the two types (growtheraflowering dynamics) can be
considered the same, but they differ in their pobiden and phytochemical characteristics. In
case of autumn sowings, the fresh yields of tharba type were higher, and its essential
oil contents were significantly higher in all sogitimes. The clary sage population selected
for first-year flowering represents a netiemovarietas of the species.

In our field trials it has been proved that theedat sowing affects the growth rate, frost
tolerance, flowering rate, flowering dynamics amdgdyield per unit area of both ecotypes
of the clary sage. There was a difference betwhentwo types in their optimal sowing
dates: the highest yield can be obtained by préewior early spring sowing in the annual
type, and by autumn (especially pre-winter) sowmthe biennial type. The phenomenon of
life form change has been proved in the biennipktin case of autumn sowing. Thus,
besides the TH (biennial) definition & sclarea the use of Th (overwintering annual) is

recommended.
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Based on our results, we proved the definitive atffef production site on the plant
characteristics. Only the germination charactesstind the growth rate were the same at the
two production sites.

> By the scientific description of the life form tygpef the orange mullein and the clary sage, our

results provide a good basis for the improvemenfradt tolerance, flowering time, active

substance content, as well as for the establishofemtw genotypes and candidate varieties by

plant breeding.

> For the practice, our data serve as a basis fomipeovement of the production potentials of

these plant species by agrotechnical methods. Hrexperiments, the optimal sowing dates of

Verbascum phlomoides and Salvia sclarea have been determined at both production sites for

commercial production.

The optimal sowing dates for 'Napfény’ variety inr8ksar are the end of October and late
November (pre-winter sowing), or mid-March. Sowrtlase times, the vegetation density
and the flowering rate of the variety is at its maxm, producing the highest drug yield and
the quality of the drug fulfils the requirementstbé Pharmacopoeia. With the exception of
September, the variety can be successfully gronemgtsowing dates in Kisvarda; 100%
vegetation density and flowering can be obtained, its drug yield is fairly uniform. The
disadvantage of the production site in Kisvardahat the quality of the drug is heavily
affected by the year, and in most cases it doesreath the required level of active
compound content.

According to our results, autumn sowing is favolgadt both sites, since the vegetation
density and the flowering rate proved to be appabdgr Thus, the optimal sowing dates are
early October or late November (pre-winter sowing)prder to obtain good quality and
ample drug yield.

At both production sites, the optimal sowing tineéghe annual clary sage are late October
and late November (pre-winter sowing) or mid-MarSlown at these dates, the vegetation
density and the flowering rate of the selected paimn are at maximum. Although the
fresh yield and active compound content are greaffgcted by the year, they are
satisfactory.

The 'Akali’ variety can also be grown as an oven@rmg annual type. In case of pre-winter
sowing (mid-October — late November), it producightyields and essential oil content in

the next summer.

> Based on the results of our experiments, it castéied that the appearance of the different life

forms of the two species belonging to distinct figasi shows species-specific characteristics,

and thus, most of the conclusions can not be gkreda
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