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1. HISTORY OF THE WORK, OBJECTIVES

Lavender, although a medicinal plant from European Mediterranean regions, has been
cultivated and used for drug production across the world (Bulgaria, France, Spain, Portugal,
United Kingdom, China, Australia, United States of America, etc.). Lavandula angustifolia
(true lavender) and Lavandula x intermedia (hybrid lavender) species are the best known in
cultivation in Hungary. The latter is a spontaneous hybrid of L. angustifolia and L. latifolia.
In addition to the traditional use of lavender as a sedative, antispasmodic and digestive
stimulant, the growing demands of the pharmaceutical, perfume, cosmetic and, more recently,
the food industry justify the production of its drugs in extensive production areas (Bernath,
2013). The list of the diverse therapeutic indications of the plant is also extensive, and an
increasing number of research projects confirms the sedative effects of its essential oil helping
the process of falling asleep (Svab et Heltmanné, 2000;). Its great advantage is that its
medicinal use is safe in therapeutic doses and has fewer side effects than other synthetic
sleeping pills and sedatives (Bosz6rményi, 2018).

Demand for high-quality, safe and efficient essential oils has increased among both growers
and customers and this results in the use of the appropriate lavender varieties and the
introduction of modern and sustainable cultivation technologies. However, the development
of lavender cultivation technology focuses not only on the extractable essential oil, but also
on phenolic compounds, which have been proved to have antioxidant effects (Blazekovi¢ et
al., 2010). Nowadays, artificial antioxidants are gradually replaced by antioxidants from
natural sources extracted from medicinal plants. Based on the above, it is important to be
aware of the factors that may influence the accumulation of these active ingredients, both
volatile and non-volatile, within the lavender. Therefore, one of the primary objectives of our
work is to identify the effects of endogenous and exogenous factors affecting the intraspecific
and interspecific variability of true and hybrid lavender, in terms of its essential oil content
and composition and also the values of all polyphenols and antioxidant capacities. Answers to
the following questions were sought in the course of our research:

- Are there any significant intraspecific differences between the true and the hybrid
lavender varieties regarding the amount and composition of the active ingredients?

- Is there any difference between the two economically most important lavender species
regarding their reaction to the changes of internal and external factors?

- How can individual development (flowering phases) and organ diversity distribution

affect the quality of drugs?



- To what extent may external factors, weather (year) and habitat conditions influence

compositional parameters?

2 MATERIAL AND METHODS

2.1 Location and time of experiments
Experiments were carried out in the Lavender Farm at Dorgicse and in the Lavender Farm at

Szomod as well as in the experimental variety collection planted in the Medicinal Plant Production
Unit of the Experimental Station, Hungarian University of Agriculture and Life Sciences (MATE)
in Budapest, between 2017 and 2019.

2.2 Plant material of the experiments

The experiment included the simultaneous evaluation of L. angustifolia *Hidcote’ and
’Munstead’ as well as L. x intermedia *Grappenhall’ and *Grosso’ varieties at the production
sites at Dorgicse and Szomod. These studies were completed with plant sampling from further
species: in addition to the above ’Aromatico Silver’, ’Beate’, ’Budakalaszi’ varieties were
involved in the experiment at Dorgicse and ’Judit’ variety at Szomod. The lavender variety
collection of the Experimental Plant at Soroksar included the following varieties: *Budakalaszi’,
"Hidcote’, *Maillette’, ’Munstead’, and *Tihany’ true lavender and *Grappenhall’, *Grosso’, and

’Judit’ hybrid varieties. Measurements were performed on productive stocks of different ages.

2.3 Methods of open-field observation and measurements
2.3.1 Evaluation of the differences between species and varieties

To compare the essential oil properties of each lavender variety, we sampled the stocks at the
Daorgicse production site during the summer harvest period in 2017 and 2018. Six L. angustifolia
(’Aromatico Silver’, ’Beate’, ’Budakalaszi’, *Hidcote’, *Maillette’, and "Munstead’) and two
(’Grappenhall’ and *Grosso’) varieties were involved in the experiment.

We also looked at the manifestation of intraspecific diversity for total polyphenol content (TPC)
and antioxidant capacity (FRAP). The lavender varieties were analysed in the production sites
where we were able to collect the most of them, therefore L. angustifolia varieties ('Aromatico
Silver', 'Beate', 'Budakalaszi’, 'Hidcote', 'Maillette’, and 'Munstead’) were examined at Dorgicse,
while L. x intermedia varieties (‘Grosso’, 'Grappenhall’ and 'Judit) at Szomod for two

experimental years, in the summer of 2017 and 2018, at full flowering.



2.3.2 Methods of ontogenetic examinations

Changes in the essential oil properties (essential oil content and composition) of lavender varieties
in various flowering stages were assessed in Soroksar in 2018 and 2019. The varieties included
in the study were four L. angustifolia: 'Budakalészi', 'Hidcote', 'Maillette', and 'Munstead’, and
three L. x intermedia varieties: 'Grosso’, 'Grappenhall’ and 'Judit’. The samples were taken in two
flowering stages (full flowering and after flowering) in both years from all varieties, while the
green bud phase was evaluated in 2018-2019 for 1 variety of each species ('‘Budakalaszi' and
'‘Grosso'), and the purple bud phase was recorded in the productive stocks in their 3rd year in 2019.
We also examined the effect of flowering stages on the total polyphenol content (TPC) and
antioxidant capacity (FRAP) values of lavender varieties in the collection of Soroksar in two
experiment years (2018 and 2019). Samples for these experiments were taken in full flowering
and in after flowering phenophases, consisting of three L. angustifolia ('Budakalaszi', 'Hidcote',
and 'Munstead") and three L. x intermedia ('Grosso’, 'Grappenhall’, and 'Judit’) varieties. Since the
plantation still young in 2018, we only had the opportunity to take samples from the purple bud
phase in 2019.

