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ABSTRACT

The objective of this research was to evaluate the effect of
successive harvesting times and shading on the production of biomass,
yield and phytochemical composition of essential oil in leaves and
inflorescences of soilless grown Lavandula dentata. Plants were
grown in pots filled with sand, inside a polyethylene greenhouse,
in a closed system at UFSM. Plants were harvested at 150, 213 and
320 days after planting date (DAP) in winter, spring and summer,
respectively. At 150 DAP, a 50% shading screen was installed. The
experimental design was a randomized 3x2 factorial in subdivided
plots with 36 plants per subplot. Fresh (FM) and dry mass (DM), yield
and chemical composition of essential oil in leaves and inflorescences
were determined after each harvest date. The essential oil was
extracted, using 70 g fresh mass of leaves and of inflorescences,
respectively. Identification and quantification of compounds in
the essential oil were determined by gas chromatography/mass
spectrometry (GC/MS). The FM of inflorescences was higher on
plants harvested 213 DAP grown without shading while of leaves it
was higher on plants harvested 320 DAP grown without shading. The
yield of the essential oil was higher in the leaves of plants harvested
320 DAP grown without shading. Thirty-one compounds were
identified and quantified, being the major ones 1.8 cineol, camphor
and linalool, without significant difference among treatments. Three
consecutive harvests can be made in August (150 DAP), October (213
DAP) and February (320 DAP) without replacing plants.

Keywords: Lavandula dentata, aromatic plant, phytomass, solar
radiation.

RESUMO

Rendimento e composi¢io do o6leo essencial de lavanda
cultivada em substrato

Avaliou-se o efeito de sucessivas épocas de colheita ¢ do som-
breamento na produgdo de fitomassa, rendimento e composi¢ao
fitoquimica do 6leo essencial de folhas e inflorescéncias de Lavandula
dentata em cultivo fora do solo. As plantas foram cultivadas em vasos
preenchidos com areia, no interior de um abrigo de polietileno, em
sistema fechado na UFSM. Foram realizadas trés coletas sucessivas
aos 150, 213 e 320 dias apos o plantio (DAP), no inverno, primavera
e verdo, respectivamente. Aos 150 dias apos o plantio, foi instalada
tela com 50% de sombreamento. O delineamento experimental foi
fatorial 3x2 casualizado em parcelas subdivididas com 36 plantas
por subparcela. A massa fresca (MF) e seca (MS), o rendimento e
a composicdo quimica do 6leo essencial de folhas e inflorescéncias
foram determinados em cada coleta. O dleo essencial foi extraido
utilizando 70 g de massa fresca de folhas e de inflorescéncias, respec-
tivamente. A identificag¢@o e a quantificagdo dos compostos no 6leo
essencial foram determinadas por cromatografia gasosa/espectrome-
tria de massas (GC/MS). A MF das inflorescéncias foi mais elevada
na colheita, aos 213 DAP sem sombreamento, enquanto a MF de
folhas foi mais elevada na colheita de 320 DAP sem sombreamento.
O rendimento do 6leo essencial foi mais elevado nas folhas, aos
320 DAP sem sombreamento. Foram identificados e quantificados
31 compostos, sendo majoritarios 1,8 cineol, canfora e linalol sem
diferenca significativa entre os tratamentos. Realizando o plantio em
substrato no inicio de margo podem ser feitas trés colheitas sucessivas
em agosto (150 DAP), outubro (213 DAP) e fevereiro (320 DAP)
sem substituicdo das plantas.

Palavras-chave: Lavandula dentata, planta aromatica, fitomassa,
radiacdo solar.
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lants with aromatic and medicinal

properties, such as lavenders, have
been attracting growing interest in
the national market. Their bioactive
secondary compounds are used to obtain
products with perfumery or therapeutic
action. Lavandula dentata, popularly
known as French lavender are plants
grown commercially for the extraction
of essential oil and also employed as

ornamentals and for honey production.
Lavender has a wide adaptation in
diverse climatic and soil conditions,
being found in several countries in
Europe, the Middle East, Asia and North
Africa where it is used as source of raw
material in the pharmaceutical, food,
cosmetics, aromas and agroindustry
(Biasi & Deschamps, 2009). In Brazil,
through technology and innovation for
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cultivation, it is possible to achieve
significant productivity of this species
(Silva, 2015).

