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Abstract: Basil (Ocimum basilicum L.) is one of the main condiments for fresh consumption and
essential oil production. The aim of the present work was to assess the agronomic characterization
and analyze the essential oil of 63 basil accessions. The experiment was conducted in two stages
in a greenhouse using vases and a hydroponic cultivation system. Oil extraction was performed
employing the Soxhlet method. There was a significant variation in the agronomic characteristics
among the evaluated accessions. The estimated total contents of essential oils ranged from 0.05 to
0.40%, and the major volatile fraction was methyl-eugenol. In the present study, accessions with
superior performance compared to commercial varieties were found. Accession BL11 presented
agronomic characteristics suitable for cultivation in a hydroponic system due to its better plant
structure and late flowering. Accession BL24 stood out for essential oil extraction, producing 17.6% of
linalool and a high intensity of color and odor. Accessions BL11 and BL24 presented market potential,
given their higher mass productivity and higher essential oil yield, respectively. These accessions can
be made available as new varieties in addition to being used in genetic improvement programs for
this species.

Keywords: linalool; early flowering; hydroponic system; essential oil content and composition;
sensory analysis

1. Introduction

Basil (Ocimum basilicum L.) is a plant belonging to the family Laminaceae, originating
from North India [1], with diverse purposes of use in the world market [2]. In Brazil, basil
has been introduced by the Italians, being mainly cultivated in the State of Sergipe [3], with
emphasis for cultivation in family agriculture [4]. It presents a great polymorphism and,
therefore, exhibits different agronomic characteristics regarding plant height, leaf color and
inflorescence, besides the differentiation in the cultivation system, aroma and contents of
essential oils [5,6].

The difficulty in characterizing the O. basilicum varieties probably derives from the
occurrence of cross-pollination, resulting in a large number of subspecies, varieties and
shapes. Thus, to assist the research works on the genetic improvement of this species, it
is important to perform the characterization of the accessions to be used. The evaluation
and characterization of varieties belonging to germplasm collections may enable their
exploration and the use of their prominent characteristics, with the preservation of these
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species by seeds [7,8]. Therefore, to assist in the research on the genetic improvement of
these species, it is important to characterize the accessions to be used.

In previous works, the characterization of varieties of O. basilicum was carried out, in
which 17 accessions of this species cultivated in a greenhouse were [9] evaluated. After
60 days of cultivation, different agronomic characteristics were evaluated. Observing that
the “small” type of basil was characterized by small size, a thicket habit, small leaves and a
smooth leaf margin, the narrow leaves genotype was the one that presented the highest
plant height and serrated leaf margin. While some evaluated accessions presented an
elliptical leaf blade, also reporting that the size of the petiole can vary according to the
age of the leaf, in large leaves, however, petioles tend to be naturally larger than in small
ones. It should be noted that this article is in line with our results, demonstrating the great
diversity and importance of characterizing types in O. basilicum.

Basil varieties with late flowering are ideal for the commercialization of the plant
in natura, since there is a greater interest in the leaves and not in inflorescence. Another
greatly explored fraction of basil, extracted from the leaves, is essential oil, whose main
constituents are linalool, methyl chavicol, geranial, eugenol and methyl eugenol, found
among the different basil chemotypes [10]. Nevertheless, around 36 chemical constituents
can be identified in the composition of the essential oils of this species [11].

According to [12], the two heights of the cuts applied at the time of harvesting, which
were carried out at three different times throughout the development of the crop, influenced
the essential oil yield, noting that the essential oil contents in the basil cultivars ranged
from 1.72 to 0.32%. In addition, they found that in the third season, the oil yield was 37.14%
lower compared to the averages of the first two harvest seasons. Therefore, the older the
plant was, the lower its oil yields were, highlighting that all these evaluated plants were in
the vegetative stage.

In previous studies, the chemical composition of the essential oil of basil was observed,
where 52 compounds were identified, with the major component being linalool (41.3%) fol-
lowed by 1,8-cineol (9.6%), (Z)-isoeugenol (5.9%), 1-epi-cubenol (4.8%), α-transbergamotene
(4.6%) and (Z)-anethole (3.2%). Other compounds occur in amounts between 2 and 3%,
and finally, the others are present in amounts below 2% [13].

Essential oils are active principles activated by the secondary metabolism as a con-
sequence of some stress suffered by the plant [14], common in crops in the conventional
system. The biosynthesis of essential oils can be influenced by several factors, such as plant
development stage and climatic factors related to temperature, humidity, precipitation,
solar radiation and photoperiod [15], whereas the chemical composition of essential oils is
determined by genetic factors, development stage, plant age and the interactions among
the plant, microorganisms and insects [16]. Due to this diversity, it is important to know
the content and composition of the essential oil of the basil variety worked.

Another potential use of basil essential oil is as antimicrobial, antiparasitic and medici-
nal, which has driven its demand in the international market [17,18]. Given this diversity
of use and benefits, basil has been gaining prominence in the economic scene. Therefore,
new production systems have been implemented with a growth trend for cultivation in a
protected environment employing the hydroponic system [19].

Given the above, the present work aimed at performing the agronomic characterization
of the content and composition of essential oil in new basil accessions not yet characterized.