2.3.3 Methods of examining the effects of organ diversity

In order to analyse the effects of organ diversity, flower and leaf samples of two L. angustifolia
(‘'Hidcote' and 'Munstead’) and two L. x intermedia ('Grappenhall’ and 'Grosso’) varieties were
taken in the autumn of 2016 (24th October), in the summer of 2017 (L. angustifolia: 18th June
and L. x intermedia: 14th July) and in the autumn of 2017 (31st October).

2.3.4 Methods of assessing the effects of year

The analysis of the effects of the years 2018 and 2019 on both the essential oil content and
composition, as well as the development of phenolic compounds and antioxidant capacity was
carried out in the stock at Soroksar, sampling was always carried out in full flowering. In addition,
the analysis of essential oil properties took place in the summer of 2017 and 2018 at the Dorgicse
production site, where three L. angustifolia varieties ('‘Budakalaszi', 'Hidcote', and '‘Munstead')

were included in the comparison, also in the stage of full flowering.

2.3.5 Methods of examining harvest time

In 2017, we were able to harvest in two different periods in one growing season in the case of two
L. angustifolia ('Hidcote' and 'Munstead’) and two L. x intermedia (‘Grappenhall' and 'Judit’)
varieties. In doing so, we revealed differences between the intrinsic materials of the samples taken
during the summer (L. angustifolia: 18th June and L. x intermedia: 14th July) and autumn (31st

October) flowering periods.



2.3.6 Methods of assessing the effects of production site

For studying the effects of the production site, two varieties of L. angustifolia (‘Hidcote',
'Munstead’) and two L. x intermedia ('Grosso', Grappenhall’) were evaluated in terms of essential
oil content and composition and also in terms of the phenolic compounds. In our experiment, we
compared data of samples taken from two different production sites (Dorgicse and Szomod) in
the summer of 2017 during the stage of full flowering (L. angustifolia samples taken on 18th June,

L. x intermedia samples taken on 14th July).

2.4 Essential oil content measurement

The dried plant material (5-10 g) was distilled by a Clevenger laboratory device in accordance
with the specifications of the 7th edition of The Hungarian Pharmacopoeia (1986). The duration
of water vapour distillation was 1 hour. | applied 3 repeats for each item. The amount of essential

oil was expressed in ml/100 g in relation to the anhydrous dry matter content of the drug.

2.5 Gas chromatographic analysis of essential oils

For analysing the components of essential oils GC-MS method was applied. Component
identification was performed on the basis of their mass spectrum with the help of NIST library
and our own essential oil library using retention times and indices (Adams, 2007). Three parallel

measurements were performed for each sample.

2.6 Total polyphenol content measurement

Total polyphenol content (TPC) measurement was carried out based on the method of Singleton
et Rossi (1965). Absorbance was measured with a Thermo Evolution 201 spectrophotometer at
A=760 nm. Three parallel measurements were performed for each sample. Total phenol content
was determined from the measured absorbance using a curve calibrated for gallic acid and the

results are given in mg GAE/g DW.

2.7 Antioxidant capacity measurement

For the determination of the total antioxidant capacity of the lavender samples, the modified
method of Benzie et Strain (1966) was applied with three parallel measurements in this case as
well. Absorbance was measured with a Thermo Evolution 201 spectrophotometer at A=760 nm.
A calibration curve was created for the measurement in advance using ascorbic acid as a known

compound. The value of the concentrate is given in mg AAE/g DW.

2.8 Methods of the biometric assessment of the experiments
Results were analysed with single factor variance analysis using the software IBM SPSS Statistics
25. The normality of the data was verified by the Kolmogorov-Smirnov test and the standard



deviation homogeneity was verified by Levene test. In the case of standard deviation
homogeneity, Tukey HSD post hoc comparison was carried out for the comparison of value pairs.
In case the standard deviation homogeneity did not match, the data pairs were compared using the

Games-Howel test. The data were evaluated at a confidence level of 95 % (p<0.05).
3 RESULTS
3.1 Effects of endogenous factors on the interspecific and intraspecific variability of lavender

3.1.1 Effects of genotype on the chemical variability of lavender

Based on our results, the interspecific variability of L. angustifolia and L. x intermedia was
demonstrated in a significant number of the studied parameters. In terms of essential oil content,
a significant difference was detected both between the two species (p<0.0001) and between the
varieties (p<0.0001). It is important to note that not all varieties show a high degree of variability
depending on the production site and year: the essential oil content has not changed significantly
in different samples in the case of 'Aromatico Silver', Maillette', and 'Munstead', thus the stability
of these varieties is more favourable.

The highest essential oil content (8.2 mI/100g) was found in a true lavender variety 'Budakalaszi’,
which also exceeded the essential oil content of hybrid lavender varieties (‘Grosso': 7.7 ml/100g)
in our experiment. The smallest essential oil content was found in the true lavender variety '‘Beate'
(2.9 ml/100g).

Regarding the composition of the essential oil, both species are characterised by a significant
manifestation of the variety effect, which is more significant in the hybrid lavender of the two
species.

