ISSN 2316-6886 Woater Resources and Irrigation Management

Universidade Federal do Recéncavo da Bahia, Cruz das Almas, BA
Instituto Federal Baiano, Salvador, BA

Water Resources and Irrigation Management v.5,n.2, p.31-39, Mai.-Ago., 2016

Essential oil content of basil under controlled
water deficit during pre-harvesting

Jefferson Vieira José!, Patricia Angélica Alves Marques!, Daniel Soares Alves!, Hermes Soares da Rocha!,
Otavio Neto de Almeida Santos', Bruno Patias Lena!, Marcos Vinicius Folegatti!

! Departamento de Engenharia de Biossistemas - Escola Superior de Agricultura Luiz de Queiroz, ESALQ-USP, Av. Padua Dias, 11, CEP
13418-900, Piracicaba, SP. E-mail: jfvieira@usp.br

Abstract: The intensity of water deficit influences directly the essential oil content for medicinal and aromatics plants, such as
basil. In this context, the objective of this study was to quantify the effect of different levels of controlled water deficit before
harvest on basil plants. The experiment was performed during 347 days, using the fully randomized factorial design (5x3) with
five treatments defined by the irrigation suppression and three harvests, with five replications each treatment. The pre harvest
irrigation suppression promoted an increase of essential oil content for basil plants.
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Teor de oleo essencial de manjericao sob déficit
de agua controlado durante a pré-colheita

Resumo: Diferentes niveis de déficit hidrico influenciam diretamente o teor de 6leo essencial de plantas aromadticas e
medicinais, como ¢ o caso do manjericdo. Diante disso, o objetivo deste trabalho foi quantificar o efeito de diferentes niveis de
déficit hidrico antes da colheita do manjericao. O experimento foi realizado durante 347 dias, em esquema fatorial (5x3) com
cinco niveis de déficit hidrico e trés épocas de colheita, com cinco repeti¢des. A supressao da irrigacao pré-colheita promoveu
um aumento do teor de 6leo essencial das plantas de manjericao.

Palavras-chave: Ocimum basilicum, potencial hidrico na folha, plantas medicinais.
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Introduction

Basil (Ocimum basilicum L.) is an herbaceous and
annual aromatic plant that belongs to the Lamiaceae
family. It is widely cultivated in tropical and temperate
regions, including Asia, Africa, Central and South
America (Ozcan, Arslan and Unver, 2005; Sajjadi,
2006). The economic importance of basil is due to
the presence of essential oil that is stored within the
glandular trichomes on leaves (Sangwan et al., 2001),
in which has high active biological substances content
that provides health benefits (Bufalo et al., 2015). In
addition, the essential oil from basil has a range of
biological properties that can be used for pest control
(Chang, Cho & Li, 2009) and disease control (Zhang,
Li & Wu, 2009), as well as for the anti-microbiological
(Hussain et al., 2008; Liber et al., 2011) and antioxidant
activities (Hussain et al., 2008; Kwee & Niemeyer,
2011).

The water deficit stress, as well as the salinity and
temperature stresses, are considered the main abiotic
stress that can influence on crop yield due to its influence
on the adequate plant development and growth (Lisar
et al., 2012). According to (Jaleel et al., 2008), water
deficit stress on crops affects many physiological and
biochemical plant processes, such as photosynthesis,
respiration, nutrient translocation, ion absorption,
carbohydrate synthesis, nutrient metabolism and
growth promoters, influencing on the adequate plant
development. However, for medicinal and aromatic
plants, the water deficit stress level and duration
may contribute to a positive effect on some plant
components. Studies have been indicating that plant oil
quality and quantity can be increased in systems with
reduced water availability for plants (Alvarenga et al.,
2011).

In medicinal plants, studies showed that plants under
water deficit increased the nitrogen, phosphorous and
potassium contents, as well as carbohydrate and essential
oil (Khalid, 2006; Alvarenga et al., 2011), and water
availability is considered the factor that most influences
the oil quality and quantity (Baghalian et al., 2008;
Bahreininejad, Razmjoo and Mirza, 2013). For basil,
authors described that its yield is directly associated
with the water and nutrient availability, genotype, and
moderately influenced by the environmental conditions
(Arabaci & Bayram, 2004).

