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ABSTRACT

Lavender (Lavandula angustifolia Mill. family Lamiaceae) is a perennial and highly drought tolerant plant species. It
grows well on calcareous slopes, and produces a fragrant essential oil. The aim of study was to evaluate foliar
application of gibberellic acid (GA3) and delaying harvesting for different durations on essential oil and components of
English lavender after foliar treatment with 0, 200, 400 and 600 mg l-1 gibberellic acid (GA3). Clevenger apparatus-based
water-vapor distillation method was used to determine essential oil and its components by GC-MS. The experiment was
established in split plots in randomized complete block design with two factors and 3 replications. The main plots were
formed at harvest time and the sub-plots were created by GA3 applications. Statistical analyzes were made using
MSTAT-C package program. When the GA3 doses and harvest times interaction were evaluated together, the average
essential oil yield of the harvested lavender flowers ranged 6.20 to 8.20 % showing the prominent influence of the
concentration of GA3 and delay in harvesting (in hours) on concentrartration of alkaloids. More than 50 components
were identified, the most important among these was 1.8-cineole, linalool, camphor, borneol, lavandulol, and terpinene-
4-ol. The amount of linalool, which improves the quality of the essential oil ranged 34.49-38.75%. The minimum and the
maximum essential oil values were noted from the flowers harvested after 30 hours (control treatments), and 54 hours
from 400 mg l-1 GA3 treated plants in the same order. However, essential oil contents showed a slight decrease at higher
GA3 treatments and prolonging duration of harvest after respective GA3 treatments. GA3 treatments enhanced the
quantity of essential oil substantially, and the optimal dose was determined as 400 mg l-1 GA3 on samples harvested after
54 hours following application. The results further showed that the quantities of essential oil's primary components
varied according to harvest time.
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INTRODUCTION

Lamiaceae is an important family of flowering
plants which includes 236 genera and 6900-7200 species.
All species stand out with their distinguished spicy
flavors or medicinal properties (Tamokou, 2017). The
genus Lavandula constitute 41 species (Anonymous,
2021), and many registered varieties are obtained by
crossing these species (Upson and Andrews, 2004;
Benabdelkader et al. 2011; Sahin, 2017). Lavender is
commonly grown in the Balkans and Mediterranean
coastal countries (Beetham and Entwistle, 1982; Ilieva-
Stoilova et al. 2002; Kara and Baydar, 2013), with
naturalisation in the other parts of the world (Boelens,
1995). The dried flowers of the lavender plant and the
essential oils are being used for centuries to give a
pleasant fragrance to medicines and cosmetics (Cavanagh
and Wilkinson, 2002). The Lavender flower is used to
treat headaches, jaundice, liver, gall bladder disorders,

and general visual impairment (Ilisulu, 1992). Its
antimicrobial and antioxidant compounds are used as
additives that extend the shelf life of beverages, foods,
and cosmetics (Secmen et al. 2000).

Lavender essential oil is found in the leaves,
stalks, and most of the flowers of the plant. It is among
the top 15 essential oils in the global trade. Linalool,
linalyl acetate, and camphor are the most important
essential oil components. The other important
components of the essentil oil include terpinene-4-ol,
borneol, β-pinene, lavandulol, cineol and eucalyptol
(Baser, 1993). These components are responsible for
determining the characteristic aroma and biological
properties (Lesage-Meessen et al. 2015). Essential oils in
plants and their amounts can vary according to
environmental factors (abiotic and biotic environmental
factors), applied agricultural practices, and the genetic
background of the plant. Variation in the essential oils of
the plants may also depend on the morphogenetic,
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ontogenic, and diurnal or nocturnal stage of the plant at
the time of harvest (Yıldırım et al. 2019). External
applications of plant growth regulators influence the
amount of essential oil contents, and their components
(Prins et al. 2010; Sharafzadeh and Zare, 2011; Yıldırım
et al. 2019). Even trace amounts of plant growth
regulators applied externally; affect physiological events
in plants, as they influence physiological activities in
dissimilar parts of the plant (Dobrev et al. 2005). The
basic functions of plant growth regulators within the cell
are to regulate the basic stages of development such as
cell, and organ differentiation along with cell division
(Davies, 1995). Generally known and commercially
available plant growth regulators include Auxins,
Gibberellins, Cytokinins, Ethylene, and Abscisic acid.
Gibberellins (GA) are endogenous plant growth
regulators that control many physiological events, such as
seed germination, leaf shaping, flowering, flower
development, corm propagule regeneration, root, shoot,
and fruit growth, etc. (Olszewski, 2002; Tyler et al. 2004;
Alabadi et al. 2004; Swaın and Sıngh, 2005; Yıldırım et
al. 2016; Yıldırım and Hajyzadeh, 2018). Therefore,
gibberellins are widely used in various plant and seed-
based studies in laboratories, greenhouses, and fields.