2. Material and Methods

The experiments were performed in the experimental area of the Horticulture sector
of the Department of Biotechnology and Plant and Animal Production (DBPVA), of the
Center for Agrarian Sciences (CCA), of the Federal University of São Carlos (UFSCar),
Araras Campus/SP, in the period from 27 June to 10 December 2017 (1st step) and from 15
December 2018 to 20 February 2019 (2nd step).
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2.1. First Step: Agronomic Characterization of Basil Accessions
2.1.1. Accessions Used and Seedling Acquisition

A total of 63 basil accessions from the Germplasm Bank of Basil of the Federal Univer-
sity of São Carlos–Campus Araras city (São Paulo, Brazil) were used. The seedlings were
produced in 128-cell trays filled with coconut-fiber substrate, and after 30 days, they were
transplanted to vases (1 L) with the substrate Spagnhol® and conducted in a protected
environment and in a fertigation system. Each accession was represented by one plant.

2.1.2. Agronomic Characterization

After transplanting, each accession was evaluated weekly regarding the beginning of
flowering, classifying them into the following types: early (less than 40% of flowers within
the first three weeks of evaluation), intermediary (less than 40% of flowers among the fourth,
fifth and sixth weeks of evaluation) and late (beginning of flowering from the seventh week
of evaluation). The plants that flowered were analyzed regarding flowering percentage.

The flowering percentage of the plant was determined by the weekly count of the
number of inflorescences per plant until the end of the cycle with the following scale: 0–20%
(presence of little inflorescence), 20–40% (almost half of the plant with the presence of
inflorescence), 40–60% (at least half of the plant with the presence of inflorescence), 60–80%
(more than half with the presence of inflorescence) and 80–100% (the whole plant with
inflorescence).

After 100 days of cultivation, the following characteristics were evaluated: plant height
(cm); plant diameter (cm); width and length of the leaf blade of the most developed leaf
(cm)—the plants with the leaf blade above 1.5 cm in width were classified as broad leaf
(BL) accessions, whereas narrow leaves (NL) were below this value; number of primary
branches obtained with the number of branches developed from the main stem; internode
length—distance (cm) between internodes on the same (main) branch at the median part
of the plant; length of the branch with inflorescence (cm); percentage of seed maturation
in the inflorescence—a scale of scores of 0–20% (up to 20% of ripe seeds), 21–40% (up to
40% of ripe seeds), 41–60% (up to 60% of ripe seeds), 61–80% (up to 80% of ripe seeds) and
81–100% (>81 up to 100% of ripe seeds) was employed; weight of the produced seeds—the
plants were harvested individually, stored in paper bags and dried to obtain seed weight.
For the second stage, 13 accessions classified among the intermediate and late flowering
groups were used, obtaining viable seeds.

2.2. Second Step: Agronomic Characterization of the Plants and Analysis of the Essential Oil

In the 2nd step, the accessions were conducted in a hydroponic cultivation system of
the NFT (laminar flow of nutrients) type.

The following accessions were evaluated: NL12, NL13, NL16, NL19, NL26, NL28
(intermediary flowering) and BL11, BL24, BL22, NL29, NL34, NL35, NL38 (late flowering).
The commercial varieties Manolo (Broad Leaf type) and Fino Francês (Narrow Leaf type)
were used as controls.

The seedlings were produced in trays of 128 cells and, after 30 days, transplanted and
cultivated in profiles of 50 mm in diameter in a hydroponic system of the NFT type, in an
environment protected with a red ChromatiNet® Leno 20% mesh.

The experiment was conducted in randomized blocks with plots containing 15 plants
with a spacing of 0.20 m between plants and profiles and with 3 repetitions. Three central
plants from each plot were used for evaluation, excluding those of the border.

The nutrient solution employed was [20] 120 g 1000 L−1 of MAP (monoammonium
phosphate, N: 11% + P2O5: 60%, brand Ominia®); 500 g 1000 L−1 of calcium nitrate
(N: 15.5% + Ca: 19%, brand YaraLiva®); 650 g 1000 L−1 of potassium nitrate (N: 12% + K2O:
45%, S: 1.2%, brand DripSol®); 350 g 1000 L−1 of magnesium sulfate (Mg: 9% + S: 11.9%,
brand Heringer®); 20 g 1000 L−1 of a micronutrient cocktail (B: 1.82%-Cu EDTA: 1.82%-Fe
EDTA: 7.26%-Mn EDTA: 1.82%-Mo:0.3%, Ni: 0.335%-Zn EDTA: 0.73%, brand Conplant®);
and 30 g 1000 L−1 of FeQ48-iron chelate (Fe: 16%, brand DripSol®).
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Daily measurements of electrical conductivity were performed in the culture solution,
which was maintained at 1.4 µS cm−1, and of pH, maintained between 5.5 and 6.5.

2.2.1. Agronomic Characterization

After 60 days of transplanting, the following parameters were evaluated: diameter
of the aerial part (cm); plant height (cm); width and length (cm) of the leaf blade of the
most developed leaf; fresh mass of the aerial part (g); fresh mass of the root (g); number of
primary branches; internode length (cm) measured in the middle part of the plant; and root
length (cm).