Even though studies indicate that low soil water
availability may contribute to the oil content increment
on medicinal and aromatic plants, others important
aspects from plants can be reduced, such as plant
vegetative growth (total green mass or yield). However,
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most of the studies were performed using full season
water deficit stress technic. It is important, then, to create
strategies for controlled water deficit stress that can
improve oil content on basil at the same time that plant
growth parameters are not affected. One alternative
is to perform pre-harvesting controlled water deficit
stress, which could contribute to the improvement oil
content quality and quantity.

Studies that used the automated irrigation system
can be satisfactorily used to manage irrigation for
plants cultivated under greenhouse (Batista et al., 2013;
Cardoso et al., 2013; Boaretto et al., 2014; Gomes et al.,
2014; Medici et al., 2014), however, the system must
be properly installed so it is possible to guarantee the
adequate pressure levels. The main reason for using the
above-mentioned system is due to the high-frequency
irrigation requirement from plants, which would be
time and cost consumptive if irrigation was managed
manually.

Even though there are a number of studies with
the effect of full irrigation and different water deficit
stress levels on basil plant development and essential
oil content, there are not studies with pre-harvesting
water deficit stress on basil plants. In this context, the
objective of this study was to evaluate the effect of
different levels of pre-harvesting water deficit on basil
cultivation.

Material and Methods

Experiment site and characteristics

The experiment was conducted under greenhouse
condition at Biosystems Engineering Department of
ESALQ/USP (University of Sao Paulo), at Piracicaba
city, Brazil. The study was located at 22° 42° 40” S
latitude and 47° 37’ 45” longitude, at 547 m altitude.
The experiment was performed from January 28", 2012
to January 9%, 2013, totalizing 347 days.

The greenhouse had 12.8 m width and 22.5 m
length, with 6 m height and with frontal windows. It
was covered by a low-density transparent polyethylene
film with 0.15 mm. The agrometeorological parameters
were monitored using the CM3 equipment by Kipp &
Zonen® for solar radiation and a thermo-hygrometer
sensor HMP45C by Vaissala® for air temperature
and relative humidity. These parameters were used
to estimate reference evapotranspiration into the
greenhouse by the Penman-Monteith method (Allen
et al., 1998). Due to the low wind speed inside the
greenhouse, this parameter was fixed in 0.5 m s
Reference evapotranspiration was, then, used to identify
the irrigation requirement from basil plants.
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The basil cultivation was divided into two main
parts, one with vegetative propagation and other where
the experiment with controlled water deficit stress was
performed. For the vegetative propagation, it was used
cutting cultivated for 135 days, period from January 28
to July 11, 2012 (Figure 1). The cuttings were obtained
by the main basil plant with an essential oil content
of 40% linalool, 13% camphor, and 26% 1-8 cineol
and cultivated in small plastic pots. After vegetative
propagation, the plants were transplanted to plastic pots
so it was initiated the controlled water deficit stress
experiment. The second part was performed from July
11% 2012 to January 9%, 2013, totalizing 212 days. At
66 days after seedling transplant (DAT, in August 16™,
2012), all the basil plants were pruned at 20 cm from
the soil level to guarantee that all plants at the same
canopy structure.

Irrigation was performed in two steps, one that plants
were fully irrigated until 12 days after each harvest
(Figure 1) and other that irrigation was performed
using five water deficit stress levels. For both case, it
was used a micro irrigation system by drippers with a
nominal flow of 2 L h'. The irrigation was automated
by the “irrigation trigger simplified” equipment (patent
register number MU 8700270-1 U). The automated
system was composed of multiples equipment,
including a ceramic capsule filter that was installed
in the soil of each plastic pot, a flexible tube that one
side was connected to the ceramic cap and the other a
pressure switch, and an electromagnetic valve (Figure
2). Using a calibration equation, it was determined
the relationship between the soil water tension and
vertical distance (h) between the pressure switch and
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Figure 2. Illustration of the “Irrigation trigger
simplified” equipment used to manage irrigation and
its use: 1 — ceramic capsule filter (tensior sensor); 2 —
geotextile Bidim; 3 — rubble; 4 — pressure switch from
a washing machine (switcher); 5 — electric wires; 6 —
electromagnetic valve or water pump; 7 — dripper; h —