This study aimed to determine the best harvest
time for obtaining maximum essential oil and
components yield of lavender (L. angustifolia) after
treatment with dissimilar concentrations of gibberellic
acid (GA3).

MATERIALS AND METHODS

The material in the study consisted of 4 years old
L. angustifolia collection plot (300 m2 area) located in the
medicinal plants parcel of Uşak University Faculty of
Agriculture in Türkiye. The experiment was established
as split plots in Randomized Complete Block Design
(RCBD). The different harvest times were evaluated as
main factors. Spray of 0, 200, 400 and 600 mg l-1

gibberellic acid (GA3) were evaluated as sub factors. The
lavender flowers were harvested after delay of 24
(morning), 30 (noon), 36 (evening), 48 (morning), 54
(noon), 60 (evening), 72 (morning), 78 (noon), and 84
(evening) hours after the gibberellic acid treatment. They
were evaluated after drying them in shade at 25 °C.
Nocturnal harvest was avoided. First, 100 g of dried
flowers were placed in the distillation flask of Clevenger
apparatus, containing 500 ml of distilled water to obtain
the essential oil. These were boiled using a mantle heater
for 3 hours followed by cooling them for 30 minutes.
After the percentage (%) of volatile oil was collected in
the fractionated pipe; the essential oil components were
analyzed by GC/MS (Unal et al. 2005).

GC/MS device used an electron ionization
energy of 70 eV during analysis. Helium was used as
carrier gas at a flow rate of 1 mL/min. The injector and

MS transfer line temperatures were set at 220 and 290 ºC,
respectively. The temperature of the column was initially
kept at 50 ºC for 3 minutes, then gradually increased by 3
ºC to 150 ºC and lastly by 10 ºC to reach 250 ºC. The
diluted samples (v/v in 1/100 hexane) were injected at 1.0
µL per minute (Basalma et al. 2007). Analysis of
variance (split plots in randomized complete block design
with two factors) of essential oil data was performed
using MSTAT-C computer software. The differences
between the averages of the measured characters were
determined by Duncan’s Multiple Range Test (Duzgunes
et al. 1983).

RESULTS AND DISCUSSION

Amount of essential oil: GA3 concentrations and harvest
times interaction showed essential oil collected from
lavender flowers ranged 6.20% to 8.20% (percent) (Table
1). The lowest value was obtained after 30 hours from
control treatments. The maximum amount of essential oil
was obtained from the plots that were treated with 400
mg l-1 GA3 and harvested after 54 hours. The amount of
essential oil increased in general as compared to the non-
treated plants, which served as control treatment.
Similarly, concentrations of GA3 higher than 400 mg/l
were inhibitory showing a decrease in essential oil
contents after treatment with respective concentration of
GA3. The amount of essential oil obtained from harvests
made after 24 (morning of first day) and 48 (morning of
2nd day) hours was significantly higher compared to that
obtained from the harvests done at noon and evenings of
the 1st, 2nd or 3rd days.

One of the factors affecting the yield of essential
oil from lavender is harvest time. Kaya et al. (2012),
evaluated L. stoechas (Spanish or topped lavender) in his
study before flowering and full bloom, three times a day
(7.00, 12.00, and 17:00). Harvested lavender essential oil
amounted in the range of 0.71% to1.97%. They also
noted that the maximum yield of essential oil was
obtained in the morning harvest.

Renaud et al. (2001) has reported that the
amount of essential oil in dried flower buds of lavender
varieties varied between 7.1-9.9% and the amount of
essential oil in dried flower buds of dissimilar lavender
varieties varied between 2.8-5.0%. Kara and Baydar
(2011), evaluated Super A lavender in at Kuyucak village
of Isparta province and noted that dried peduncle less
flowers showed an essential oil percentage of 7.50 -
8.60%. Kara and Baydar (2013), in another study with
different genotypes of lavender; obtained the maximum
amount of 9.62% essential oil from dried flowers in the
first year and 8.87% in the second year.