Several compounds were cited as
major components in lavender essential
oil in plants grown in Algeria, Saudi
Arabia, Spain, Morocco and Turkey:
1,8 cineole, camphor, borneol, fenchol,
a-pinene, B-pinene, trans-pinocarol
and linalool (Bousmaha et al., 2005).
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Among these, some have antibacterial
and antifungal properties (Aly et al.,
2013), antioxidants and citotoxicity
(Imelouane et al., 2010; Abdel-Hady
et al., 2014). The composition and the
relative proportion of the individual
components constituting the essential
oils are not constant, may vary according
to the harvest times, the development
stage of the plant and the different part
of the plant (Bousmaha et al., 2005).
According to Zheljazkov et al. (2013),
the chemotype of the plant changes
according to interactions with the
environment such as temperature and
solar radiation.

Lavender for essential oil production,
in Brazil and other countries, is cultivated
mainly in the field, with up to two annual
harvests, when there is regrowth,
usually made at maximum vegetative
plant growth and/or full flowering
(McNaughton, 2006). In southern Brazil,
the growth and development of plants in
conventional cultivation in soil in the
winter months suffer negative effects
of low temperatures and high rainfall
(Alvares et al., 2014). To minimize these
effects, the cultivation off-soil and in
greenhouse is the alternative that allows
the management of environmental
conditions such as temperature and
solar radiation intensity, as well as the
availability of water and nutrients. The
greenhouse also allows a better planning
of production throughout the year. From
the industrial point of view, several
harvests of aromatic plants throughout
the year are favorable for commercial
production of essential oils.

The intensity of solar radiation can
affect the growth, yield and composition
of lavender essential oils (Zheljazkov
et al., 2013). Solar radiation varies
naturally throughout the seasons. In the
central region of the State of Rio Grande
do Sul, global solar radiation intensity
is close to 8.4 MJ m? day! in the winter
months and can reach values close to
40 MJ m* day! in summer (Alvares et
al., 2014). The intensity in winter is in
the trophic limit that has been indicated
for the summer growing vegetables
(FAO, 2013) while that in summer
can reduce growth and affect plant
physiology because it mainly alters the
water potential of the plant. Publications
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show that the growth of lemon balm
(Melissa officinalis) cultivated in soil
was favored by shading (Brant ef al.,
2009) and reduced in basil plants
(Ocimum basilicum) grown in pots in
the greenhouse (Chang et al., 2008).
In both species, shading affected the
composition of the oil. No results were
found in the literature about the growth
and yield of lavender oil at different
planting periods through the year nor
the effect of solar radiation intensity
over these variables.

The objective of this research was
to evaluate the effect of successive
cropping periods and two intensities
of solar radiation in the production
of biomass, yield and phytochemical
composition of the essential oil of leaves
and flowers of Lavandula dentata grown
on substrate.

MATERIAL AND METHODS

The experiment was conducted
in a polyethylene greenhouse in the
experimental area of Plant Science
Department of Federal University of
Santa Maria (UFSM) from March 8,
2014 to February 6, 2015. The climate of
the region is Cfa, subtropical humid with
no defined dry season (Alvares ef al.,
2014). The global solar radiation and the
daily air temperature inside greenhouse
were measured by Electronic Recorder
(RHT10, Humidity and temperature
USB datalogger® and Dagpro 5300
brand Fourier®). The average daily
temperatures were 18.2°C, 19.8°C and
25°C from planting date until harvest
on each planting period: August (T1-
150DAP), October (T2-213DAP) and
February (T3-320 DAP), respectively.
The mean solar radiation was 8.84, 10.41
and 17.49 MJ m™ respectively, in the
same periods. For plants, growing under
shading conditions, in the T2 and T3
seasons, the average temperatures were
21.1°C and 27.1°C and solar radiation
5.20 and 8.74 MJ m, respectively.

The material used for plant
cultivation was composed of benches
with 0.8 m height, made up by fiber
cement tiles with 3.95 m in length and
1 m in width, supported with slope
of 1% on a masonry structure. Tiles

were coated with clear low density
polyethylene film (100 pum). Gullies,
6 cm high and 18 cm apart, were filled
with medium-sized basaltic stone used
in civil construction, with a particle size
between 15 and 20 mm. Polypropylene
pots (3 liter capacity) were filled with
sand particles (>3mm, 1.6 kh dm?)
with water retention capacity of 238
mL dm?. These pots were allocated
above the gravel, arranged on benches
in three rows, 35x30 cm between rows
and vessels in the row, totaling 36 pots
per bench, one plant per pot.