2.2.2. Sensory Evaluation

After 60 days of transplanting, the following sensory characteristics were evaluated:
plant coloration intensity from a scale of green color intensity: low (score 0), intermediate
(score 1) and high (score 2), and odor intensity, classifying them into score 1 (absence of
odor), score 2 (little odor), score 3 (intermediate odor), score 4 (high odor) and score 5 (very
high odor).

2.2.3. Extraction and Analysis of the Essential Oil

The essential oil content in the accessions was determined through extraction with a
solvent (Soxhlet) following the methodology of [2], with some modifications, since a lower
amount of the solvent was used, and it was recovered in the process.

A composite sample, containing only the leaves (three central plants) was used and
subsequently dried in an air circulation oven at 45 ◦C for 48 h and ground. Aliquots of 5 g
of sample were stored in paper bags (in triplicate), which were placed in individual reboiler
tubes previously washed and dried. Inside each tube, 150 mL of cyclohexane (solvent used
in the extraction process) were added. The samples remained in contact with the solvent at
reflux for 2.5 h at 115 ◦C. Subsequently, the bags were suspended for solvent recovery and
sample washing. The lipid fractions were transferred to 25 mL flasks with the solvent.

The oil samples were analyzed in a Shimadzu GC-2010 gas chromatograph with
AOC-20i automatic auto-injector, capillary column RTX-Wax™ (60 m, 0.25 mm ID, 0.25 µm
df, Restek©) and flame ionization detector (FID). The identification of compounds in oil
samples was performed by comparing their retention times with those of pure standards
of Linalool (Ref. W263508, Sigma Aldrich, St. Louis, MO, USA), Methyl Eugenol (Ref.
W247502, Sigma Aldrich, St. Louis, MO, USA) and Eugenol (Ref. W266700, Sigma Aldrich,
St. Louis, MO, USA) [21]. The content of essential oil in the samples was also estimated.

An aliquot of 1 µL of sample was injected with a splitting ratio of 40:1, using helium
as drag gas at the linear speed of 22 cm.s−1 and obtaining the separation of the analytes
in a chromatographic run of 25 min. The temperatures of the injector and detector were,
respectively, 230 ◦C and 300 ◦C, and the initial temperature of the column was 100 ◦C.

The programming of the temperature of the oven that housed the column was from
100 to 160 ◦C at the speed of 10 ◦C min−1, residence time of 1 min; 160 to 178 ◦C at the
speed of 10 ◦C min−1, residence time of 1 min; 178 to 212 ◦C at the speed of 7 ◦C min−1,
residence time of 1 min; 212 to 228 ◦C at the speed of 3 ◦C min−1, without residence time;
228 to 240 ◦C at the speed of 120 ◦C min−1, residence time of 4 min.

The determination and integration of the peaks were performed using the software
GCsolution v. 2.42.00 (Shimadzu©). To determine the estimated content of essential oil in
the samples, Equation (1) was employed.

E.O. Content =
∑ Csq

∑ PRsq × Cme
× 100 (1)

where “E.O. Content: content of essential oil in the sample (%)”, “∑Csq: sum of the concen-
trations of the identified and quantified substances (mg/L)”, “∑PRsq: sum of the relative
percentages of the identified substances in terms of peak area in relation to the total area of
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the peaks observed in the run (%)”, “Cme: concentration of the wet mass extracted from the
plant material in relation to the final volume of extract, after centrifugation (mg/L)”.

2.2.4. Statistical Analysis

The data on the agronomic characterization of the accessions (1st and 2nd steps), oil
content and the volatile fractions of linalool, methyl eugenol and eugenol were analyzed
by the analysis of variance (ANOVA). In the 1st step, a completely randomized design in a
2 × 3 factorial scheme was used, whereas in the 2nd step, it was a completely randomized
design. When necessary, Tukey’s test was applied along with the principal component
analysis for the variables analyzed at the end of the experiment, considering the mean
value of the variables in each accession. All analyses were performed using the software R,
considering a significance level of 5%.

3. Results and Discussion
3.1. First Step: Agronomic Characterization of Basil Accessions

There were different flowering periods among the evaluated accessions (Table 1). Late
flowering is desirable for the consumer market of basil plants, since the main commercial-
ization is in natura to be used as a condiment.

Table 1. Classification of the accessions in the flowering groups according to the flowering period
evaluated over time.

Accessions Flowering Period

BL4, BL5, BL6, BL7, BL8, BL9, BL10, BL12, BL13, BL14, BL17,
BL18, BL19, BL20, BL21, BL23, BL25, NL1, NL2, NL3, NL7, NL8,

NL9, NL10, NL14, NL17, NL21, NL23, NL24, NL25
Early

BL1, BL2, BL3, BL15, BL16, BL4, BL5, BL6, BL11, NL12, NL13,
NL15, NL16, NL18, NL19, NL20, NL22, NL26, NL27, NL28, NL30,

NL31, NL36
Intermediary

BL24, BL22, NL29, NL32, NL33, NL34, NL35, NL37, NL38 Late

Plants with early flowering tend to decrease the production of the number of leaves,
harming their commercialization in natura. The removal of the first inflorescences is recom-
mended to increase the number of leaves and the vegetative cycle [22]. Nevertheless, in
basil plants with intermediary and late flowering, this cultural practice could be eliminated,
facilitating handling and reducing costs for the producer.