Although genetic factors (plant species,
development of different plant parts, dissimilar stresses)
have a high effect on the rate of essential oils percentage
(Atalay, 2008), abiotic (plant age, temperature,
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precipitation, moisture, day length, wind, soil), and biotic
factors (insect and fungal pathogens, etc.) also contribute
the essential oil yield (Arabacı and Bayram, 2005;
Hassiotis et al. 2010a; Kara and Baydar, 2011; Kaya et
al. 2012; Kara and Baydar, 2013). Plant growth
regulators administration (Hajisamadi et al. 2011) and
chemicals added to distillation water (Shamspur et al.
2012) also influence the essential oil composition of
plants.

Essential oil components: The components in lavender
flowers have the greatest impact on the essential oil
quality. There are many components obtained from the
essential oils of lavender flowers. The results of the
analysis as observed through GC/MS, showed 6 main
components namely 1,8 cineole, linalool, camphor,
borneol, lavandulol, and terpinen-4-ol which are
important for cosmetic, perfumery, and pharmaceutical
industries.

The highest amount of 1.8-cineole of 5.10% was
obtained at 600 mg l-1 GA3 treatment after 78 hours of
treatment and the minimum amount of 2.82% of the same
compound was obtained using 200 mg l-1 GA3 after 48
hours (Table 2).

According to gibberellic acid concentrations, the
maximum linalool of 37.27% was noted from the plants
using 600 mg l-1 GA3 treatments after 54 hour with a
minimum value of 34.49% from the plants using 200 mg
l-1 GA3 treatments after the 48 hours. In the control group,
it varied between 35.99%-38.75% on the samples after 30
and 54 hours respectively. It was observed that the
linalool content in GA3 treatments was generally lower
compared to the control treatment first two days (Table
2). Hassiotis et. al., (2010b), noted the morning and
evening hours linalool contents of 34.38% and 28.76%
respectively. According to the International Organization
for Standardization, lavender oil quality standards, the
percentage of linalool and linalyl acetate should be at
least 25% (Anonymous, 2002). According to the ISO
8902:2009a and ISO 3515:2002 linalool amount changed
25-38% in lavender essential oil (Kuş and Duru, 2021).
Linalool ratio meets desired quality specifications.

Another component that affected lavender
essential oil quality is camphor. The highest and lowest
amount of camphor was obtained using control
treatments with 12.50% and 10.65% camphor noted in
between 30th and 48th hour in the same order. The
maximum camphor value of 12.14% and the minimum
value of 11.13% were noted using 200 mg l-1 GA3
treatment. Camphor values between 12.29% and 10.77%
were realized at 400 mg l-1 GA3 treatment. The maximum
(11.79%) and the minimum  (10.75%) camphor amounts
were noted using 600 mg l-1 GA3 treatments (Table 2).
Although the amount of camphor in lavender essential oil
varied depending on many factors, the most important
factor remained the variety (genotype). According to the

ISO 8902:2009a and ISO 3515:2002 camphor amount
changed 0.5-1.0% in lavender and 6-8% in lavandin
essential oil (Kuş and Duru, 2021). The camphor rates
obtained in the study are above the desired rates and
affect the quality negatively. Chatzopoulou and Golaris
(2003) found a significant difference between 5.03% -
11.35% in 'Super' and 'Special' hybrids in their
experiments. Lavender essential oil quality decreased
with an increase in the amount of camphor (Renaud et al.
2001). However, due to the antiseptic effect of camphor
on the lungs and respiratory tract (Ayral, 1997), this is the
desired level of lavender essential oil allowed for
medicinal use. The high level of camphor in essential oil
is very important in terms of antifungal, antibacterial, and
antiseptic usage (Ilieva-Stoilova et al, 2002; Yıldırım et
al. 2019).