Seedlings with a mean height of 15
cm were purchased locally and planted
in pots at a density of nine plants per
square meter. The nutrient solution
was used for the soil-free cultivation
of rosemary, with the following ionic
composition, in mmol L': 9.17 of NO;;
1.36NH,"; 1.0 H,PO,; 4.0K"; 4.46 Ca™;
2.0 Mg™?and 2.0 of SO,?. Micronutrients
were supplied at concentrations of, in
mg L, 0.03 of Mo; 0.26 B; 0.06 Cu;
0.50 Mn; 0.22 of Zn and 1.0 mg L' of
Fe in the chelated form (Frescura, 2014).
Macronutrients were supplied through
fertilizers potassium nitrate, monobasic
ammonium phosphate, calcium nitrate-
Calcinit® and magnesium sulfate. The
electrical conductivity of this nutrient
solution was 1.0 dS m! and the pH
was 6,0.

The nutrient solution was supplied
through drip tapes connected to a pump
submerged inside the reservoir, activated
by a time programmer. For each row of
vessels, a drip tape was distributed, with
one dripper per vessel with 1.8 L h'l. A
drainage coefficient of 30% was used
in each fertirrigation and the drained
solution was collected and returned to
the storage tank, in a closed system. Up
to eight 15-min daily fertirrigations were
estimated, taking into account maximum
incident solar radiation, maximum
potential transpiration of vegetables
per unit foliar area (FAO, 2013) and
the crop development stage, in order to
maintain volume of water available in
the substrate always close to that in the
maximum water holding capacity.

The electrical conductivity was
measured every two days and corrected
whenever a variation of 10% was verified
in relation to the initial value (1.0 dS
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m'), by adding water or aliquots of new
nutrient solution, with concentration
and volume adjusted to reach the initial
value. The pH was maintained between
5.5 and 6.5 tolerating a deviation of
0.2 units by adding NaOH or H,SO,
in the IN concentration as needed.
The nutrient solution inside reservoirs
was completed whenever the volume
reached 50% of the original volume.

Three harvest periods were compared
in winter (T1-150 DAP), spring (T2-213
DAP) and late summer (T3-320 DAP),
respectively. Plants were harvested on
each period at senescence of the basal
leaves. On the first harvest period (T1),
all plants of the experimental area were
harvested at 150DAP. All secondary
stems were pruned in the third stem from
the beginning of the stem. Immediately
after this first harvest, shading was
applied through a black polypropylene
screen with 50% reduction of the
global solar radiation, installed at 1.50
meters above the top of plants in 50%
of the internal area of the greenhouse,
remaining until the end of experiment.
Shaded and no-shaded plants were left
to regrow after each harvest. The T2
and T3 treatments were harvested at 213
and 320 DAP respectively, according to
the same criterion adopted for the first
harvest.

The experimental design was
randomized plots subdivided in a 3x2
factorial scheme, the harvest periods
(150, 213 and 320 DAP) in plots and
the intensity of solar radiation (without
and with shading) in subplots. Each
plot consisted of a bench with 36
plants, with four replications. Growth
determinations were made on ten plants
drawn in the rows, excluding borders.

In each crop the inflorescences were
manually separated from leaves and the
fresh mass of inflorescences (MFI) and
leaves (MFF) were evaluated. After
harvest, inflorescence and leaves were
dried in a forced circulation oven at
60°C until constant mass, obtaining
the dry mass of inflorescence (MSI)
and leaves (MSF). The fresh mass of
the remaining plants in each plot was
used to extract the essential oils in the
laboratory.

For the extraction of the essential oil,
the collected leaves and inflorescences

were stored in a freezer at 4+0.1°C.
Leaves and inflorescences (70 g) were
crushed and deposited in the distillation
flask, adding 500 mL of water and
hydrodistilled in Clevenger type
graduated apparatus during three hours.
The essential oil was separated from the
water and dried over anhydrous sodium
sulfate and stored at -4°C. Analyzes
were performed with four replicates.

The essential oil content (%) was
calculated from a ratio between the mass
of essential oil and the sample biomass
(oil mass/sample mass), while the yield
of the essential oil (g) was calculated
from the ratio between the mass of oil
and the fresh mass of leaves and flowers
of the plant {(fresh mass x mass oil)/
sample mass}.