vertical distance between the sensor and the switcher

ceramic capsule filter. So, if the pressure switch is
placed with low “h” (closer to the ceramic capsule) the
starting point to open the valve is lower, indicating that
irrigation will be performed with higher frequency if the
pressure switch is placed at higher “h”. This technique
allows performing different irrigation levels, in which
higher vertical distance is associated with the higher
water deficit time. The detailed equipment description,
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Figure 1. Experiment characteristics illustrating the vegetative propagation, seedling transplant, prune and harvests.
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building, and installation are described in detail by
(Medici et al., 2010).

The irrigation system was previously evaluated to
determine the uniformity coefficient, resulting in values
of 89.4, 82.4, and 97.5% of Christiansen Uniformity
Coefficient, distribution uniformity coefficient, and
static uniformity coefficient (or Wilcox-Swailes
coefficient), respectively.

The soil of the plastic pot was a Red Eutrophic
Nitosol with clay texture, with 35, 14, and 21% of sand,
silt, and clay, respectively. The soil pH was 5.0 and
the total organic matter of 1.5%. The phosphorous and
potassium levels were 4 mmol_ dm” and 183 mg kg,
respectively. To adjust the nutrient requirement to the
plants, it was used the Osmocote® fertilizer after each
harvest using 4 g per pot. The regular fertilization was
performed every 20 days using the Yogen 2® with 6 g
L' concentration.

Experimental design and variable analyzed

The experimental design used was the fully
randomized in a factorial design. It was considered five
water deficit stress treatments with five replications
each, totalizing 25 plastic pots. For each treatment, all
plants from the five replications were harvest in three
different periods, considered the second variable of
the experiment. The harvests were performed at 102
(1%, harvest), 179 (2", harvest), and 212 DAT (3",
harvest), at September 21, 2012, December 7%, 2012,
and January 9" 2013, respectively. It is important to
note that it was used the same plant to perform all three
harvests. The water deficit was performed 12 days
after each harvest, by positioning the pressure switch
at 0, 0.25, 0.50, 0.75, and 1 m vertical distance from
the ceramic capsule (h-0, h-25, h-50, h-75, and h-100,
respectively).

After each harvest, it was evaluated the plant height
and stem diameter using a measuring tape and digital
calipers, respectively. The plant stem, leaves, and
inflorescence were dried at forced ventilated oven at
60 °C until constant mass, so there were individually
weighed using a digital scale. The essential oil
from leaves and inflorescence were extracted by
hydrodistillation using the Clevenger equipment for
two hours. The essential oil content was estimated
using the corresponding leaves and inflorescence dry
weight difference (mL g™).

The leaves water potential (LWP) were measured
using a pressure chamber model 3000 (Soil Moisture
Co.), before sunrise with two measurements in each
evaluation. The first reading was performed two days
before the irrigation suppression (water deficit stress)
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and the second reading after three days from the
irrigation suppression. So it was possible to observe
if plants were under water stress after irrigation
suppression.

Data analysis

The data were analyzed using the Shapiro-Wilk
(P>0.01) and Levene tests (P>0.01) to identify the
normal and homoscedasticity residuals, respectively.
According to the results, it was performed the variance
analysis and then compared using the Scott-Knott
criteria (P<0.05). The tests were performed using the R
software (version 2.2.1).

Results and Discussion

Climate variables

The daily maximum air temperature (T ) ranged
from 10.98 to 25.6 °C and minimum air temperature
(T,,,) from 5.26 and 21.15 °C, and daily mean relative
humidity varied from 13.5 to 30.15%. The highest
difference between T and T , observed into the
greenhouse was 8.25 °C at 82 DAT (Figure 3A).
According to Almeida (2006), the optimum temperature
for adequate basil development are within 15 and 25 °C.
During the period before pruning (from 0 to 66 DAT),
it was observed that air temperature was considered
not adequate, with average of 15.4 °C and with short
periods with daily T = below 15 °C. It was previously
expected since this period was within the coldest months
of the year (during winter time). After 66 DAT, it was
observed an increase of daily air temperature, with an
average of daily air temperature of 18.4, 20.9, and 23.8
°C during 1%, 2", and 3™ harvest periods, respectively
(Figure 3A), indicating that the air temperature was
adequate for the adequate plant development.