In control treatment, the maximum (7.57% and
7.44%) amount of borneol in lavender essential oil
components was harvested after 36 and 24 hours. After
54 and 84 hours of treatment with 400 mg l-1 GA3, the
minimum value was determined as 6.57%. The highest
borneol percentage of 8.06% was obtained after 24 hours
of 600 mg l-1 GA3 treatment (Table 2). The average
borneol percentage of 7.08%, 7.42%, 6.89%, and 7.52%
was found depending on the treatment with gibberellic
acid concentration. The average maximum borneol
concentration was noted using 600 and 200 mg l-1 GA3
treatments in the same order. It is important that the
amount of borneol tended to decrease from day 1 to day 3
(Table 2).

Minimum amount of 1.19% and maximum
amount of 1.88% lavandulol was obtained using 400 mg
and 200 mg l-1 GA3 treatment after 84 and 24 hour treated
samples in the same order (Table 2). The previous study
by Kara and Baydar (2011) confirm minimum and
maximum lavandulol concentration of 0.33% and 2.28%
in the dry peduncle less flowers of lavender and lavandin
cultivars. The highest and the minimum amount of
terpinene-4-ol was 12.07% and 9.82% was obtained 24
hours using 200 mg l-1 and 78 hours using 600 mg l-1 GA3
treatments. In general, current study showed higher
values for terpinene-4-ol after treatment with 200 and 400
mg l-1 GA3 applications (Table 2).

There are more than 100 components in lavender
essential oil, the most important of which are linalool,
camphor, 1.8-cineole, terpinene-4-ol and linalyl acetate
(Koulivand et al. 2013; Yıldırım et al. 2019). Lavender is
generally used as an antidepressant, anticonvulsant,
anxiolytic, and tranquilizer (Cavanagh and Wilkinson
2002; Koulivand et al. 2013). Lavender is mostly used
internally, although it is also used in aromatherapy
(Setzer, 2009; Sasannejad 2012; ). The essential oil is
quickly absorbed by the skin. It is mentioned that linalool
and linalyl acetate are detected rapidly in plasma shortly
after administration (Jager et al. 1992; Koulivand et al.
2013). It is well established that amount of linalool helps
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Table 1. Essential oil content (%) of lavender according to different treatments of GA3 concentrations and times
of harvest.

GA3
concentrations

(mg l-1)

Time of harvest after GA3 treatments (hours) **
Morning Noon Evening Morning Noon Evening Morning Noon Evening

24. 30. 36. 48. 54. 60. 72. 78. 84.
Control 6.60ıjkl 6.20 l 6.77 hıjkl 7.20defgh 6.60ıjkl 7.00 efghıj 6.87ghıjk 7.00efghıj 7.33cdefg

200 7.60bcd 7.17defgh 6.83ghıjk 7.50cde 7.60bcd 7.10defghı 6.60ıjkl 6.80hıjk 6.90fghıjk

400 7.60bcd 7.57bcd 7.00efghıj 8.00 ab 8.20a 8.03 ab 8.03 ab 7.23defgh 7.80abc

600 6.97fghıj 6.40kl 7.40cdef 7.60bcd 6.50jkl 7.00efghıj 7.40cdef 6.40kl 7.40cdef

LSD for doses (0.05): 0,1433; LSD for hours: 0,2582; Dose x Hour Interaction for LSD (0,05): 0,430
** Differences between the averages in the block indicated by different letters are significantly different at p≤ 0.01 level

Table 2. The effect of disimilar harvest times and GA3 doses on lavender essential oil components

Harvest
Time
(h)

GA3
Doses
(mg l-1)

1,8-cineole
RT           %

Linalool
RT           %

Camphor
RT            %

Borneol
RT            %

Lavandulol
RT             %

Terpinen-4-ol
RT             %

24
Control 12.80 4.27 16.42 38.49 18.16 12.25 19.16 7.44 19.34 1.75 19.76 11.55
200 12.81 3.86 16.52 35.96 18.22 11.81 19.25 7.89 19.42 1.88 19.83 12.07
400 12.80 3.63 16.45 35.46 18.19 12.29 19.20 7.68 19.37 1.83 19.79 11.60
600 12.78 3.26 16.29 36.28 18.08 11.17 19.11 8.06 19.28 1.69 19.70 11.16