Composition of oil was determined
by gas chromatography (GC) connected
to a flame ionization detector (FID) in
a system Agilent Technologies 6890N
GC-FID®, equipped with capillary
column HP 5SMS (30 m x 0.25 mm,
and 0.25 mm). Helium was used as the
entrainment gas at a flow rate of 1.3 mL/
min. The thermal programmer was 50-
300°C at a rate of 5°C/min. Duplicates
of samples were processed in the same
manner. Relative concentrations of the
components were calculated based on
GC peak areas without use of correction
factors. The volume of oil injection was
1 pL.

GC-MS analyzes were performed
on an Agilent Technologies system
AutoSystem XL GC-MS operating
in mode EI at 70 eV, equipped with a
split injector (250°C). The transfer line
temperature was 280°C. Helium was
used at a flow of (1.5 mL min™'") equipped
with HP SMS capillary columns (30 mx
0.25 mm; 0.25 mm film thickness) and
an HP innowax (30 m x 0.32 mm; 0.50
mm of film thickness). The temperature
program was the same as that used for
GC analysis. The volume injected was
1 uL of the essential oils. The essential
oil components were identified on the
basis of the retention index (IR), with
data of mass spectra and IR of literature
(Adams, 1995).

Data were submitted to analysis of
variance and significance of differences
between the means determined by the
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test of Tukey, 5% probability, using the
program SISVAR.

RESULTS AND DISCUSSION

There was a significant interaction
between the three harvesting periods
and shading for the evaluated fresh
mass (MFI) and dry mass (MSI)
characteristics of inflorescences (Table
1). The highest fresh mass means of
inflorescences were observed in the
harvest done in August before shading.
50% shading reduced the inflorescence
yield by 37% in the harvest made at 213
DAP and 83% at 320 DAP.

For fresh leaf mass a significant
effect was found among periods, but no
significant effect of shading. However,
mean dry mass of leaves showed a
significant difference in shading and
harvest periods. While the fresh leaf
mass at 213 DAP and 320 DAP was
similar in the no-shaded and shaded
plants, dry mass of shaded plants was
36% and 38% lower at 213 DAP and
320 DAP, respectively. These results
differ from those obtained by Brant et al.
(2009) testing Melissa officinalis, using
black mesh with 50% reduction in solar
radiation; they verified that growth was
favored in full sun cultivation. However,
similar effect was described by Gomes
et al. (2009) studying Lippia citriodora
with fresh and dry mass reduction by
shading of 30%, 50% and 75%. These
differences may be associated to the
availability of water, since in the soilless
cultivation fertigation was adjusted in
order to fully meet the diurnal water
needs of plants.

The biomass production obtained
in this study was superior compared to
cultivation data in different regions of
Brazil. In Uberlandia, Minas Gerais, the
maximum biomass of leaves was 61 g
plant! in protected cultivation (Silva,
2015), while in the present experiment it
reached a total of 910.4 g plant' (Table
1). In the Curitiba region, inflorescences
production was 9.08 g plant! in field
crop (Masetto, 2009), while in the
present research we obtained 42.73
g plant!. These differences can be
attributed to the cultivation outside
soil, to the harvesting period and to the
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Table 1. Fresh and dry mass (g plant™!) of inflorescences and leaves of Lavandula dentata in
three harvest periods with and without shading. Santa Maria, UFSM, 2014.

Inflorescences

Periods (DAP) Fresh mass (g plant™) Dry mass (g plant')

Shading

0% 50% 0% 50%

150 33.88B 7.95B
213 89.56 Aa 56.47 Ab 29.74 Aa 0.57 Ab
320 14.29 Ca 2.39 Bb 5.04 Ca 0.63 Ab

Leaves
150 276.43 B 49.10 C
213 238.66 Ba 239.27Ba 70.30 Ba 44.80 Bb
320 395.31 Aa 33434 Aa  121.30 Aa 75.40 Ab

Means followed by the same uppercase and lowercase letters in columns and lines respectively,
do not differ significantly from each other, Tukey, p<0.05). DAP= Days after planting.

Table 2. Oil yield (g plant') of leaves and inflorescences of Lavandula dentata in three
harvest periods with and without shading. Santa Maria, UFSM, 2014.

Yield (g plant?)

Inflorescences Leaves
Periods (DAP) -
Shading
0% 50% 0% 50%
150 0.38 A - 0.52C -
213 0.60 Aa 0.18 Ab 1.14 Ba 0.61 Bb
320 0.15 Aa 0.01 Bb 2.40 Aa 1.57 Ab

Means followed by same uppercase and lowercase letters in columns and lines respectively,
do not differ significantly from each other, Tukey, p<0.05).

harvesting of several harvests during
the year.

