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Abstract: The objective was to evaluate the production and composition of lavender essential oil,
simultaneously at open field and greenhouse, in spring-summer season, under different types of
fertilization. Each cultivation system was considered an experiment (field and greenhouse), and in both,
the experimental design used was randomized blocks, with five treatments, being fertilization with
nutrient source - 100% mineral (100% M), 100% organic (100% O), 100% organomineral (100% OM),
50% organomineral (50% OM), and without fertilization (control), and three repetitions. Better
performance and productivity of Lavandula dentata is related to respectively 100% OM and 50% OM
fertilization in the field and greenhouse. The essential oil content does not differ between cultivation
systems and kind of fertilizers, and the majorities compounds were 1.8-cineol, fenchone and camphor.

Keywords: Lavandula dentata; Fertilization; Field cultivation; Greenhouse cultivation; Plant nutrition.

Resumen: El objetivo fue evaluar la produccién y composicion del aceite esencial de lavanda a campo
abierto e invernadero simulténeamente, en la temporada primavera-verano, bajo diferentes tipos de
fertilizacién. Cada sistema de cultivo fue considerado un experimento (campo e invernadero), y en
ambos, el disefio experimental utilizado fue bloques al azar, con cinco tratamientos, siendo la fertilizacion
con fuente de nutrientes 100% mineral (100% M), 100% organico (100% O), 100% organomineral (100%
MO), 50% organomineral (50% MO), y sin fertilizacion (control), y tres repeticiones. Un mejor
rendimiento y productividad de Lavandula dentata esta relacionado con una fertilizacion de 100% OM y
50% OM en el campo y en invernadero, respectivamente. El contenido de aceite esencial no difiere entre
sistemas de cultivo y tipo de fertilizante, y los compuestos mayoritarios fueron 1.8-cineol, fenchone y
alcanfor.

Palabras clave: Lavandula dentata; Fertilizacion; Cultivo de campo; Cultivo en invernadero; Nutricion
vegetal.
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INTRODUCTION

Lavender (Lavandula spp.) is a perennial shrub
belonging to the Lamiaceaes family, with aromatic,
medicinal and ornamental functions. The species L.
angustifolia, L. dentata and L. latifolia have the
greatest commercial importance, being cultivated
specially to essential oil extraction from the leaves,
branches and inflorescences (Adamuchio, 2017).

The lavender essential oil composition has
important  pharmacological functions, including
antioxidant, antibacterial, antifungal, and anxiolytic
actions (Pereira et al., 2016, Kivrak, 2018). Studies
have shown efficacy in treatments using essential oil
and a lower incidence of adverse effects compared to
other widely used drugs (Costa et al., 2011, Zuzarte
et al., 2011), even in cancer therapy (Oliveira et al.,
2015).

The essential oil quality needs a lot of
attention from the grower to attend the industries
requirements in relation to the minimum levels of the
predominant elements and the absence and / or
presence of certain compounds (Adamuchio, 2017).
The essential oils chemical composition can be
changed by several factors, the plant genotype is the
most determining aspect, but factors external to
plants such as nutrients availability and cultivation
system have the potential to influence the essential oil
production.

Adequate nutritional management guarantees
a high productive response from lavender, even
though it is not a very demanding crop in terms of
culture and relatively resistant. Care with fertilization
must be monitored by producers, since the lack or
excess of certain nutrients can cause changes in the
composition of the oil (Silva et al., 2017).

The cost of mineral fertilizers (an increased
risk of environmental contamination) makes
fertilization a major bottleneck in production. The
alternative fertilization sources such as organic
materials from animals and vegetables have been
shown positives impacts in economic, environmental
and development of many crops, including lavender
(Borges et al., 2019).

The main advantage of organic fertilizer is
your gradual solubilization of nutrients. The
continuous and slow availability of nutrients reduces
leachate losses and guarantees a constant nutrition of
plants throughout the development cycle (Silva et al.,
2017, Mumbach et al., 2019). In the literature, there
are researches with organo-mineral fertilizers in
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planting and leaf nutrition of crops such as potatoes
(Abdel-Nabi et al., 2016), beans (Rady et al., 2016)
and with potential expansion for species medicinal
products, such as lavender (Silva et al., 2017) and
basil (Silva et al., 2019).