Higher TPC and FRAP values were obtained for hybrid lavender varieties than for true lavender
varieties. The strongest antioxidant activity was detected in the inflorescences of 'Grappenhall’
(204.7 mg AAE/g DW). Lowest antioxidant capacity values were detected in ‘Aromatico Silver’,
a true lavender variety (81.3 mg AAE/g DW).

Regarding the studied intrinsic parameters, only the antioxidant capacity values of the L. x

intermedia species were not affected significantly by the species in 2017.

3.1.2 Effects of flowering stages on the chemosyndromes of lavender

During flowering, significant differences can be detected regarding essential oil content and
composition. We found that in terms of the highest essential oil accumulation and the most
favourable composition, the harvest period of true and hybrid lavender should be in different

flowering stages. L. angustifolia and L. x intermedia showed the highest essential oil content and



linalool proportion after flowering and in full flowering respectively. The effect of flowering
stages on volatile components was therefore characteristic for the species.

Phenophases played little role in the accumulation of polyphenols. There were several stable
varieties (‘Munstead’, 'Grappenhall’) from both species in our experiment, the total polyphenol
content and antioxidant capacity values of which did not change significantly in different
flowering stages. The interaction between variety and flowering stage factors for polyphenol

content was statistically verifiable (flowering stage*variety interaction: p<0.001).

3.1.3 Total polyphenol content and total antioxidant capacity compared to organ diversity
The inflorescence and leaf parts of the lavender species show significant differences mainly in the
case of the TPC and FRAP values of L. X intermedia varieties.

The difference between the TPC and FRAP values of plant organs was also strongly related to the
seasons in our experiment, as significantly higher values were found in the flower samples during
the summer cutting (‘Grappenhall: TPC: flower: 140.8 mg GAE/g DW, leaf: 126.8 mg GAE/g
DW; FRAP: flower: 150.3 mg AAE/g DW; leaf: 127.5 mg AAE/g DW), and in the leaf samples
at the time of the autumn cutting ('Grappenhall: TPC: flower 244.3 mg GAE/g DW; leaf: 311.7
mg GAE/g DW; FRAP: flower: 140.6 mg AAE/g DW; leaf: 196.7 mg AAE/g DW).

3.2 Effects of exogenous factors on the interspecific and intraspecific variability of lavender

3.2.1 Effects of production year on the chemical variability of lavender

The effect of production year influenced significantly the essential oil content of both lavender
species in the experiment at Soroksar (L. angustifolia varieties: ’Budakalaszi’: p<0.018;
"Munstead’: p<0.0001; *Maillette’: p<0.0001; L. x intermedia varieties: ’Grappenhall’: p<0.034;
"Judit’: p<0.004).

Regarding the composition of the volatile components, significant differences can be detected in
the samples of different years in the case of both species: the effects of the given year were
detected for several components in the case of L. x intermedia species (e.g., 1.8-cineole, linalool,
camphor, a-terpineol, linalyl acetate).

Exogenous effects, including effects of the production year on the accumulation of phenoloids
were also detected in both species of lavender. In our present work, we have also proved the
interaction of year and variety effects in the TPC and FRAP values (year*variety effect: p<0.001).
In terms of the total polyphenol content values, the greatest difference between the two
experimental years was measured in the hybrid lavender variety 'Judit' (134.1 mg GAE/g DW)
while the smallest difference between the two years was shown by the true lavender variety
'Budakalaszi' (26.9 mg GAE/g DW).



3.2.2 Effects of harvest time on the total polyphenol content and the total antioxidant
capacity values of lavender varieties

When assessing the effect of different harvest times (summer and autumn) within one year, we
found that for all varieties there is a significant difference between the compositional indicators
of inflorescences (TPC, FRAP), with the exception of the hybrid lavender variety ‘Grappenhall'.
For each significant difference, higher values were found in the samples of the autumn cut. The
effect of harvest time on TPC values, similarly to the effect of the production year, was different

for each species and variety (harvest time*variety: TPC: p<0.020).

3.2.3 Effects of production site on the chemical variability of lavender

Based on our experiments, we found that there were also differences between lavender varieties
in how they responded to the effects of the production site. The essential oil content of the true
lavender variety 'Munstead' showed only minor fluctuations at different production sites (2017:
Dorgicse: 3.6+0.3 ml/100g, Szomod: 3.6+0.5 ml/100g; 2018: Dérgicse: 3.0+0.3 ml/100g,
Szomod: 3.2+0.3 ml/100g), while significant differences were detected in the accumulation of the
essential oil of L x intermedia 'Grappenhall' in both experiment years (2017: Dorgicse: 5.2+0.2
ml/100g, Szomod: 7.3+0.2 ml/100g; 2018: Dorgicse: 4.4+0.6 ml/100g, Szoméd: 7.5+0.7
ml/100g).

While the essential oil content of 'Grosso’ did not change significantly according to the production
sites, the quality composition of the volatile components of this variety showed the greatest
variability: all of the tested components differed significantly in both years. When there was a
significant difference in the accumulation of volatile components, the area at Szomdd showed the
higher essential oil content. We associated this with the drier weather of this production site before
flowering and also with the difference between the soil properties of the two production sites.
Comparing the two species, the volatile components of the L. x intermedia varieties were more
significantly affected by the effect of the production site.

Total polyphenol content values also showed significant variability in both species depending on
the production site, however, this was less pronounced in the case of the antioxidant capacity
values, with the exception of the L. x intermedia 'Grosso’ variety (p<0.0001). In contrast to the
essential oil content, the total polyphenol content was higher at the Dérgicse production site. We
found that the interaction of the production site and species effects in the total polyphenol content
and antioxidant capacity values can be verified statistically (production site*variety: TPC:
p<0.001; FRAP: p<0.001), as was the case with the previously examined factors.