The essential oil yield of the
fresh plant parts including leaves and
inflorescences, varied depending on
the harvesting periods and shading
(Table 2). The leaves presented higher
yields than inflorescences, both in the
no-shaded and shaded condition. These
results differ from those found by Touati
et al. (2011) in Tunisia, with the same
species and stage of development,
where the yield of inflorescences was
32.4% higher than that of leaves. This
difference indicates that plants of the
same species, grown in different regions
may present different results in the
accumulation of aromatic compounds.

The yield of leaf essential oil was
higher in the harvested crop at 320 days
after planting (2.4 g plant?) followed
by 213 DAP (1.14 g plant?’) and 150
DAP (0.52 g plant!). Shading reduced
the oil yield by 46.5% and 31.6% in the
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periods 213 DAP (in spring) and 320
DAP (summer), respectively. Results
from literature on the effect of shading
on the production of essential oil showed
that each species reacts differently.
Reduced levels of solar radiation
increase essential oil yield in basil
plants (Ocimum gratissimum) (Ade-
Ademilua et al., 2013) and pariparoba
(Pothomorphe umbellate) (Mattana et
al., 2010) while decrease in peppermint
(Mentha arvensis) (Chagas et al., 2013)
and herb-copaiba (Otacanthus azureus)
(Serudo et al., 2013). The results of this
work indicate that Lavandula dentata
can be included in the second group.

The highest flower yield was
obtained at 213 DAP (spring). At
320 DAP (summer) there was a 25%
reduction in essential oil yield. This
reduction is attributed to the lower
number of inflorescences at that time
as well as to a higher proportion at the
senescence stage at harvest time (data

not shown). The highest content of
L. dentata oil in inflorescences at the
bud stage has been demonstrated in
literature (Masetto ez al., 2011). Effect of
temperature and stage of development of
Lavandula angustifolia inflorescences
on oil yield was also observed by
Hassiotis ez al. (2014). In addition to this
quantitative variation, the results also
showed a qualitative variation between
the essential oils of the two parts of the
evaluated plant. These differences may
be adaptive responses to ecological
requirements. The results indicated that
temperature and solar radiation increase
the accumulation of volatile compounds.
The same was found in research done
with Lippia alba (Barros et al., 2009)
and Salvia officinalis (Verma et al.,
2015) where results showed that the
harvest period during the year affected
yield and quality of essential oil.

In GC-MS chromatographic
analyzes all 31 constituents were
identified representing 96-95% of the
total essential oil in inflorescences and
plant leaves (Table 3). In leaves the major
constituents were 1,8 (38.57 to 41.09%),
linalool (10.56% to 15.62%), camphor
(9.32% to 10.43%) and sabinene (3.91%
to 5.61%). In inflorescences, the main
constituents were 1,8 cineol (32.48%
to 40.65%), camphor (18.32% to
25.14%), linalool (7.22% to 11.59%)
and fenchone (5.72%). The contents
of the constituents found in this work
differ from those found in literature,
which also vary among L. dentata
plant-producing regions. In Algeria,
the major compounds were 1,8-cineol,
B-pinene, trans-pinocarveol and linalool
(Bousmaha et al., 2005). In Morocco,
the relative concentrations of beta-
pinene, mirthenol and alpha-pinene
were higher (Imelouane et al., 2010),
while in Egypt other major constituents
were found, as menta-1,5-dien-8-ol,
caryophyllene, guiaol (Abdel-Hady
et al., 2014). In this work some of
these compounds are present in small
amounts and others have not been found.
These differences probably reflect the
differentiated physiological responses of
plants to conditions in the environment
where they were grown, resulting in
variability in phytochemical content.

There was variation in the
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Table 3. Chemical composition of the volatile oil of Lavandula dentata in three harvest periods (DAP) with and without shading. Santa

Maria, UFSM, 2014.