The mean of the plant heights was of 14.46 cm for the broad leaf accessions and
21.89 cm for those of narrow leaf. In other works [23], a great difference was found in the
height of basil plants that varied from 39 to 100 cm, managing to group the six analyzed
accessions into three statistically distinct groups in relation to their respective average
heights; however, in this work, the accessions presented lower size.

For the diameter of the aerial part and the number of primary branches, the broad leaf
accessions presented a mean of 35.80 cm and 5.04, respectively; on the other hand, those of
narrow leaf had 44.81 and 7.71 cm, respectively. In works that carried out morphological
evaluations of 55 basil genotypes, they also observed great diversity for the crown width
variable, which ranged from 18 to 61 cm [24].

The broad leaf accessions presented a mean internode of 0.87 cm, whereas those of
narrow leaf presented one of 0.30 cm. Leaf blade width and length, for the broad leaf
accessions, were 1.75 and 2.92 cm, and for those of narrow leaf, they were 0.88 and 1.38 cm,
respectively (Table 2).
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Table 2. Plant height (PH), diameter of the aerial part (DAP), number of primary branches (NPB),
internode length (IL), leaf blade width (LBW) and length (LBL) for the basil narrow leaf (NL) and
broad leaf (BL) accessions.

Accessions DAP (cm) PH (cm) NPB IL (cm) LBW (cm) LBL (cm)

BL 35.80 (2.85) b 14.46 (2.97) b 5.04 (1.13) b 0.87 (0.85) a 1.75 (0.17) a 2.92 (0.26) a

NL 44.81 (5.56) a 21.89 (3.32) a 7.71 (1.59) a 0.30 (0.26) b 0.88 (0.19) b 1.38 (0.34) b

C.V. (%) 11.28 14.12 21.77 34.46 15.00 16.10

Mean (standard deviation). C.V. corresponds to the coefficient of variation. Means followed by the same letter in
the columns do not differ from each other at 5% of probability by Tukey’s test.

For the percentage of branches with inflorescence, inflorescence branch length, seed
maturation and weight, no significant differences were observed among the accessions.

Plant height, diameter of the aerial part and primary branches were inferior in the
broad leaf accessions in comparison to the narrow leaves, which presented more compact
plants (Figures 1 and 2). This agronomic characteristic is interesting for the cultivation
of basil in a hydroponic system aiming at its commercialization in natura or for use as an
ornamental plant, since a compact plant is produced.
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Figure 2. Demonstration of the agronomic characteristics of the broad leaf accessions.

Internode length and leaf blade width and length were higher in the broad leaf
accessions than in the those with narrow leaf, and the mean of leaf blade length in the broad
leaf accession was of 2.92 cm, being higher than in the narrow leaf accession (1.38 cm). A
greater internode length, observed in the broad leaf accessions, enables more space for
the development of the leaves; therefore, leaves with greater leaf blade width and length
were observed in these accessions, whereas for the narrow leaf accessions, the opposite was
observed (Figures 1 and 2).

It was verified that plant diameter directly interferes in the quantity and volume
of leaves, being an essential characteristic for both the commercialization of the plant
in natura and for oil extraction. For the extraction of essential oil, plants with a greater
number of leaves—that is, greater diameter—are of interest as it will be extracted from
these structures [25].

Bigger leaves, such as those of the variety Maria Bonita, which presented leaf length
and width of 5.9 and 2.7 cm, respectively, presented high photosynthetic efficiency with
photoassimilate storage [26]. The broad leaf accessions with the greatest leaf blade lengths
and widths may present this benefit. This characteristic is important from a productiv-
ity point of view, both for in natura commercialization and for essential oil extraction,
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since biomass production is one of the factors that interfere in a greater production of
active principles.

A paper [27] mentions some experiments that developed the morphological and
agronomic characterization of some basil genotypes [24,28,29], and in these experiments,
different crown diameter values were found for different varieties, such as 29.5 cm for
Sweet Dani, 34 cm for Genovese, 39.75 cm for Canela and 45.7 cm for Maria Bonita. These
values are close to those found in the present work; however, in this one, it is still possible
to observe some accessions with higher values, which is interesting when it comes to crown
diameter, since it is in this region of the plant where its leaves and flowers are found—the
main structures of interest for marketing basil.

3.2. Second Step: Agronomic Characterization of the Plants in Hydroponic System and Analysis of
the Essential Oils

The accession Manolo presented statistical difference in the diameter of the aerial
part, plant height, leaf blade width and length and internode length (Table 3). For the
diameter of the aerial part, the other accessions did not present statistical difference from
each other. Plant height varied from 0.14 to 0.31 m, with statistical difference among all
accessions. This was also observed for leaf blade width and length (0.04 to 1.64 cm and 0.36
to 2.01 cm, respectively). Internode length presented a variation from 0.22 to 6.15 cm among
the accessions (Table 3). On the other hand, the fresh mass of the aerial part presented
little variation, and the root size and fresh mass presented significant difference among the
accessions.

Table 3. Diameter of the aerial part (DAP), plant height (PH), leaf blade width (LBW) and length
(LBL) and internode length (IL) for the basil narrow leaf (NL) and broad leaf (BL) accessions in
hydroponic cultivation 60 days after transplantation.