Relative humidity and global solar radiation varied
from 34 to 100% and from 0.1 to 19.1 MJ m? d,
respectively (Figure 3B). In average, it was observed
that relative humidity was decreasing daily from 0 to
100 DAT and, then, started to increase until the end
of the experiment (212 DAT). The average of daily
relative humidity during 1%, 2", and 3 harvest was 59,
69, and 81%, respectively. For global solar radiation, it
was observed an increase pattern of daily values from 0
to 212 DAT, with values within 1%, 2", and 3™ harvest
period of 12.0, 13.0, and 13.1, respectively.

The cumulative thermal unit during 1%, 2", and 3%
harvest periods was 411.01, 978.36, and 489.28 °C,
respectively, totalizing 1878.65 °C (Figure 3C). While
in 2" harvest period plants had 77 days for development,
in the 1 and 3™ harvests plants had 36 and 25 days,
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(B), and reference evapotranspiration (ETo) and cumulative thermal unit (CTU) (C) during the experiment period.

respectively. The daily average of the thermal unit for
1%, 2" and 3™ harvest period was 11.3, 12.7, and 14.8
°C, respectively. For reference evapotranspiration, it
was observed maximum and minimum values of 3.78
and 0.1 mm d”, respectively. During 0 and 66 DAT,
the combined effect of low air temperature and low
global solar radiation, it was observed that reference
evapotranspiration presented values below 2 mm d
(average of 1.15 mm d'). As the air temperature and
global solar radiation increased, it was observed a fast
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increase of reference evapotranspiration values, in
which the daily average during 1%, 2", and 3™ harvest
period it was observed values of 2.04, 2.36, 2.58 mm
d!, respectively.

Leaf water potential

The leaf water potential was used to identify if water
deficit stress performance and, according to the results
presented in Table 1, it was observed that the increase
of irrigation suppression (or vertical difference between

gement, v.5, n.2, p.31-39, 2016.
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Table 1. Leaf water potential of basil leaves with and without irrigation suppression under different gaps during the

harvests periods.

Leaf water potencial - LWP (MPa)

sfll;‘[l)%‘::ls(i):n lit Harvest _ 2':" Harvest _ 31" Harvest _
(vertical distance - h) Without With Without With Without With
suppression  suppression  suppression suppression  suppression  suppression

h-0 -1.1a -0.73 a -10a -1.05a -10a -12a

h-25 -0.8a -1.53b -1.1a -122a -0.8a -12a

h-50 -0.8a -1.94b -09a -2.00b -0.7a -20b

h-75 -09a -1.94b -09a -1.84b -09a -22c¢

h-100 -1.1a -2.50 ¢ -1.1a -2.20c¢c -1.1a -22c¢

* Two days before irrigation suppression; ** Three days after irrigation suppression

the pressure switch and ceramic capsule) reduced LWP,
where the lowest values were observed for the h-100
treatment (-2.5 MPa). In the other hand, the treatment
with no irrigation suppression (h-0) it was observed
highest values of LWP of -0,73 MPa, showing that the
different irrigation suppression influenced on the LWP
of basil plants.

According to (Deloire et al., 2004) the LWP can be
used to identify if plants are under water stress in basil,
in which values below -0.2 MPa is considered the limit
when plants start to reduce their development due to the
water deficit. In addition, the authors describe different
levels of water deficit according to the LWP, with light
stress (-1.4 < LWP <-0.2 MPa), moderate stress (-2.5 <
LWP <-1.4 MPa), and severe stress (LWP <-2.5 MPa).
Before water suppression, it was observed that plants
were under light stress since LWP of all treatments were
between -1.1 and -0.7 MPa, however, after irrigation
suppression, it was observed a reduction of LWP in all
treatments and harvest period (Table 1). During the 1%
harvest, it was observed that only h-0 treatment was
under light water stress after irrigation suppression,
while others h-25, h-50, and h-75 treatments presented
LWP values varying from -1.94 to -1.53 MPa, resulting
in moderate water stress. The h-100 treatment was the
only treatment that was under severe water stress with
all treatments and harvest period, with values of -2.5
MPa after irrigation suppression. For the 2™ and 3%
harvests, it was observed light water stress for h-0 and
h-25 treatments with values varying from -1.22 to -1.05
MPa, and moderate stress to others treatments, with
values varying from -2.20 to -1.84 MPa (Table 1).