4 ASSESSMENT OF THE RESULTS

In addition to the difference known in the content and composition of the essential oil of lavender
species, we found that essential oil content is significantly dependent on the variety (genotype).
This is also referred to in previously published literature, albeit in a much narrower context
(Muioz-Bertomeu et al., 2007). Although several varieties show a high degree of variability
depending on the production site and year, according to our results, the essential oil content did
not change significantly in the samples of the true lavender varieties ‘Aromatico Silver', Maillette’,
and 'Munstead' of different origin, thus the stability of these varieties is favourable.

In true lavender varieties, significantly higher essential oil content values were detected in the
stage after flowering than in the full flowering stage in both studied years (2018, 2019). This
finding contradicts several previously published data (Boeckelmann, 2008; Cantor et al., 2018).
L. x intermedia varieties showed a higher essential oil content during the full flowering stage than
before or after, which is consistent with the results of Boeckelmann (2008) and Baydar and Erbas
(2009). It can be stated that the effect of phenophase on the accumulation of volatile components
is mainly characteristic of the lavender species, although some minor differences may also occur
in dynamics between varieties.

In our experiment, the percentages of linalool, trans-B-ocimene, terpinene-4-ol, a-terpineol, and
lavandulol increased in both years as flowering progressed, which is consistent with the statements
of Guitton et al. (2010) and Cantor (2018). According to a study by Guitton et al. (2010), the
highest proportions of linalool, terpinene-4, 1.8-cineol, ocimene, and limonene can be found in
the flowering and after flowering stages of lavender, which may play a presumably repellent role
in the protection of generative organs (Lane et Mahmoud, 2008). Boeckelmann (2008) found that
in true and hybrid lavender (‘Munstead' and 'Grosso’), the percentage of linalool increased as the
flowering stage progressed, which is also consistent with our own research results. However, the
highest linalyl acetate value was measured in full flowering in most of the samples, which later
decreased in the case of most varieties. This statement is consistent with what was described by
Guitton et al. (2010) in their experiment. According to the hypothesis of Raguso et Pichersky
(1999) and Schiestl et al. (2001), linalyl acetate and many sesquiterpenes are involved in
pollination as attractive molecules, which may explain the maximum at full flowering.
Considering sesquiterpenes in our experiment, caryophyllene oxide and B-caryophyllene steadily
decreased as flowering progressed, the former specifically in 2019, the latter mainly in 2018. As
highlighted by other authors, in other species the production of -caryophylene, for example,
plays a role in fighting against herbivores (Huang et al., 2013) and pathogens (Sabulal et al.,
2006).



In our experiments, we found a significant difference between the production sites in relation to
the essential oil content of lavender varieties. Experimental data of Burillo (2003) are consistent
with our results as significant differences were found in the samples of L. latifolia taken from
different Aragonese production sites considering essential oil content.

In terms of production year, true lavender varieties typically accumulated more essential oils (with
1.4-2.8 ml/100g DW) at Soroksar in 2018 compared to 2019 ('‘Budakalaszi': p<0.018; 'Munstead':
p<0.0001; 'Maillette": p<0.0001). Among the hybrid lavender varieties, 'Judit’ and 'Grappenhall’
showed significant differences in the accumulation of essential oil in different years. The higher
values were also measured in 2018 ('Grappenhall’: p<0.034; 'Judit’: p<0.004). The reason for the
difference was presumably that in 2019 significant amounts of precipitation fell in the two weeks
preceding the sampling date of both lavender species (true lavender varieties: 13th June, hybrid
varieties: 3rd July), which probably had a negative impact on the accumulation of essential oil in
the lavenders. In contrast, regular but much smaller amounts of precipitation were characteristic
during flowering in 2018.

Based on the results of our experiments and the analysis of previous literature data, we found that
a negative correlation can be assumed between the amount of precipitation and the essential oil
content of lavender (Yahia et al., 2019). However, it is clear that the absolute quantities of water
supply also play a role in such comparisons, and the precipitation conditions of the growing site,
together with other parameters, affect the concentration of volatile compounds.

In our experiment, presumably due to the drier production site at Szomod, the stocks of the same
varieties had higher linalyl acetate and 1.8-cineol content in their essential oils in both years than
those at the Dorgicse site. The proportion of the above components is usually higher in drier areas
(Fernandez-Sestelo et Carrillo 2020). Other authors also emphasize the negative correlation of the
accumulation of oxidized monoterpenes (linalool, terpinen-4-ol, a-terpineol, borneol, camphor,
1.8-cineol) with the amount of precipitation (Yahia et al., 2019).

In summary, we can conclude that the accumulation of essential oil of lavender species is more
significantly affected by the weather of the given year, especially the amount and distribution of
precipitation, than the composition of the essential oil. The latter may also change depending on
the conditions, even significantly, but clear trends cannot be established on the basis of our results.
This may be the result of the fact that the biosynthesis of terpenoid volatile components is likely
to be much more complex than thought previously, the individual participating enzymes have
multifunctional properties, they can produce several end products depending on the conditions
and precursors, and the formation of many terpenoid components can be catalysed by several
enzymes (Demissie et al., 2012). Thus, not only the environmental sensitivity of the particular

enzymes, but also their interactions affect the essential oil spectrum.