Accession DAP (cm) PH (cm) LBW (cm) LBL (cm) IL (cm)

Manolo 68.08 (1.52) a 31.85 (1.36) a 1.64 (0.04) a 2.01 (0.02) a 6.15 (0.12) a

NL16 48.55(4.00) b 20.83 (0.92) b,c,d 0.58 (0.04) b,c,d 0.92 (0.02) b,c,d 1.92 (0.56) d,e

BL22 47.93 (4.21) b 18.86 (1.15) c,d,e 0.43 (0.07) d 0.76 (0.10) d,e,f 3.02 (0.65) c

NL19 47.77 (0.50) b 21.11 (0.58) b,c,d 0.44 (0.03) d 0.80 (0.01) d,e 2.55 (0.32) c,d

NL13 47.33 (1.66) b 20.77 (0.91) b,c,d 0.51 (0.02) c,d 0.88 (0.02) b,c,d 3.2 (0.35) b,c

NL38 46.08 (1.44) b 15.08 (0.86) f,g 0.04 (0.03) f 0.41 (0.02) g 0.22 (1.25) e,f

Fino Francês 46 (4.93) b 22.27 (1.24) b 0.66 (0.07) b 1.00 (0.07) b,c 3.26 (0.34) b,c

NL28 45.4 (3.86) b 20.03 (1.88) b,c,d 0.50 (0.06) c,d 0.86 (0.07) c,d 2.75 (0.63) c,d

NL35 45 (1.86) b 14.25 (0.31) g 0.009 (0.04) f 0.36 (0.07) g 0.84 (0.25) f

NL26 44.46 (2.20) b 21 (1.56) b,c,d 0.24 (0.07) e 0.60 (0.07) f 2.84 (0.18) c,d

BL24 44.13 (4.25) b 16 (1.32) e,f,g 0.65 (0.05) b,c 1.04 (0.03) b 0.32 (3.47) b,c

NL34 43.5 (1.93) b 14.66 (0.47) g 0.01 (0.01) f 0.37 (0.03) g 1.32 (0.19) e,f

BL11 43.22 (2.00) b 18.4 (2.50) d,e,f 0.58 (0.04) b,c,d 0.93 (0.09) b,c,f 4.21 (0.46) b

NL12 40.33 (1.41) b 21 (0.47) b,c,d 0.27 (003) e 0.65 (0.03) e,f 2.41 (0.40) c,d

NL29 39.93 (4.78) b 21.8 (1.29) b,c 0.43 (0.09) d 0.78 (0.07) d,e 3.14 (0.46) c

C.V. (%) 7.22 6.44 11.98 7.53 14.13

Mean (standard deviation). C.V. corresponds to the coefficient of variation. Means followed by the same letter in
the columns do not differ from each other at 5% of probability by Tukey’s test.

The BL22 and BL11 accessions had a diameter of plant area of 47.93 and 43.22 cm,
plant height of 18.86 and 18.4 cm, width and length of the leaf blade of 0.43 and 0.79 cm and
0.58 and 0.93 cm and internode length of 3.02 and 4.21, respectively. These are outstanding
agronomic characteristics, demonstrating that these accessions can guarantee a greater
production of leaves and a better plant architecture for commercialization and consumption
in natura. However, future studies can be suggested in order to certify that these charac-
teristics remain highlighted at different times of the year, forms of cultivation and ways
of conducting these accessions, in order to validate the adequate way to guarantee the
prevalence of these characteristics.
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For the construction of the biplot graph (Figure 3), the variable referring to leaf blade
width was removed from the database of the principal component analysis in order to
solve the problem of multicollinearity since it contributes little to explaining the total
data variability.

Horticulturae 2023, 9, x FOR PEER REVIEW 8 of 13 
 

 

and 0.58 and 0.93 cm and internode length of 3.02 and 4.21, respectively. These are out-
standing agronomic characteristics, demonstrating that these accessions can guarantee a 
greater production of leaves and a better plant architecture for commercialization and 
consumption in natura. However, future studies can be suggested in order to certify that 
these characteristics remain highlighted at different times of the year, forms of cultivation 
and ways of conducting these accessions, in order to validate the adequate way to guar-
antee the prevalence of these characteristics. 

For the construction of the biplot graph (Figure 3), the variable referring to leaf blade 
width was removed from the database of the principal component analysis in order to 
solve the problem of multicollinearity since it contributes little to explaining the total data 
variability.  

The accession Manolo was prominent among the others in all characteristics ob-
served, presenting the greatest means. Accessions BL11, NL28, NL13, NL19, NL16, NL12, 
NL26, NL29, BL22 and the cultivar Fino Francês presented some similarities regarding the 
variables analyzed and were close to the origin, indicating similarity to each other and 
medium values for the diameter of the aerial part, plant height, leaf blade length and in-
ternode length. Conversely, the smallest values were observed for accessions NL34, NL35, 
NL38 and BL24 (Figure 3).  