30
Control 12.79 4.08 16.33 38.75 18.11 12.50 19.10 6.36 19.29 1.45 19.70 10.86
200 12.79 3.23 16.32 36.78 18.11 12.14 19.12 7.67 19.29 1.79 19.71 11.44
400 12.79 3.68 16.35 36.43 18.11 11.45 19.13 7.29 19.31 1.68 19.73 11.87
600 12.79 4.32 16.36 35.72 18.13 11.74 19.14 7.63 19.31 1.79 19.73 10.56

36
Control 12.79 3.64 16.35 36.05 18.11 11.15 19.13 7.57 19.31 1.75 19.72 10.95
200 12.78 2.84 16.32 35.90 18.10 11.25 19.13 8.04 19.31 1.84 19.72 11.93
400 12.78 3.56 16.27 35.72 18.07 11.23 19.09 7.06 19.27 1.46 19.68 11.64
600 12.78 3.13 16.31 35.77 18.10 11.04 19.11 8.01 19.29 1.77 19.71 11.37

48
Control 12.79 3.36 16.25 36.08 18.07 10.65 19.09 7.32 19.26 1.61 19.67 10.48
200 12.79 2.82 16.29 34.49 18.09 11.13 19.11 7.53 19.28 1.71 19.70 11.84
400 12.79 3.69 16.22 35.77 18.05 10.77 19.07 6.69 19.25 1.30 19.66 11.05
600 12.78 3.05 16.21 35.94 18.05 10.89 19.06 7.35 19.24 1.63 19.65 10.45

54
Control 12.79 3.70 16.19 35.99 18.04 11.10 19.06 7.16 19.23 1.61 19.64 09.83
200 12.79 3.08 16.19 35.51 18.04 11.34 19.06 7.42 19.24 1.56 19.64 10.81
400 12.78 3.83 16.19 36.65 18.04 11.09 19.05 6.57 19.23 1.28 19.64 11.24
600 12.78 2.93 16.21 37.27 18.04 10.75 19.06 7.59 19.24 1.62 19.65 11.08

60
Control 12.79 3.42 16.20 37.16 18.04 10.82 19.06 7.12 19.23 1.62 19.64 10.17
200 12.78 3.11 16.20 35.85 18.05 11.44 19.06 7.45 19.24 1.65 19.65 11.18
400 12.79 3.31 16.17 36.09 18.03 10.96 19.05 6.85 19.23 1.27 19.64 11.86
600 12.78 3.37 16.23 36.62 18.06 11.20 19.08 7.76 19.25 1.67 19.66 10.96

72
Control 12.79 4.05 16.17 36.08 18.03 11.43 19.05 6.76 19.22 1.46 19.63 09.87
200 12.78 3.53 16.19 35.52 18.04 11.40 19.05 6.85 19.23 1.51 19.64 10.77
400 12.78 3.76 16.19 36.26 18.04 10.95 19.06 6.67 19.23 1.19 19.64 11.83
600 12.79 3.41 16.20 36.73 18.04 11.03 19.06 7.43 19.23 1.49 19.65 10.81

78
Control 12.78 4.23 16.19 36.26 18.04 11.58 19.06 6.93 19.23 1.50 19.64 09.97
200 12.79 3.99 16.18 35.15 18.04 11.92 19.06 7.08 19.23 1.46 19.64 10.91
400 12.79 4.08 16.19 35.30 18.04 11.50 19.06 6.67 19.23 1.23 19.65 10.99
600 12.79 5.10 16.19 35.41 18.05 11.79 19.06 6.69 19.24 1.28 19.64 09.82

84
Control 12.79 4.11 16.19 36.05 18.05 11.19 19.06 7.10 19.23 1.44 19.64 09.97
200 12.79 3.75 16.18 36.82 18.04 11.30 19.06 6.82 19.23 1.42 19.64 10.41
400 12.79 4.51 16.19 37.19 18.04 11.21 19.06 6.57 19.23 1.19 19.64 11.05
600 12.79 3.87 16.17 34.99 18.03 10.89 19.05 7.20 19.22 1.38 19.63 10.29

RT: Retention time
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in maintaining the high quality of lavender products.
Karık et al. (2017) has reported variable essential oil
components according to the varieties in a study under
the Menemen/Turkey ecological conditions. They found
that this difference was due to the influence of applied
plant growth regulator (GA3), harvest time difference,
environmental conditions, and genotypes. In addition, it
has been clearly demonstrated that the applied
phytohormone (GA3) and the harvest time have an effect
on the amount and components of essential oil.