The composition of essential oils is also
significantly altered according to the interaction
between plants and environment, especially solar
radiation and temperature (Zheljazkov et al., 2013,
Mambri et al., 2018). Cultivation in a protected
environment promotes changes in the environment
for plants, compared to cultivation in the open field,
due to the protection barrier of screens and plastic,
which can alter the metabolism and content of key
compounds in medicinal plants.

Studies on the influence of agricultural
systems and fertilizer sources in lavender still scarce
in the literature. So, the objective of this work was to
evaluate Lavandula dentata production,
simultaneously in open field and greenhouse, with
different fertilizers sources.

MATERIAL AND METHODS

Experimental area

The experiments were conducted at Gldria
Experimental Farm, belonging to the Federal
University of Uberlandia (18°57°S and 48°12°W).
The experimental area is located on BR 050, 12 km
from downtown Uberlandia, Minas Gerais State,
Brazil. According to the Koppen climate
classification, the region's climate is characterized as
AW (megathermic), presenting well-defined seasons
during the year, with dry winter and rainy summer.
The soil present in the study area is Eutrophic Red
Latosol (Embrapa, 1999).

The greenhouse was the high tunnel type, 8
m wide, 50 m long and 4 m high lateral with metal
structure and cover with agricultural plastic film with
a thickness of 150 microns. Before transplanting, a
soil sample was taken.

Lavender species (Lavandula dentata) were
used and the spacing of each plot was 80 cm between
rows and 50 cm between plants. The plots, in the
field and greenhouse, consisted of 3 lines of 7 plants,
the useful plot being the five plants of the central
line.

Initially, Lavandula dentata seeds (Topseed
Garden Sementes) were sown in 72 cell trays with
agricultural substrate for seedlings, containing
coconut fiber, sand and vermiculite. At 45 days after
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sowing, the fully formed seedlings were transplanted
to the experimental area, after soil preparation and
treatments application.

Experimental arrangement and treatments

Each cultivation system (open field and greenhouse)
was considered an experiment, conducted in a
randomized block design (DBC), with five treatments
and three repetitions. The treatments consisted of two
doses of organo-mineral fertilizer (Fabrication
Geocycle Biotechnology S/A): 100% and 50% of the
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amount determined based on the analysis of soil data
(field and greenhouse) (100% OM and 50% OM),
100% of the recommended for fertilization
exclusively via mineral (100% M), 100% of the
fertilization exclusively via organic (100% O),
having as source tanned bovine manure and absence
of fertilizer (control). The 100% refers to the
application of 500 kg ha* of 10-10-10 fertilizer.

The composition of the organic compost is
described in the Table 1.

Table N°1
Analysis of the bovine manure used in the experiment

Analyse Unit Dry base Natural moisture
110°C

pH CaCl; 0,01M (Ref. 1:2,5) pH 6.10
Density gcm? 0.42
Total moisture % 10.64
Total Nitrogen % 1.97 1.76
Total Organic Matter (Combustion) % 85.73 76.61
Organic Matter Compostable (Titration) % 60.01 53.62
Organic Matter Compost Resistant % 25.72 22.99
Total Carbon (Organic and Mineral) % 47.63 42.56
Organic Carbon % 33.34 29.79
Total Mineral Residue % 14.37 12.84
Insoluble Mineral Residue % 3.81 3.40
Soluble Mineral Residue % 10.57 9.44
C/N ratio (Total C and Total N) 24/1 24/1
C/N ratio (Organic C and Total N) 17/1 17/1
Phosphorus (Total P2Os) % 0.52 0.46
Potassium (Total K;0) % 2.18 1.95
Calcium (Total Ca) % 2.39 2.14
Magnesium (Total Mg) % 0.21 0.19
Sulfur (Total S) % 0.12 0.11
Boron (Total B) mg kg 40.00 36.00
Copper (Total Cu) mg kg* 18 16