However, the same author [30] carried out an evaluation of the height of the plants 
49 days after transplanting, and he observed that the values were from 0.46 to 0.55 m, also 
concluding that through studying the development of basil in hydroponics, he noticed a 
decrease in the development of the same resulting from saline stress. Being able to observe 
that, in relation to this study, the present work presented a lower average for the height 
of the plants.

 
Figure 3. Biplot of the variables of diameter of the aerial part (DAP), plant height (PH), leaf blade 
length (LBL) and internode length (IL) for the basil narrow leaf and broad leaf accessions. 

Nevertheless, it is worth highlighting that, although the accession Manolo presents 
good agronomic characteristics, its cultivation in hydroponics is not interesting, since the 

Figure 3. Biplot of the variables of diameter of the aerial part (DAP), plant height (PH), leaf blade
length (LBL) and internode length (IL) for the basil narrow leaf and broad leaf accessions.

The accession Manolo was prominent among the others in all characteristics observed,
presenting the greatest means. Accessions BL11, NL28, NL13, NL19, NL16, NL12, NL26,
NL29, BL22 and the cultivar Fino Francês presented some similarities regarding the vari-
ables analyzed and were close to the origin, indicating similarity to each other and medium
values for the diameter of the aerial part, plant height, leaf blade length and internode
length. Conversely, the smallest values were observed for accessions NL34, NL35, NL38
and BL24 (Figure 3).

However, the same author [30] carried out an evaluation of the height of the plants
49 days after transplanting, and he observed that the values were from 0.46 to 0.55 m, also
concluding that through studying the development of basil in hydroponics, he noticed a
decrease in the development of the same resulting from saline stress. Being able to observe
that, in relation to this study, the present work presented a lower average for the height of
the plants.

Nevertheless, it is worth highlighting that, although the accession Manolo presents
good agronomic characteristics, its cultivation in hydroponics is not interesting, since the
plants with greater height and internode are of difficult conduction, falling and generating
deformed plants and, consequently, impairing their commercialization.

Another work [30] valuated the height of basil plants in a hydroponic system in
different periods of the culture cycle and observed that there was a reduction in this variable
as a function of increased water salinity; nevertheless, the values found, on average, were
from 21 to 46 cm throughout the assessment days. The values found were close to those
obtained in the present work, despite being different basil accessions.
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In another work, [9] performed experiments in vases and observed that the basils of
the “moita” type were prominent by their average size of 32.3 cm and reduced leaves with
leaf area of 4.81 cm2. Nonetheless, in the present work, the thin-leaf accessions observed
reached inferior leaf sizes similar to those observed by [9].

In work [9], it was characterized that in the species of O. basilicum, the length and
width of the leaf blade vary from 3 to 6 cm and from 1.3 to 3 cm. However, as analyzed,
among these accessions, only two obtained values within the length, and the others were
close, but they were all lower, respectively. This variable can be interesting, because when
the leaves are smaller, this can guarantee that a greater number of them are present, being
something viable considering that this organ is the most used for commercial purposes of
this crop. In addition, this characteristic can attribute advantages to the ornamental use of
these plants.

In a protected cultivation of basil in vases, with a 70% shaded system and assessment
at 75 days of cultivation, the mean root size was of 18.75 cm, which is a relatively close
value to that found in the present work (13.32 cm) [31]. However, it was a characteristic
that did not present a significant difference between treatments.

3.3. Essential Oil and Sensory Analyses

The estimated contents of essential oil varied from 0.05% to 0.45%, these values being
close or even higher than those found by [32] when they analyzed narrow-leaf and broad-
leaf basil cultivated in a hydroponic system, since they observed a variation from 0.10%
to 0.23%, and by [33], who analyzed 60 different accessions that varied the essential oil
content from 0.04 to 0.70%. The accessions with the highest oil contents presented the
greatest coloration intensity (high); nevertheless, coloration may be especially related to
the compounds present in the oil and not only its total amount in the plant. It is observed
that the variable color intensity does not seem to influence the increase or decrease in the
variables involved in this analysis. Nevertheless, other studies are necessary to validate
this affirmation (Figure 4).

In general, it was possible to observe a grouping between the variables of intensity
of odor and eugenol, since they are greatly correlated (r = 0.7539), demonstrating that the
greater the odor intensity is, the higher the eugenol content in the accessions is (Figure 4).
All accessions that presented the highest levels of eugenol also stood out with the greatest
intensity of odor in accessions NL13, NL28 and NL16, which, respectively, presented
eugenol contents of 22.7%, 17.95% and 20.95%. On the other hand, accessions NL35, NL38
and NL34 presented the lowest values for these variables (Figure 4). Oil eugenol, another
compound also observed in most of the analyzed accessions, may be in the majority together
with linalool for some species of basil [34].

In Figure 4, it was also observed that methyl eugenol is inversely correlated (r = 0.6136)
to linalool, indicating that accessions with high eugenol content tend to have low linalool
content, which corroborates the results obtained, since the highest linalool contents and the
lowest contents of methyl eugenol were found in accessions Manolo, BL11, BL24, NL16 and
NL28. Analogously inverse, the smallest linalool contents and the highest methyl eugenol
contents were obtained for accessions NL26, NL29, NL12, NL34 and BL22 (Figure 4).
Conversely, few accessions presented high linalool contents, with highlight only for the
variety Manolo (broad leaf) which was not prominent regarding odor. This result may
indicate that a greater concentration of linalool does not favor a higher intensity for odor
and coloration of these accessions. However, future studies must be carried out to validate
this issue.