Significant differences were found between the two species of lavender in terms of both
antioxidant capacity (p<0.0001) and total polyphenol content (p<0.0001), clearly in favour of the
hybrid lavender, which contradicts the results of the experiments of Blazekovi¢ et al. (2010). In
our work, the 'Grosso' variety is most sensitive to external conditions, while 'Grappenhall® and L.
angustifolia ‘Munstead' are more stable in this respect.

In our experiment, the effect of ontogenesis on the total polyphenol content and antioxidant
capacity occurred in the case of true lavender and showed different tendencies for each variety,
on the contrary it had no significant effect on the phenolic compounds of hybrid lavender varieties.
In the case of TPC values, the interaction of the species factor and the flowering stage factor was
verified statistically as well (p<0.005). We also proved the interaction of the flowering stage and
the varieties (p<0.001), but we were unable to provide a definite trend in relation to the
development phases for either parameter.

In our experiment, we proved the effect of organ diversity on the phenolic and antioxidant
compounds. This effect was significant in the case of hybrid lavender varieties and less significant
in the case of true lavender. We found that in all cases, higher phenol concentrations were detected
in the inflorescences during the main flowering in the summer (the difference is 103.5-152.5 mg
GAE/g DW). This statement contradicts the study of BlaZzekovi¢ et al. (2010), but is consistent
with the experiment of Nurzynska-Wierdak et Zawislak (2016).

Although the higher values in our samples collected during the second flowering period in autumn
were mostly measured in the leaves, the differences between the organs are not significantly
manifested in all sample pairs. Phenolic compounds are found in higher concentrations in the
leaves of the varieties we examined than the literature data indicates, 59.1-253.2 mg GAE/g DW
in L. angustifolia samples and 95.3-308.6 mg GAE/g DW in L. x intermedia samples. Bouayed
et al. (2007) detected only 16.2 mg GAE/g DW total phenol content in the leaf of L. angustifolia.
Based on the above, the majority of literature data are in line with our data in the second flowering.
It can be presumed that the distribution of the quantity of polyphenols by organs also depends on
changes in seasons and weather conditions. It is known that the plant's defence mechanism is
active in the plant organ where it is needed according to the biorhythm. Thus, in the autumn
period, the plant is likely to protect its vegetative organs (leaves) in order to prepare for the cold
winter period and to facilitate overwinter (Parejo et al., 2001). Organ differences would be
particularly important if the amount of phenoloid compounds in lavender is prioritised in product
development in the future.

Our studies confirm that the time of sampling (seasonal) also influences the concentration of
polyphenols and antioxidant compounds, in line with previous findings by some authors (e.g.,

Brasileiro et al., 2015). In our case, significantly higher values were characteristic of the October



cut. Based on previous literature data, we assume that higher autumn values may be related to
higher rainfall and cooler autumn climates, as stress responses, in the case of lavender with
Mediterranean origin. The effect of abiotic effects on the accumulation of phenoloids is probably
the result of even more complex processes than described in the case of volatile terpenoid
components. The phenomenon and importance of "stress" may depend on several factors,
therefore the comparison of previous publications is also limited. In addition to the weather
conditions of the given year, the synthesis of phenoloids can be influenced by other conditions of
the production site, and the effect may even vary in each species and variety.

According to our results, contrary to the accumulation of essential oil content, the total phenol
content and the compounds with antioxidant capacity accumulated in higher concentrations at the
Dorgicse production site. Since it is known that the production of phenolic compounds is triggered
earlier by the plant in response to stress (Goodger et al. 2013), we also examined possible stress
factors in this respect. Although the CaCOs content (by 6 m/m) was lower and the macro- and
microelement values (mg 248 mg/kg, Na 78 mg/kg and Mn 188 mg/kg) were higher than at the
site at Szomad, their assessment as stress would require further studies. Our experiment proves
that there is an interaction between the effects of production sites and the variety effects:
region*variety: TPC: p<0.001; FRAP: p<0.001, i.e., genotype, as with other factors discussed

previously, influences the response to environmental effects.

5. NEW SCIENTIFIC RESULTS

1. Diversity of lavender species and varieties

Based on our studies, we were the first to find that the intraspecific difference between L. x
intermedia varieties regarding the composition of essential oil was more significant than in
the case of L. angustifolia varieties. Among the varieties studied, the linalool proportion of
'‘Maillette' and 'Grosso' are outstanding compared to all previous data (55-58%).

By comparing the two species, we stated that hybrid lavender has significantly higher TPC
and FRAP values than true lavender and differences in the varieties are also smaller in L. x

intemrdia.

2. Interactions of the environment and the taxon
We were the first to verify that the lavender species and varieties have a strong significant
interaction with production site conditions, harvest time and year of production, i.e., they show
different variability and stability with differences in the environmental factors. We found that

there were more stable, less variable taxa (‘Munstead' and 'Grappenhall’) and varieties that



responded strongly to the year and production site effects (‘Beate’, 'Grosso’) among the varieties
of both species.

The effect of production year and the production site was detected in all cases in terms of TPC
and FRAP values, while production year affected the essential oil content in only one of the
production sites.

The effect of production year had a stronger influence on the essential oil components of the
L. x intermedia species than on that of the L. angustifolia species (e.g., 1.8-cineol, linalool,
camphor, a-terpineol, linalyl acetate).