The effect of water stress on plants starts when the
plant evapotranspiration rates are higher than the ability
of the roots extract water, contributing to the lower
transferring of water for the leaves. The water stress
is associated, therefore, with the progressive reduction
of soil water level, and dependent on the root depth.
As higher the soil water reduction, higher is the water
deficit (Silveira & Stone, 2001).

It can be observed in Table 2 that plant height
decreased from the first to third harvest, which is
explained due the stress caused by the harvest on the
plants. In all irrigation suppression treatments, the
average of plant height was 74.07 cm in the 1* harvest,
and during the 2" and 3" harvests the plants were with
65.5 and 55.07 cm, respectively. For plant stem, it
was observed an increase of diameter for all irrigation
suppressions from 1 to 3™ harvest, increasing from
10.5 cm to 14.3 mm, respectively.

Plant height was affected by the irrigation
suppression only for the 3™ harvest, indication that the
amount of water by irrigation affected significantly the
plant height at 1% level of significance (Table 2). The
h-0 treatment resulted in the minimum value of 50.8
cm for plant height, with maximum value of 57.5 cm
for the h-100 treatment. Similar results of plant height
reduction with the decrease of water availability, as well
as for the harvest periods, were observed by Yassen et
al. (2003); Alishah et al. (2006); Pravuschi et al. (2010)
and Ekren et al. (2012).

The dry leaf and inflorescence mass (DM) was
higher in the 2" harvest (31.28 g), intermediate in the
3 harvest (25.46 g) and lower in the 15 harvest (21.76
g) (Table 2) for all irrigation suppression treatment. It
was not observed any pattern with the result of DM
within treatments, with the highest value of 60.83 g for
h-0.75 in the 3" harvest and lowest of 12.96 g for h-0.5
in the 3™ harvest as well. However, it was observed that
DM was affected significantly by irrigation suppression
in each harvest at 5% level of significance.

Alishah et al. (2006) studied the effect of different
water deficit levels on basil and observed that, with the
increase of water deficit, plant height and total dry mass
decreased. In the other hand, the treatment with 100%
irrigation replacement resulted in the maximum plant
height and DM, with values of 56.4 cm and 4.573 g
plant’, respectively.

The irrigation suppression also influenced the
essential oil content (EO) at 1% level of significance
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Table 2. Water stress effect on basil plant height, stem diameter, leaves and inflorescences dry mass and essential oil

content.
.. PH — Plant height (cm) SD — Stem diameter (mm)
Irrlgaflon e 2 3 T md 37
S Harvest Harvest Harvest AT Harvest Harvest Harvest Average
h-0 74.17aA  65.17aA 50.80aA 6622a 11.84bA 1233bA 1627aA 1349a
h-25 73.17aA 66.83aA 53.67bA 6455a 10.76aA 1291bA 13.10aB 12.26a
h-50 78.83aA 65.33aA 54.00bA 66.05a 955aA 12.77bA 13.11aA 11.81la
h-75 72.83aA 67.50aA 53.83bA 63.72a 1032aA 1257bA 1524aA 12.71a
h-100 71.33aA 62.67aA 5750cA 63.83a 10.04aA 11.75aA 13.77aB 11.86a
Average 74.07 A 65.50B 55.07C 10.50 C 1247 B 14.30 A
. L. DM - Leaves and inflorescences dry mass (g) EO - Essential oil content (%)
Irrlgai.:lon lst 2nd 3rd lst 2nd 3rd
SEPRIES () Harvest Harvest Harvest VG BT Harvest Harvest Harvest ENEELS
h-0 25.35bA 31.51aA 24.01aA 2696a 80.87b 2.11aB 240aA 1.73aB 2.08a
h-25 17.94 aA 30.53aB 14.32aA 2093a 62.79a 191aB 230aA 227bB 1.85a
h-50 23.61 bA 32.08aB 12.96aA 22.88a 68.65a 2.63aA 227aA 227bA 239D
h-75 2429 bA 34.65aA 60.83bB 3993b 82.59b 2.75aA 233aA 230bA 242D
h-100 17.59 aA 27.65aA 1520aA 20.15a 6043a 2.57aA 2.29aA 2.43bA 243Db
Average 21.76 A 3128C 2546B 239B 231B 220A