Iron (Total Fe) mg kg* 3243 2898
Manganese (Total Mn) mg kg* 54 48

Zinc (Total Zn) mg kg* 48 43

Sodium (Total Na) mg kg?! 504 450
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The soil mineral analysis was determined
according to the method described by EMBRAPA
(2011). The physical and chemical analyses of the 0-
20 cm layer were as follows: pH H,O = 6.1; P = 95
mg dm3; K = 115 mg dm3; Ca = 3.6 cmol. dm; Mg
= 1.1 cmol. dm=3; Al = 0.0 cmol. dm=3, CTC= 8.3
cmolc dm3; V= 62.6%; M.O. = 3.7 dag kg* and C.O.
= 2.4 dag kg in the field and pH H,O = 6.2; P = 255
mg dm3; K =235 mg cmol. dm3; Ca = 6.4 cmol. dm-
3: Mg = 2.9 cmol. dm3; Al = 0.0 cmol, dm3, CTC=
12.7 cmol. dm3; V= 72.1%; M.O. = 6.5 dag kg and
C.0. = 3.4 dag kg* in the greenhouse. The soil
preparation was performed with the use of subsoiler
and a rotary hoe attached to the micro tractor for both
areas. The drip irrigation used was carried out every 2
days for 50 minutes.

Harvesting and evaluations

Harvesting was realized when the plants were in full
bloom. In both cultivation systems, the plants were
sectioned at a height of 20 cm from the ground level,
packed in plastic bags and destined to the Laboratory
for plants processing.

The variables analyzed were fresh and dry
mass of the aerial part, content (% per plant), yield (L
ha') and chemical composition of the essential oil.
Weed control was done by manual weeding every 15
days, or as needed. It was not necessary to realize
phytosanitary treatments.

To assess the fresh mass of the aerial part, the
plants were weighed on a precision scale. To
determine the dry mass, the samples were placed in a
drying oven at 105°C for 72 hours.

The essential oil was extracted via
hydrodistillation, using samples of 110 grams of fresh
leaves and flowers with Clevenger apparatus. The
distillation was carried out in approximately 45
minutes.

The chemical composition of the essential oil
was analyzed at the Photochemistry Laboratory of the
Federal University of Sergipe, using a chromatograph
coupled to a mass spectrometer (Shimadzu
QP5050A). The identification of the constituents was
carried out by comparing their mass spectra with
those in the equipment database (spectroteca NIST
107 and NIST 21) and by comparing the retention
indices calculated through co-injection, using a
homologous series of linear hydrocarbons (n- C8-n-
C19) with standards.

Nutritional management and cultivation systems of Lavender

Data analysis

A joint analysis was carried out between the studied
cultivation systems. The means of the variables were
subjected to analysis of variance and, when
significant, compared by the Tukey test at 5%
probability. All the analysis were performed in the
SPSS and SISVAR Software.

RESULTS

Fresh and dry mass

The interaction between fertilizer sources and
cultivation systems was significant for the parameters
fresh and dry mass, and biomass productivity
(Figures No. 1 and No. 2). The accumulation of fresh
and dry mass was higher in open field cultivation
when the plants received fertilization 100% OM and
100% O. Nutrient supplementation with 100% OM
revealed an increase in fresh and dry mass of 117.6
and 125.1% in relation to the greenhouse cultivation.
In the case of fertilization with 100% O, the increase
observed in the field was 61.4 and 59.6% in relation
to greenhouse cultivation (Figure No. 1).

Regarding fertilization in each cultivation
system, in greenhouse cultivation the fresh and dry
mass were stimulated with 50% OM, compared to
100% O, not differing from 100% M and control. In
this environment, the absence of supplementation
with nutrients was 78% higher than fertilization with
100% O source. In the open field, the plots fertilized
with 100% OM presented better performance
compared to fertilization with 50% OM and 100% O,
about fresh and dry mass of the aerial part of
lavender.

Plants that received supplementation with
100% M, 100% O and no fertilization showed
biomass productivity per hectare 120; 61.4 and
30.4% higher in the open field, compared to the
greenhouse (Figure No. 2).