3. Effects of the phenophase and the organ composition on the compositional values of

lavender

We were the first to prove that during the flowering phase, the time period of the maximum
accumulation of essential oils and that of the composition corresponding to the
pharmacopoeia/standard are different in the case of the two species. To achieve the highest
essential oil content, the optimal harvest time of true lavender is the stage after flowering, while
that of hybrid lavender is full flowering. However, the proportion of linalyl acetate, together
with the total ester percentage decreases after flowering, therefore harvesting in full flowering
may also be favourable in the case of this species as well.

We also verified that, compared to the characteristics of the essential oil, the flowering stage
has less influence on the total polyphenol content of lavender varieties. Among true lavender
varieties, the highest TPC and FRAP values can be measured in the budding stage, while in the
case of hybrid lavender, the highest TPC can be detected after the flowering stage, but the
maximum antioxidant capacity can be detected during the full flowering stage.

The effect of organ diversity on the compounds with phenolic and antioxidant effects was more
significant in the case of hybrid lavender varieties. However, the level of accumulation in
inflorescences and leaves depends on the cutting period as well.

4. Variability of compositional parameters
We proved that the most stable essential oil components of the studied lavender taxa are j3-
myrcene, lavandulol, a-terpineol and geranyl acetate. Significant differences in these essential
oil components regarding the variety, production year and production site are minimum. At the
same time, terpenoids with significant differences most often are linalool, terpinene-4-ol, and
caryophyllene oxide.

The main components (linalool, linalyl acetate) were fundamentally influenced significantly
by the variety and phenophase within the species. In addition, year and production site had an
impact on their share within the essential oil, and these changes were most pronounced in

hybrid lavender varieties.



The most important factors influencing the total polyphenol content and antioxidant capacity

values in lavender were genotype (variety), organ diversity, production year and harvest time.

Results that have practical use

. We characterised the available essential oil content and quality together with the total
polyphenol content and antioxidant capacity values of L. angustifolia 'Aromatico Silver’,
'Budakalaszi', 'Beate', 'Hidcote', 'Maillette’, and 'Munstead’, as well as those of the L. x
intermedia varieties 'Grosso’, ‘Grappenhall’, and 'Judit' under the production site conditions in
Hungary. We have identified the factors that most influence drug quality.

. It was found that considering the studied L. angustifolia varieties, the essential oil content only
of the "Hidcote’ stock at Dorgicse complied with the requirements of the seventh edition of
The Hungarian Pharmacopoeia and the tenth edition of the European Pharmacopoeia in both
experimental years except for the values of a-terpineol. The amount of essential oil in all
studied varieties at Dorgicse far exceeded the 1.3 ml/100 g DW value specified for Lavandulae
flos in the pharmacopoeia article.

. Based on our experimental results, we recommend, from the studied varieties, L. angustifolia
'Hidcote' and L. x intermedia 'Grosso’ varieties to the Hungarian producers. These two varieties
can be highlighted for the quality of their essential oil, while ‘Munstead' can be highlighted for
the stability of the properties of the essential oil. If the target is high total polyphenol content,
we recommend harvesting in the autumn, in October, either from the leaves of the hybrid
variety 'Grappenhall' (TPC: 311.7 mg GAE/g DW) or from the inflorescences of 'Grosso’
(FRAP: 287.7 mg AAE/g DW). Considering the summer period, the green bud stage of L.
angustifolia 'Budakalaszi' can be highlighted due to its high total polyphenol content (TPC:
365.1 GAE/g DW).

. Our experiments prove that the L. x intermedia Species is more sensitive to abiotic factors
(production year effect, production site effect) than L. angustifolia in terms of essential oil
properties. In addition, the effect of the genotype (variety) on volatile components, as well as
the effect of organ diversity on all polyphenol content and antioxidant capacity, were found to

be more significant in the hybrid lavender species.



10.

11.

6. REFERENCES

Adams, R.P., 2007. Identification of essential oil components by gas chromatography/mass
spectrometry. 4th Edition. Carol Stream, Ill: Allured Pub Corp, ISBN 0-931710-85-5,
Journal of the American Society for Mass Spectrometry, 16(11): 1902—-1903.
Baydar H., et Erbas S., 2009. Effects of harvest time and drying temperature on essential
oil content and composition in lavandin (Lavandula x intermedia Emerice x Loisel.).
Turkish Journal of Field Crops, 13(1): 23-31.
Benzie I. F. F., et Strain J. J. (1996): The ferric reducing ability of élasma (FRAP) as a
measure of ‘“Antioxidant Power’’: The FRAP Assay, Analytical Biochemistry. 239: 70-76.
Bernath J., 2013. Lavandula spp. In: Vadon termé és termesztett gyogynovények, Mezdgazda
kiado, Budapest, ISBN 978-963-286-674-1, 320-324.
Blazekovi¢ B., Vladimir-KneZevi¢ S., Brantner A., Stefan B. M., 2010. Evaluation of
antioxidant potential of Lavandula x intermedia Emeric ex Loisel. '‘Budrovka': a comparative
study with L. angustifolia Mill. Mol. 15: 5971-5987. doi:10.3390/molecules15095971.
Boeckelmann A., 2008. Monoterpene production and regulation in Lavenders (Lavandula
angustifolia and Lavandula % intermedia). University of British Columbia, Okanagan,
(MSc thesis).
Bouayed J., Piri K., Rammal H., Dicko A., Desor F., Younos C., Soulimani R., 2007.
Comparative evaluation of the antioxidant potential of some Iranian medicinal plants. Food
Chem. 104: 1. 364-368. DOI: 10.1016/j.foodchem.2006.11.069.
Boszorményi A., 2018. Valodi levendula — az év gydgyndvénye 2018-ban. Gydgyszerészet
62. 522-531.
Brasileiro B. G., Leite J. P. V., Casali V. W. D., Pizziolo V. R., Coelho O. G. L., 2015. The
influence of planting and harvesting times on the total phenolic content and antioxidant
activity of Talinum triangulare (Jacq.) Willd. Maringa. 37: 2. 249-255. DOI:
10.4025/actasciagron.v37i2.19130.
Burillo Alquézar J. (Ed.). 2003. Investigacion y experimentacion de plantas aromaticas en
Aragon. Cultivo, transformacion y analitica. Zaragoza: Gobierno de Aragén. 262 paginas.
ISBN: 84-688-2583-2.
Cantor M., Vlas N., Szekely-Varga ZS., Jucan D., Zaharia A., 2018. The influence of
distillation time and the flowering phenophase on quantity and quality of the essential oil of