Inflorescences Leaves
Constituent RI® 213 320 213 320
150 150

0% 50% 0% 50% 0% 50% 0%  50%
a-tujone 930 0.15 0.09 024 0.18 0.21 0.23 - - 0.09 0.11
a-pinene 939 3.07 3.01 298 3.25 3.19 2.98 3.49 3.51 2.78 2.81
camphene 953 126 1.13 137 0.98 1.07 0.15 0.16 0.24 0.14 032
sabinene 976 4.09 3.75 3091 4.17 4.25 5.37 3.94 5.61 435 3091
B-pinene 980 085 0.82 0.89 0.79 0.80 0.54 0.29 0.53 0.18 0.25
mircene 991 0.13 - 0.07 0.10 0.19 1.09 1.03 1.48 0.75 0.86
limonene 1031 145 1.39  1.62 1.35 1.58 0.12 0.10 0.17 1.48 1.93
1,8-cineole 1033 37.64 35.01 40.65 3248  36.27 41.09  38.57 40 39 40.20
y-terpinene 1062 1.03 098 1.0l 1.04 1.11 0.41 0.39 0.47 084 096
E’; dsrilt’énene 1068 085 079 0.56 0.63 078 007 011 0.5 - 0.09
g’;i'élenalo"l 1074 - 008 0.13 009  0.12 - - - 0.16 027
fenchone 1087 571 5.69 5.78 5.71 5.74 3.09 3.12 3.78 413 446
terpinolene 1088 049 023 048 0.17 0.19 1.58 1.38 1.49 .61 1.73
linalool 1098 10.05  8.17 11.59 10.91 7.22 15.04 1497 15.60 10.50 13.20
fenchol 1112 2.39 2,12 3.28 2.46 3.04 2.76 3.01 3.10 1.89 2.14
canphor 1143 18.32 18.95 25.14 18.58 21.73 9.86 9.32 1040 10.10 10.30
borneol 1165 062 061 0.78 0.31 0.92 0.19 - - 0.07 0.12
lavandulol 1167 0.07 0.13 0.25 0.69 0.71 - 0.41 0.58 - 0.16
4-terpineol 1177 124 1.05 1.18 1.50 1.09 3.87 2.93 3.09 246  2.67
a-terpineol 1189 2.98 3.14 296 2.96 3.05 1.62 0.98 1.07 1.95 2.04
verbenone 1204 0.17 - 0.11 0.11 - 0.14 0.20 0.27 - -
Monoterpene (%) 92.56 8632 100 88.46  93.26 82.46 8440 91.54 82.48 86.49
linalool acetate 1257  0.12 - - - - 1.96 0.87 2.15 0.11 3.09
lavandulil acetate 1289 1.03 094 147 1.47 0.87 0.51 - 0.73 - 0.86
geranil acetate 1383 - - - 0.01 0.07 - - 0.13  0.18
[B-cariofilene 1418 0.13 - 0.24 0.24 0.26 0.24 - 0.08 0.01 0.27
farnesene 1420 0.71  0.56 0.49 0.49 0.75 1.48 1.56 0.97 132 1.61
germacrene D 1480  0.03 - - - 0.11 - - - 0.18 0.24
isoval lavandulil 1510 025 047 0.73 0.73 0.78 0.75 0.63 1.09 021 1.27
cariofilene oxyde 1581 0.17 0.17 0.23 0.23 0.19 3.12 2.76 2.81 2.40 3.08
cadinool 1640 2.05 2.14 1.84 1.84 2.03 0.15 0.09 0.34 - 0.63
a-bisabolol 1683 - 0.15 - - - 1.37 - 0.16 0.05 024
Sesquiterpenes (%) 449 428 5 5 5 8.28 591 8.17 436 11.23

“Retention indices from literature (Adams, 1995).

composition and proportion between
leaves and inflorescences, standing out
the camphor, which was reduced to
approximately half and linalol, which
was superior in leaves. Differences
in composition and proportion of the

chemical constituents in the essential
oil by the luminosity conditions
confirm observations of Mattana et al.
(2010) who showed that, although the
concentration of the major compound
trans-nerolidol is reduced in shaded
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environments, the yield of the essential
oil was favored.

The results indicate that cultivation
outside soil can be an alternative for
production of lavender biomass in
the southern region of Brazil. Several
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harvests throughout the year are possible
without replacing plants, in protected
crop structures with high transmissivity
to solar radiation. And both artificial
shading and other factors that reduce
transmissivity of the cover material
should be avoided because they reduce
inflorescence yield and oil yield. For
industrial scale oil production purposes,
green mass production schedules can
be envisaged in order to extend the
industrial processing period during the
year. We concluded that, planting in the
beginning of March, three consecutive
harvests can be made in August (150
DAP), October (213 DAP) and February
(320 DAP).
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