Essential oil content and yield

The essential oil content did not differ significantly
between cultivation systems and fertilizers (Figure 3).
There were significant differences between the
sources of fertilization in greenhouse cultivation for
essential oil yield, ranging from 6.1 to 10.5 L ha.
The highest essential oil yield was significantly
obtained with 50% OM, being 81.4 and 85.3% higher
than fertilization with 100% OM and 100% O,
respectively. The other sources showed income

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 652



de Oliveira et al. Nutritional management and cultivation systems of Lavender

intermediate. For this evaluated variable, there was greenhouse (Table No. 2), it was identified 38
also no difference between the cultivation systems. compounds, being the majorities 1.8-cineol, fenchone
Regarding the composition of the essential oil and camphor.

of Lavandula dentata in the field and in the
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*Values followed by the same lower case letters between fertilizer sources and upper case letters between
cultivation systems do not differ statistically according to Tukey test (0.05)
Figure N°1
Fresh and dry mass (g) of Lavandula dentata plants under cultivation systems (field and greenhouse) and
fertilization sources (OM- organo-mineral, O- organic, M- mineral and control)
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*Values followed by the same lower case letters between fertilizer sources and upper case letters between
cultivation systems do not differ statistically according to Tukey test (0.05)
Figure N°2
Biomass productivity (kg ha') of Lavandula dentata under cultivation systems (field and greenhouse) and
sources of fertilization (OM- organo-mineral, O- organic, M- mineral and control)
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*Values followed by the same lower case letters between fertilizer sources and upper case letters between
cultivation systems do not differ statistically according to Tukey test (0.05)
Figure N°3
Essential oil concentration (%) and yield (L ha?) of Lavandula dentata under cultivation systems (field and
greenhouse) and fertilizer sources (OM- organo-mineral, O- organic, M- mineral and control)

Table N°2
Average percentage (%) of the chemical compounds found in the essential oil of Lavandula dentata in the
field and in the greenhouse

100% OM 50% OM 100% M 100% O Control
Compounds Field  Green Field Green Field Green Field Green Field Green
Iret  RRLI  RORI house house house house house
a-pinene 7.9 932 916 4.82 4.00 422 364 430 393 4.03 4.14 3.67  4.06
Camphene 8.4 946 930 1.49 1.19 124 121 124 121 115 1.17 1.08 1.23
Sabinene 9.1 969 955 1.32 1.17 124 095 135 117 1.23 1.18 112 118
Octen-3-ol <1> 9.2 974 959 6.64 5.56 591 517 626 594 587 6.16 549 570
Myrcene 9.5 988 970 1.47 1.07 1.05 084 124 114 119 1.24 1.08 1.07
1,8-cineol 11.1 1026 1020 41.91 56.60 4253 46.08 42.73 41.81 4140 4124 4349 4401
NI 12.1 1051 0.33 0.58 022 023 000 029 0.22 0.26 0.27  0.00
Fenchone 129 1083 1073 12.17 1143 1328 13.70 12.68 13.42 13.18 13.07 1346 12.98
Linalol 131 1095 1083 2.61 5.55 205 193 217 281 236 2.73 244 201
Endo-fechol 136 1114 1097 1.78 0.29 117 142 109 215 1.15 2.10 1.78 093
Exo-fenchol 13.8 1118 1101 5.52 5.57 494 579 501 613 496 591 6.05 459
allo-ocimene 139 1128 1107 0.27 0.35 025 024 025 026 0.26 0.26 0.25 0.24
Camphor 14.8 1141 1133 11.87 11.57 1474 14.02 1463 13.72 1587 1357 13.76 15.14
pinocarvone 151 1160 1146 0.37 0.32 035 031 029 027 031 0.27 029 0.29
Isoborneol 153 1155 1150 1.89 0.43 163 149 162 159 1.65 1.65 158 153
Terpinen-4-ol 155 1174 1159 0.29 1.07 032 025 032 026 030 0.25 0.25 0.30
iso-pinocampheol 159 1176 1169 0.40 0.74 044 032 040 032 045 0.36 034 042
a-terpineol 16.0 1186 1173 1.08 0.23 1.09 075 113 091 117 0.99 094 1.01
myrtenal 16.2 1195 1179 0.72 0.21 073 059 068 057 0.69 0.58 056 0.70
Carvone 175 1239 1223 0.27 0.38 022 000 0.00 0.00 0.22 0.00 000 021
Caryophyllene oxide 27.1 1582 1566 0.63 0.40 047 035 041 036 040 0.63 0.00 0.38
B-eudesmol 28.7 1646 1632 0.38 0.29 03 021 042 050 0.27 0.31 0.53  0.00
a-epi-bisabol 29.3 1683 1657 0.36 0.22 026 000 033 026 025 0.33 026  0.29
z-lanceol 308 1760 1721 1.42 0.79 076 047 096 081 0.76 1.28 0.84 0.88