Lavandula angustifolia cv. ‘Codreanca’, Romanian Biotechnol. Lett. 23.



12.

13.

14.

15.

16.

17.

18.

19.

Demissie Z. A., Cella M. A., Sarker L. S., Thompson T. J., Rheault M. R., Mahmoud S. S.,
2012. Cloning, functional characterization and genomic organization of 1,8-cineole
synthases from Lavandula, Plant Mol. Biol. 79:393-411DOI 10.1007/s11103-012-9920-3.
Fernandez-Sestelo M., et Carrillo J. M., 2020. Environmental effects on yield and
composition of essential oil in wild populations of Spike Lavender (Lavandula latifolia
Medik.). Agricult. 10: 12. 626. DOI: 10.3390/agriculture10120626.

Goodger J. Q. D., Heskes A. M., and Woodrow I. E., 2013. Contrasting ontogenetic
trajectories for phenolic and terpenoid defences in Eucalyptus froggattii. Ann. Bot. Part of
a special issue on seedling herbivory. 112: 4. 1-9. DOI:10.1093/aob/mct010.

Guitton Y., Florence N., Sandrine M., Tarek B., Nadine V., Sylvain L., Frédéric J., Laurent
L., 2010. Lavender inflorescence. Plant Signal. Behav. DOI: 10.4161/psb.5.6.11704.
Huang X., Xiao Y., Kollner T. G., Zhang W., Wu J., Wu J., Guo Y., Zhang Y., 2013.
Identification and characterization of (E)-f-caryophyllene synthase and o//-pinene synthase
potentially involved in constitutive and herbivore-induced terpene formation in cotton. Plant
Physiol. Biochem. 73: 302-308. DOI: 10.1016/j.plaphy.2013.10.017.

Lane W. A., et Mahmoud S. S., 2008. Composition of essential oil from Lavandula
angustifolia and L. intermedia varieties grown in British Columbia, Canada. Nat. Prod.
Commun. 3: 8. 1361-1366. DOI: 10.1177/1934578X0800300822.

Munoz-Bertomeu, J.; Arrillaga, I.; Segura, J., 2007. Essential oil variation within and among
natural populations of Lavandula latifolia and its relation to their ecological areas. Biochem.
Syst. Ecol. 35: 8. 479-488.
Nurzynska-Wierdak R., et Zawislak G., 2016. Chemical composition and antioxidant activity
of lavender (Lavandula angustifolia Mill.) aboveground. Acta Sci. Pol. Hortorum Cultus,
15(5): 225-241. ISSN 1644-0692.

20. Parejo 1., Viladomat F., Bastia J., Codina C., 2001. A single extraction step in the

quantitative analysis of arbutin in bearberry (Arctostaphylos uva-ursi) leaves by high-
performance liquid chromatography. Phytochem. Anal. 12: 5. 336-339. DOI:
10.1002/pca.602.

21. Pharmacopoea Hungarica VII. 1986. Medicina Konyvkiaddé Rt., Budapest, I. kotet

22,

(Volume I.) - Tomus I. J/c.15. 395-399.
Raguso R. A., et Pichersky E., 1999. New perspectives in pollination biology: Floral
fragrances. A day in the life of a linalool molecule: Chemical communication in a plant-
pollinator system. Part 1: Linalool biosynthesis in flowering plants. Plant Species Biology
14: 95-120. DOI: 10.1046/j.1442-1984.1999.00014.x.



23. Sabulal B., Dan M., John J A., Kurup R., Predeep N. S., Valsamma R. K., and George V.,
2006. Caryophyllene-rich rhizome oil of Zingiber nimmonii from South India: Chemical
characterization and antimicrobial activity. Phytochem. 67: 22. 2469-2473. DOI:
10.1016/j.phytochem.2006.08.003.

24. Schiestl F. P., et Ayasse M., 2001. Post-pollination emission ofa repellent compound in a
sexually deceptive orchid: a new mechanism for maximising reproductive success?
Oecologia 2001. 126:531-4. DOI: 10.1007/s004420000552.

25.Singleton V. L., et Rossi J. A. Jr, 1965. Colorunetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Amer. J. Enol. Viticult. 16: 144-58.

26. Svab J., Heltmanné T. M. 2000. Lavandula spp. — levendulafajok. In: Bernath J. (szerk.).
Gyogy- és aromanovények. 3. atdolgozott és bovitett kiadas. Budapest. Mezdgazda Kiado. p.
384-389.