Conclusions: Different concentrations of gibberellic acid
(GA3) caused changes in the quality and quantity of
lavender. Different GA3 dosages and harvest periods were
shown to have different impacts on essential oil
components. Their concentrations could be planned with
careful harvesting schedule and rescheduling of the
harvest programme to get high essential oil levels in
lavender plants. The current study suggested the
application of 400 mg l-1 GA3 treatment to be the best
practice in terms of essential oil extraction at harvest time
after 48, 54, 60 and 72 hours. This approach could
increase the efficiency of extracting substantial volumes
of essential oil from lavender. The rate of linalool, which
positively affects the essential oil quality, was at the
desired rates, but the high amount of camphor affected
the quality negatively. The high camphor content
emphasizes the usage of non-food goods like insect
repellants. It is noteworthy that the amounts of borneol
and terpinene-4-ol obtained from the first day are higher
compared to those obtained on subsequent days. If high
levels of 1.8-cineole levels are desired the 78th and 84th
hours of the third day would be a good time to harvest.
This research is expected to contribute to future research
and studies in a variety of ecological conditions. The
quality and quantity of lavender essential oil could be
improved as per aims of use.

Acknowledgments: This research was supported by
Uşak University Scientific Research Projects
Coordination Unit (UBAP) (Project No: 2017 / TP047).
A part of this study was presented as an oral presentation
at the IX International Scientific Agriculture Symposium
‘Agrosym 2018’ Jahorina, Bosnia and Herzegovina,
October 04-07, 2018.

Authors’ contribution: Conceived and designed the
research and statistical analysis MUY, performance of the
experiment and collected data Aİ, wrote the paper MUY,
other contributions Aİ

REFERENCES

Alabadi, D., J. Gil, M. Blazquez and J. Garcia-Martinez
(2004). Gibberellin repress photomorfogenesis
in darkness.  Plant Physiol. 134(3):1050-7. doi:

10.1104/pp.103.035451. Epub 2004 Feb 12.
PMID: 14963246; PMCID: PMC389929.

Anonymous. (2002). ISO 3515:2002 Lavander oil quality
standards.
https://www.iso.org/standard/36253.html.

Anonymous. 2021. Plants of the World
Online.http://www.plantsoftheworldonline.org/ta
xon/urn:lsid:ipni.org:names:20960-1#source-
KB.

Arabacı, O. and E. Bayram (2005). The effect of nitrogen
fertilization and plant density on some
agronomic and quality traits of lavender
(Lavandula angustifolia Mill.) under ecological
conditions of Aydın. ADÜ Ziraat Derg. J. Adnan
Menderes University Agricultural Faculty
2(2):13-19.

Atalay, A.T. (2008). Effects on yield and quality of
organic and inorganic nitrogen fertilizers in
different doses of lavender (Lavandula
angustifolia Mill.) grown in ecological
conditions of Konya. M.Sc. thesis. Graduate
School of Natural and Applied Science, Selcuk
University, p. 46.

Ayral, N.M. (1997). Investigation of Essential oil and
non-volatile organic components of Lavandula
stoechas plant and determination of their
biological activities. M.Sc thesis. Graduate
School of Natural and Applied Science,
Marmara University, p. 176.

Basalma, D., B. Gurbuz, E.O. Sarihan, A. Ipek, N.
Arslan, A. Duran and H. Kendir (2007).
Essential oil composition of Salvia
heldreichiana Boiss, Ex Bentham described
endemic species from Turkey. Asian J. Chem.
19(3):2130-2134.

Baser, K.H.C. (1993). Essential Oils of Anatolian
Lamiaceae, A. Profile. Acta Horticulturae
333:217-238.

Beetham, J. and T. Entwistle (1982). The cultivated
lavenders. Royal Botanic Gardens, Melbourne.

Benabdelkader, T., A. Zitounic, Y. Guitton. 2011.
Essential oils from wild populations of algerian
Lavandula stoechas L.: composition, chemical
variability, and in vitro biological properties.
Chem. Biodivers. 8 (5):937-953.

Boelens, M.H. (1995). Chemical and sensory evaluation
of Lavandula Oils, Perf Flav. 20:23-25.