Tret: retention time; RLLI: Relative-Literature Retention Index; RORI: Relative-observed Retention Index;
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The sum of the percentages of the
predominant compounds in the essential oil of
Lavandula dentata represented approximately 80%.
The statistical analysis of the average percentages of
1.8-cineol, fenchone and camphor did not present
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significant interaction between planting systems and
fertilizers, as shown in Table No. 3. Only a
significant difference was observed between field and
greenhouse for the 1.8-cineole compound.

Table N°3
Average percentage (%) of the majorities compounds found in the essential oil of Lavandula dentata in
function of system of planting and fertilizers

1.8-cineol
System of planting ~ Mineral Organic  100% OM 50% OM Control Means*
Greenhouse 42.74 44.26 42.58 42.61 43.28 43.10b
Field 46.45 46.63 45.63 44.29 46.33 45.86a
C.V.(%) 5.96
Fenchone
Greenhouse 14.25 14.23 14.52 13.57 14.25 14.16a
Field 13.79 13.81 13.85 13.30 13.58 13.66a
C.V.(%) 8.25
Camphor
Greenhouse 21.86 21.60 22.66 22.96 21.02 22.02a
Field 22.57 22.63 22.17 21.38 23.02 22.35a
C.V.(%) 7.97

*Values followed by the same lower case letters do not differ statistically according to Tukey test (0.05)

DISCUSSION

The response of lavender to dosage and source of
fertilizer is dependent on the cultivation system.
Correa et al. (2010), highlighted that the
recommendation for organic fertilizers must be in
accordance with the dosage and genotype of the
species. In addition to these factors, we can observe
that the cultivation environment also has a marked
effect on the yield of biomass and lavender essential
oil. According to Wang et al. (2019) successive
applications of organic material inputs in acidic soils
can increase the abiotic and biotic immobilization
capacity of N, which disadvantages production.

The organic portion of fertilization provides
many benefits to the soil; its presence contributes to
the maintenance of biota and better use of nutrients.
In addition, organic matter tends to protect the soil
from erosion and compaction generated by intense
winds and rains. As a result, the fertilizer segment
that combines organic and mineral fertilization
reflects great opportunities for innovation (Dias et al.,
2018) and improves performance and environmental
sustainability (Keshavarz et al., 2018).

According to Yang et al. (2018), organic
fertilizer helps to retain water in the soil, increasing

the efficiency of water use. Associated with the
presence of nutrients from the mineral fraction, the
contribution of the elements readily available for
plant growth is obtained. Thus, the OM provide the
soil with the physical and chemical conditions
necessary for an optimal development of the root
system and, consequently, growth of the aerial part,
as evidenced in the present study (100% OM in field
cultivation, which can be reduced by half - 50%, in
greenhouse cultivation).

Plants under protected cultivation generally
thrive under controlled climatic conditions and less
pressure from biotic agents, which generally favors
the vigor and growth of plants, due to the interactions
between plant metabolism and external factors. In the
present study, however, the field plants showed more
exuberant growth, with greater biomass response. It
can be assumed that the greenhouse effect, due to the
higher concentration of heat inside the structure, may
have led to a photoinhibition and reduction in the
photosynthetic capacity of the culture, pointing to a
deleterious effect of excess heat (Pinto et al., 2007;
Meira et al., 2012).