A prominent accession was NL26 since it presented a methyl eugenol content of
77.7%; then, eugenol was the most abundant component, and finally, linalool was a major
component of basil essential oil [12], reaching the highest value of 17.6% in accession BL24.
This accession, in turn, was one of the latest for flowering, as observed in the first step of
the experiment, starting the reproductive period around seven weeks after transplantation
(DAT). It is an accession with very interesting horticultural qualities that can be used as
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a new cultivar in programs for the genetic improvement of this condiment, aiming at
obtaining new cultivars with high yield of essential oil and commercialization in natura
because of late flowering.
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Regarding the content of essential oil, the accessions that presented the lowest extrac-
tion values were BL22, Manolo, NL35, NL38 and NL34; on the other hand, the highest
values were obtained for accessions NL13, NL28 and NL16 (Figure 4). Therefore, it is
important to highlight that information regarding the content and composition of the
essential oil (linalool) and late flowering of basil are very important, since it is a condiment
commercialized mainly in natura. It is thus indispensable that these plants also present
a higher number of leaves when commercialized, as well as intense odor to be attractive
to the consumer. Therefore, for the selection of the accessions favorable to the market in
natura and/or for the extraction and commercialization of the essential oil, it is necessary
to observe the plants with all these characteristics.

It is important to point out that, in other works [35], the essential oil content was
analyzed, obtaining an average of 0.7 to 2.4 mL of essential oil content/100 g of dry
forage, and it is important to highlight that, in this work, this analysis was carried out
in pre-flowering, which is the stage where the highest levels were found, while the same
evaluated the levels at the end of flowering, obtaining lower values for all treatments (0.3
to 1.7 mL 100 g−1). This indicates, however, that younger plants with late flowering favor
the increase in the essential oil content.

For basil production aiming at essential oil extraction, the highest content is observed
with the plant in the post-flowering stage, whereas the lowest content is in the pre-flowering
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period [36]. Nonetheless, [37] it was observed that the highest oil content occurred before
plant flowering. Thus, the plant development stage can be a determining factor for essential
oil content.

Although linalool is the major compound in basil essential oil, as reported by [38], the
variation in the composition of the oil can be related to the weather conditions since basils
cultivated in Egypt presented as major compounds linalool, methyl chavicol and methyl
cinnamate. Nevertheless, more studies are necessary to validate the factors which can
influence this variation. In addition, according to [12], other compounds can be found in
basil essential oil, due to the wide morphological, biochemical and physiological variation
of O. basilicum and interspecific hybridization that results in numerous cultivars, thus
generating a large difference in volatile fraction contents, which can affect the color and
aroma of these plants [39].

Similar to this work, others also found the components linalool, eugenol and methyl
chavicol in the composition of basil essential oil [40].

According to [41], methyl eugenol is found in basil leaves, especially when the extrac-
tion is performed from dry leaves, as in the present work, which can explain the presence
of this compound in all accessions analyzed.

It was observed that there is a variation in the content of essential oil throughout the
development of basil plants, with the maximum production occurring before flowering [37].
In this experiment, the evaluated plants were in the vegetative stage (without flowering).
This is another point to be considered in the cultivation of basil with late flowering, as
analyzed in the first step of this study.

4. Conclusions

Considering all accessions evaluated, accessions BL11 and BL22 are highlighted for
commercialization in natura because of the agronomic characteristics of interest and late
flowering. For essential oil production, given its greatest content, BL24 is highlighted.
Furthermore, it is important to highlight that in the present work, accessions with superior
performance to the varieties used as controls were found, varieties which were inferior in
several agronomic characteristics, including essential oil and sensory. Thus, these accessions
can be provided as new varieties to be used in programs for the genetic improvement of
this species.

Author Contributions: Conceptualization, F.A.G.P., M.A.d.S. and F.C.S.; methodology, F.A.G.P.,
M.A.d.S., S.D.S.d.M. and F.C.S.; software, S.D.S.d.M.; validation, F.A.G.P., M.A.d.S. and F.C.S.; formal
analysis, S.D.S.d.M.; investigation, F.A.G.P. and F.C.S.; resources, M.A.d.S., S.D.S.d.M. and F.C.S.; data
curation, F.A.G.P. and S.D.S.d.M.; writing—original draft preparation, F.A.G.P., M.A.d.S., S.D.S.d.M.,
J.M.Q.L. and F.C.S.; writing—review and editing, F.A.G.P., M.A.d.S., S.D.S.d.M., J.M.Q.L. and F.C.S.;
visualization, F.A.G.P., M.A.d.S., S.D.S.d.M., J.M.Q.L. and F.C.S.; supervision, F.A.G.P., M.A.d.S.,
S.D.S.d.M., J.M.Q.L. and F.C.S.; project administration, F.A.G.P. and F.C.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Smith, J.E.; Pine, R.A.; Robinson, J.; Cabral, M.J.S.; Smith, D.R.; de Barros, R.P. Efficiency of organic substrates in the development