Cavanagh, H.M.A. and J.M. Wilkinson (2002).
Biological activities of lavender essential oil.
Phytother Res. 2002 Jun;16(4):301-8. doi:
10.1002/ptr.1103. PMID: 12112282.

Chatzopoulou, P.S.  and A.H. Goliaris (2003).
Contribution to the analysis of the volatile
constituents from some lavender and lavandin
cultivars grown in Greece. Sci. Pharm. 71:229-
234.



İzmirli and Yıldırım J. Anim. Plant Sci., 33 (3) 2023

713

Davies, P.J. (1995). Plant hormones: Physiology,
Biochemistry and Molecular Biology Springer-
Science+Business Media, B.V. ISBN 978-94-
011-0473-9 (eBook). DOI 10.1007/978-94-011-
0473-9.

Dobrev, P.I., L. Havlıcek, M. Vagner, J. Malbeck and M.
Kaminek (2005). Purification and determination
of plant growth regulators Auxin and Abscisic
Acid using solid phase extraction and two-
dimensional high performance liquid
chromatography. J. Chromatogr. A. 1075(1-
2):159-166.

Duzgunes, O., T. Kesici and F. Gurbuz (1983). Statistical
Methods, A.Ü. Faculty of Agriculture
Publications 861, Textbook: 229, Ankara.

Hajisamadi, A.S.L., B.M.B. Hassanpouraghdam and A.
Khalighi (2011). Effect of gibberellic acid GA3
foliar application on growth characteristics and
essentialoil of Lavandula officinalis. Chaix. J.
Agric. Sci. 21(2):23-32.

Hassiotis, C.N., P.A. Tarantilis, D. Daferera and M.G.
Polissiou (2010a). Etherio, a new variety of
Lavandula angustifolia with improved essential
oil production and composition from natural
selected genotypes growing in Greece, Ind.
Crop. Prod. 32:77-82.

Hassiotis, C.N., D.M. Lazari and K.E. Vlachonasios
(2010b). The effects of habitat type and diurnal
harvest On essential oil yield and composition of
Lavandula angustifolia Mill. Fresenius Environ.
Bull. 19(8):1491-98.

Ilieva-Stoilova, M.P., A. Ivanov Pavlov and E.G.
Kovatcheva-Apostolova (2002). Further research
into Lavandula species. In: Lavander, The Genus
Lavandula, ed. Lis-Balchin, M. 214-226. Taylor
& Francis, London.

Ilisulu, K (1992). Pharmaceutical and spice Plants.
Ankara University, Faculty of Agriculture
Publications No: 360.

Jager, W., G. Buchbauer, L. Jirovetz and M. Fritzer
(1992). Percutaneous absorbtion of lavender oil
from a massage oil. J. Soc. Cosmet. Chem.
43:49–54.

Kara, N. and H. Baydar (2011). Essential oil
characteristics of lavandins (Lavandula x
intermedıa emeric ex loisel.) of Isparta province,
kuyucak district, where lavender production
center of Turkey. Selcuk J Agr Food Sci. 25(4):
41-45.

Kara, N. and H. Baydar (2013). Determination of
lavender and lavandın cultivars (Lavandula sp.)
containing high quality essential oil in Isparta.
Turkish J. Field Crop.18(1): 58-65.

Karık, U., F. Cicek and O. Cınar (2017). Determination
of Morphological, Yield and Quality
Characteristics of Lavandula Species and

Cultivars in Menemen Ecological Conditions.
Anadolu J. of AARI. 27(1):17-28.

Kaya, D.A., M. Inan, E.S. Gıray and S. Kırıcı (2012).
Diurnal, ontogenetic and morphogenetic
variability of Lavandula stoechas L. ssp.
Stoechas in east Mediterranean region. Rev.
Chim.  63(8):749-753.

Koulivand, P.H., M. Khaleghi Ghadiri and A. Gorji
(2013). Lavender and the nervous system.
Evidence-based complementary and alternative
medicine: eCAM, 681304:10
https://doi.org/10.1155/2013/681304.

Kuş, Ç. and M.E. Duru (2021). Effect of Post-Harvest
Drying Times on Chemical Components of
Essential Oils of Lavandula angustifolia and L.
intermedia Species. European J. Science and
Technology, 21: 501-505.