Variations in biomass and oil yield of
medicinal plants are found in the literature and
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correlated with the climatic conditions of the
different environments or even climatic variations
between the seasons of the same cultivation site
(Zaouali et al., 2010, Lopez et al., 2015, Silva-Flores
et al., 2019). According to Tounkara et al. (2020), the
different answers to the application of fertilizers are
also related to the interaction with the wvarious
components of the cultivation systems and their
environment, which can also be changed between
fields and years.

To obtain valuable lavender essential oil,
Hassiotis et al. (2014), suggest to harvest when
flowering reaches at 60%, ambient temperature is
over 26°C and no precipitations were occurred ten
days before harvesting.

Field productivity of plants that received
100% OM stood out with 25.8 t hat. Sonmez et al.
(2018), reported lavender yield of 14.99 t ha?, in
Mediterranean conditions. It was observed that
productivity in the conditions of Minas Gerais is
favorable and potential for the production and
extraction of lavender oils, which was also
highlighted by Martins et al. (2019).

With respect to the greenhouse, the moisture
present in the soil, in a more stable way and with less
gas exchange, compared to the reality of the field,
allows the soil solution to be in better balance with
the root system, which optimizes the use of nutrients.
This fact reflected a better response to the 50%
reduction to the recommended dose in the
greenhouse.

The essential oil content did not vary
between cultivation and fertilization systems. In
literature there is variation between the oil
concentration found according to the region, climatic
conditions and management. Silva et al. (2017) found
levels between 0.4 to 0.5%, within what was
observed in the present study. In general, higher
values are found in L. angustifolia, between 0.6 -
2.6% (Rashed et al., 2017, Chrysargyris et al., 2016,
Kirimer et al., 2017).

In this present study L. dentata produced 38
components, being 1.8-cineol, fenchone and camphor
the majority. Giannoulis et al. (2020) in lavender
evaluation under supplementation with biostimulants
reported the presence of 48 compounds, with great
variation between the tested biostimulants, the
expressive difference in this study referred to the
difference in the composition of the biostimulants.
Therefore, the difference is related to the components
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that may be present in the organic fractions of the
different associated organic products, both those
applied and those present in the soil of the cultivation
site.

At the same region of study of the present
work, Silva et al. (2017), also found the same
majorities compounds of L. dentata essential oil. And
1.8-cineol and camphor presented higher quantities at
open field in relation to the greenhouse.

The beginning of spring increases the
photoperiod, and thus plants are exposed to light for a
longer period. Since lavender plants respond to this
longer photoperiod by the flowering, chemically
speaking, the amount of 1,8-cineol increases with the
increase in solar radiation. The increase of camphor
in the field is also a result of the increased activity of
plants in the secondary metabolism (Silva et al.,
2017).

Similar results were found by Bousmaha et
al. (2005), in L. dentata, the authors observed higher
levels of 1.8-cineol (36.4%), b-pinene (8.1%),
limonene (3.9%) in essential oil extracted from the
aerial part, while the composition of the essential oil
of the flowers, presented low levels of these
constituents, being 21.5% of 1.8-cineol, 6% of B-
pinene and 2.5% limonene.

Prins et al. (2010) reported that 1.8-cineole
components, camphor, and L-fenchone accounted for
80% of all chemicals in essential oil of L. dentata.
Touati et al. (2011) also observed 1.8-cineole,
camphor, and L-phenone as major compounds,
accounting for 33.54, 18.89, and 8.36% in the leaf
oils and for 19.85, 23.33, and 7.13% in the flower
oils, respectively.

Oils with a high concentration of camphor
are generally intended for the pharmaceutical
industry that needs higher concentrations of this
component. The constituents 1.8-cineol and camphor
give the essential oil of L. dentata antifungal and
bactericidal properties, respectively (Khan and
Abourashed, 2009).

CONCLUSIONS

The organo-mineral fertilizer provided better
performance to lavender cultivation. In a greenhouse
the amount of fertilizer can be cut in half of the
recommendation dose. The essential oil content does
not differ between the cultivation systems and
fertilizers for Lavandula dentata and its majorities
compounds are 1.8-cineol, fenchone and camphor.
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