Columns (lowercase) and lines (uppercase) followed by the same letters do not differ statistically. ™ Statistically different at 1% level of
probability (p < 0.01); * Statistically different at 5% level of probability (0.01 <p < 0.05); ™ Not statistically different (p > 0.05); Lambda (1))
is the transformation factor from Box-Cox family; C.V. is the coefficient of variation.

(Table 2). The highest value of EO was observed for the
highest water stress treatments (h-50, h-75, and h-100),
with values close to 2.40%. The lowest EO content
observed was for the h-0 and h-25 treatments, with 2.08
and 1.85%, respectively. According to the irrigation
suppression treatments, it was not observed statistically
difference of EO within 1** and 2™ harvest, however, it
was observed statistically difference for the 3™ harvest
at 1% level of significance. The increase of EO content
due the increase of water deficit was also observed by
(Khalid, 2006).

The EO content presented in our study were similar
to those described in the literature. Taylor et al. (2008)
studied 270 basil genotypes in Germany and found
mean EO content of 2.65%. Vieira & Simon (2000),
evaluating different species in Brazil found values
varying from 0.3 to 3.6% of oil content. Blank et al.
(2004), found values of EO content varying from 0.19
to 2.5% of 53 different Ocimum basilicum genotypes.

Ekren et al. (2012) describe that the EO content for
purple basil was affected by the irrigation treatments.
The highest oil proportion was observed for the
treatment that irrigation was performed until 50% of
field capacity and the lowest values were observed for
those treatments that irrigation provided 100% water
plant requirement. The EO increment with the water
deficit was also observed by Omidbaigi, Hassani, and
Sefidkon (2003) and Khalid (2006). According to Khalid
(2006), the highest EO content for basil was observed

for the treatment with soil availability of 75% of field
capacity. As observed in many studies, the oil content
of basil and other medicinal species are increased with
reduction of soil water availability (Alvarenga et al.,
2011; Baghalian et al., 2011; Bahreininejad, Razmjoo
& Mirza, 2013)

It is known that the EO content in basil plants can be
influenced by different factors, in which environmental
condition can affect moderately in this parameter
(Khalid, 2006; Ekren et al., 2012). According to
Omidbaigi, Hassani & Sefidkon (2003) basil cultivated
under pots with irrigation of 55, 70, 85, and 100%
from field capacity increased from 1.12 to 1.26%
the EO content, considering 100 and 55% irrigation
replacement, respectively.

The effect of different water management on the basil
essential oil content cab be related to the water deficit
stress, in which promoted the development interruption,
affecting on the biomass accumulation and increasing
the secondary metabolic processes. The water deficit
stress has been presenting positive correlation with
the secondary metabolic concentration, inducing the
increasing of some terpenoids yield (Lopes et al., 2001),
and affirming that water deficit stress may improve
the essential oil concentration (Khalid, 2006). This
increasing can also be associated with the fact that plants
produce high terpenes concentration due the carbon
allocation for plant growth, indicating the relationship
between plant growth and defense (Turtola et al., 2003;
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Silva et al. (2002) mentioned that the water deficit
stress contributed to the increase in the glandular
trichomes density with the reduction of leaf area. In this
context, the results presented in our study indicate that
the increase of basil essential oil biosynthesis can be
a plant adaptation effect when plants are under water
deficit stress. Therefore, higher essential oil content
can be obtained in long periods between irrigations,
since this effect may contribute to the basil essential oil
increasing.

Conclusions

The results here presented showed that basil is
sensitive to water stress when it is performed only
before harvest. The essential oil content and plant
height were significantly affected due to the irrigation
suppression 12 days before harvest. Since essential
oil content increased with the increase of water stress,
it can be affirmed that irrigation suppression before
harvest has a positive effect on the basil plant.
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