Lesage-Meessen, L., M. Bou and J.C. Sigoillot (2015).
Essential oils and distilled straws of lavender
and lavandin: a review of current use and
potential application in white biotechnology.
Appl. Microbiol Biotechnol. 99:3375-3385. DOI
10.1007/s00253-015-6511-7.

Olszewski, N. (2002). Gibberellin Signaling:
Biosynthesis, catabolism and response pathway.
Plant Cell. 14:61-80.

Prins, C.L., I.J.C. Vieira and S.P. Freitas (2010). Growth
regulators and essential oil production. Braz. J.
Plant Physiol. 22:91-102.

Renaud, E.N.C., D.J. Charles and J.E. Simon (2001).
Essential oil quantity and composition from 10
cultivars of organically grown lavender and
lavandin. J. Essent. Oil Res. 13(4):269-273.

Sasannejad, P., M. Saeedi, A. Shoeibi, A. Gorji, M.
Abbasi and M. Foroughipour (2012). Lavender
essential oil in the treatment of migraine
headache: a placebo-controlled clinical trial. Eur.
Neurol. 67(5):288-91. doi: 10.1159/000335249.

Secmen, O., Y. Gemıcı, G. Gork, L. Bekat and E.
Leblebıcı (2000). Seed Plants Systematic. Ege
University Faculty of Science, Books Series No:
116. İzmir.

Setzer, W.N. (2009). Essential oils and anxiolytic
aromatherapy. Nat. Prod. Commun. 4(9):1305-
16. PMID: 19831048.

Shamspur, T., M. Mohamadi and A. Mostafavi (2012).
The effects of onion and salt treatments on
essential oil content and composition of Rosa
damascena Mill. Ind. Crops Prod. 37:451–456.

Sharafzadeh S. and M. Zare (2011). Influence of growth
regulators on growth and secondary metabolites
of some medicinal plants from Lamiaceae
family. Adv. Environ. Biol. 5(8): 2296-2302.

Swaın, M.S. and P.D. Sıngh (2005). Tall takes from sly
dwarves: Novel function of gibberellins in plant
development. Trends Plant Sci. 10(3):123-129.



İzmirli and Yıldırım J. Anim. Plant Sci., 33 (3) 2023

714

Sahin, O. (2017). A proposal for the use of Mugla
Karabash (Lavandula stoechas L.) as food and
drink. J. Tour. Gastr. Stud. 5:37-49. DOI:
10.21325/jotags.110.

Tamokou, J.D.D., A.T. Mbaveng and V. Kuete (2017).
Chapter 8 - Antimicrobial Activities of African
Medicinal Spices and Vegetables. In: Medicinal
Spices and Vegetables from Africa, ed. Kuete,
V., 207-237, Academic Press, ScienceDirect.
https://doi.org/10.1016/B978-0-12-809286-
6.00008-X.

Tyler, L., S.G. Thomas, J. Hu, A. Dill, J.M. Alonso, J.R.
Ecker and T. Sun (2004). Proteins and
gibberellin regulated seed germination and floral
development in Arabidopsis. Plant Physiol.
135:1008-1019.

Upson, T. and S. Andrews (2004). The Genus Lavandula.
Timber Press, Portland, Oregon, USA.

Unal, O., S.F. Topcuoglu and M. Gokceoglu (2005). An
Investigation on Biological Characteristics of

Endemik Origanum Species in Antalya.
Mediterr. Agric. Sci. 18(1):1–14.

Yıldırım, M.U. and M. Hajyzadeh (2018). Effects of
mother corm diameter and plant growth
regulators on ex vitro corm propagule
regeneration in saffron (Crocus sativus L.). Rev.
Fac. Agron. (LUZ). 35:318-342.

Yıldırım, M.U., F.A. Özdemir, P.P. Kahriz, F. Nofouzi
and K.M. Khawar (2016). Preconditioning
Treatments Affect Regeneration on Different
Sized Saffron (Crocus sativus L.) Corms. J.
Field Crops Central Research Institute. 25:301-
305.

Yıldırım M.U., E.O. Sarıhan, H. Kul and K.M. Khawar
(2019). Diurnal and nocturnal variability of
essential oil content and components of
Lavandula angustifolia Mill. (Lavender). MKU.
J. Agric. Sci. 24(3):268-278.