27. Yahia I. B. H., Jaouadi R., Trimech R., Boussaid M., Zaouali Y., 2019. Variation of
chemical composition and antioxidant activity of essential oils of Mentha x rotundifolia
(L.) Huds. (Lamiaceae) collected from different bioclimatic areas of Tunisia. 2019.
Biochem. Syst. Ecol. 84: 8-16. DOI: 10.1016/j.bse.2019.03.001.



4.

7. LIST OF PUBLICATIONS RELATED TO THE DOCTORAL THESES

Détar E., Zambori-Németh K., Gosztola B., Harmath A., Ladanyi M., Pluhar Zs. (2021):
Ontogenesis and harvest time are crucial for high quality lavender — Role of the flower
development in essential oil properties, Idustrial Crops and Products, Volume 163,
113334, https://doi.org/10.1016/j.indcrop.2021.113334

Détar E., Zamboriné Németh E., Tavaszi-Sarosi Sz., Gosztola B., Demjan 1., Pluhar Zs.
(2020): Effects of variety and growth year on the essential oil properties of lavender
(Lavandula angustifolia Mill. and lavandin (Lavandula x intermedia Emeric ex Loisel.),
Biochemical Systematics and Ecology, Volume 90, 104020,
https://doi.org/10.1016/j.bse.2020.104020

Détar E., Zamboriné Németh E., Pluhiar Z. (2020): Antioxidant capacity and total
polyphenol content of Lavandula cultivars at different growing areas in Hungary.
International Journal of Horticultural Science, 26, 65-69.
https://doi.org/10.31421/1JHS/26/2020/5748

Détar E., Zamboriné Németh E., Gosztola B., Demjan 1., Téth J., Pluhar Zs., (2020): A
termOhely és az évjarat hatasainak értékelése valodi (Lavandula angustifolia Mill.) és
hibrid levendula (Lavandula * intermedia Emeric ex Loisel.) fajtdk magyarorszagi
allomanyaiban, Kertgazdasag, 2020/3.

Szabé D., Zamboriné Németh E., Gosztola B., Détir E., Radacsi P., Pluhar Zs. (2017):
Az eltérd homérséklet és vizellatottsag hatasa a kerti kakukkfii (Thymus vulgaris L.)
produkcidjara és morfoldgiai tulajdonsdgaira. In: Bene Szabolcs (szerk.): XXIII. Ifjusagi
Tudomanyos Forum. Konferencia helye, ideje: Keszthely, Magyarorszadg, 2017.05.26
Keszthely: Pannon Egyetem Georgikon Kar, 2017. pp. 1-6. (ISBN:978-963-9639-87-4)

Pluhar Zs., Németh M., Gosztola B., Zamboriné Németh E., Détar E. (2019); Evaluation
of lavender (L. angustifolia Mill.) and lavandin (L. x intermedia Emeric.) cultivars in
Hungary, International Symposium on Essential Oils, 2019 Sept 9-11, Vienna, Austria.

Détar E., Zamboriné-Németh E., Pluhar Zs. (2018): Antioxidant capacity and total
polyphenol content of lavender cultivars (L. angustifolia Mill., L. x intermedia (L.)
Emeric) at different growing areas in Hungary, 10th CMAPSEEC, Split, Croatia, from
May 20 to 24, 2018; Abstracts, p. 132.

Pluhar Zs., Szabé D., Seidler-Lozykowska K., Tavaszi-Sarosi Sz., Détar E., Zamboriné
Németh E (2018): A kerti kakukkfii (Thymus vulgaris L.) fajtak illéolaj jellemz&it
befolyéasold tényezok értékelése. XV. Magyar Gyodgynovény Konferencia, Visegrad,
2018. junius 8-9. Osszefoglalok, p. 13. doi: 10.14232/mgyk.2018.b2


http://www.isbnsearch.org/isbn/9789639639874

9. Détar E., Németh-Zamboriné E., Tavaszi-Sarosi Sz., Pluhar Zs. (2017): Evaluation of the
essential oil properties of lavender (L. angustifolia and L. x intermedia) cultivars
originating from different growing areas of Hungary. Abstracts of the International
Symposium on Essential Oils, Pécs, Hungary, 10-13 September, 2017. Natural Volatiles
& Essential Oils, 4(3):76. ISSN: 2148-9637.

10. Szabé D. Németh-Zamboriné K., Gosztola B., Détar E., Radacsi P., Pluhar Zs. (2017):
Influence of growing location ont he essential oil production of garden thyme (Thymus
vulgaris L.). Abstracts of the International Symposium on Essential Oils, Pécs, Hungary,
10-13 September, 2017. Natural Volatiles & Essential Oils, 4(3):98. ISSN: 2148-9637.

11. Détar E., Zamboriné Németh K., Szabé D., Pluhar Zs. (2017): Magyarorszagi termesztett
levendula (L. angustifolia Mill., L. x intermedia (L.) Emeric) allomanyok antioxidans
kapacitasanak és polifenol mintazatanak vizsgalata. Fiatal Gyogyndvénykutatok Foruma,
Budakalasz, 2017. majus 12. Osszefoglalok, p. 11

12. Zubay, P., Jokainé, Sz. Zs., Gosztola, B., Pluhar, Zs., Détar, E., Zamboriné Németh E.,

Szabé K. (2018): Mak ¢és levendula: intraspecifikus makro- és mikroelem-tartalom
kiilonbségek ¢€s az ipari melléktermékek hasznosithatdsaga, In: Bodor, Péter; Fodor, Marietta
(szerk.) Ifju Tehetségek Talalkozoja Budapest, Magyarorszag, Szent Istvan Egyetem (2018)
169 p. pp. 157-169, 13 p.