of basil (Ocimum basilicum L.). Divers. J. 2020, 5, 1442–1450.
2. de Barros, N.A.; of Assisi, A.V.R.; Mendes, M.F. Extraction of basil oil using supercritical fluid: Experimental and mathematical

analysis. Rural. Sci. 2014, 8, 1499–1505.
3. Williams, T.N.; Oak, B.L.; Guedes, P.T.P.; Nordi, N.T.; Robinson, E.S.; De Oliveira, M.M.V.; Ono, E.O.; Rodrigues, J.D. Production

of basil (Ocimum basilicum L.) seedlings under the effect of different substrates. Res. Soc. Dev. 2021, 2, e58210212867.
4. Marques, P.A.A.; Joseph, J.V.; Rock, H.S.; Fraga, E.F.J.; Smith, D.A.; Duarte, S.N. Water consumption of basil by means of drainage

lysimeter. Irrigates 2015, 20, 745–761.



Horticulturae 2023, 9, 831 12 of 13

5. Fabri, E.G.; Maia, N.B. 4th Practical Course of Extraction of Essential Oils; Horticulture Center: Campinas, Brazil, 2019; 48p.
6. Souza, R.V.D. Production of Basil in Spring Summer in Cultivation and Fertilization Systems. Ph.D. Thesis, University of

Uberlândia, Uberlandia, Brazil, 2020.
7. Williams, R.P.; Smith, A.V.C.; Robinson, C.S.A.; Oak, S.V.A.; Blank, M.F.A.; Blank, A.F. Genetic divergence in basil cultivars and

hybrids. Hortic. Bras. 2019, 37, 180–187.
8. Williams, H.G.; Robinson, R.A.; Robinson, D.P.; Junior, A.F.C.; Chagas, L.F.B. Botanical-agronomic and essential oil characteriza-

tion of basil accessions. Rev. Green Agroecol. Develop. Sustain. 2016, 11, 1–6.
9. Ishikawa, F.Y. Morphological characterization of Ocimum basilicum L. genotypes in the Vegetative Phase. Ph.D. Thesis, University

of Brasilia, Brasília, Brazil, 2017.
10. Light, J.M.Q.; Resende, R.F.; Smith, S.M.; Santana, D.G.; Camila, J.S.; Blank, A.F.; Halber, L.L. Production of essential oil of Ocimum

basilicum L. at different times, cultivation systems and fertilizations. Boletín Latinoam. Y Del Caribe De Plantas Med. Y Aromáticas
2014, 13, 69–80.

11. Robinson, R.A.; Williams, S.; Robinson, D.; Chagas, L.; Chagas, J.A. Essential oils of basil and citronella grass in the control of
Aedes aegypti larvae. Rev. Agroecol. Green. Develop. Sustain. 2015, 2, 101–105.

12. Jannuzi, H. Yield and Chemical Characterization of Essential Oil from Basil (Ocimum basilicum L.) Genotypes in the Federal
District. Ph.D. Thesis, University of Brasilia, Brasília, Brazil, 2013.

13. Ghita, A.; Mohammed, S.; Lucia, C.; Mohamed, I.; Vincenzo, F.; Raffaele, P.; Taoufiq, F.; Gianluigi, M. Basil Essential Oil:
Composition, Antimicrobial Properties, and Microencapsulation to Produce Active Chitosan Films for Food Packaging. Foods
2021, 10, 121.

14. Williams, L.S.; Peace, V.P.S.; Smith, A.J.P.; Oliveira, G.X.S.; Roberts, R.; Amorim, E.L. Content, yield and chemical composition of
the essential oil of basil plants submitted to salt stress with NaCl. Rev. Bras. Med Plants 2015, 41, 807–813.

15. Paulus, D.; Valmorbid, R.; Ferreira, S.B.; Zorzzi, I.C.; Nava, G. Biomass and composition of basil essential oil grown under
photoconverter meshes and harvested at different times. Hortic. Bras. 2016, 1, 46–53. [CrossRef]

16. Alcantra, F.D.O.; Smith, T.I.; Maciel, T.C.M.; Marco, C.A.; Silva, F.B. Content and phytochemistry of basil essential oil at different
harvest times. Rev. De Agric. Neotrop. 2018, 5, 1–6.

17. Chagas, L.F.B.; Castro, H.G.; Chagas, A.F.J.; Oliveira, H.K.M.; Sousa, A.S.D. Effect of Essential Oil of Basil and Citronella Grass on
the Inhibition of Phytopathogenic Fungi in Tomato Crops. Braz. J. Dev. 2021, 12, 120758–120771. [CrossRef]

18. Williams, A.S.; Blank, M.F.A.; SMITH, J.H.S.; Torres, F.; SAINTS, O.N.A.; Blank, A.F. In vitro multiplication and induction of
embryogenic calluses in basil hybrid. Sci. Full 2015, 1, 1–12.

19. Williams, L.S.; Gheyi, H.R.; Peace, V.P.S.; Smith, A.N.; Smith, M.G.; Bandeira, S.S. Cultivation of basil using domestic effluent
treated in hydroponic systems under different spacing between plants. Irrigates 2019, 24, 460–472.

20. Furlan, P.R.; Robinson, L.C.P.; Bolognese, D.; Faquin, V. Hydroponic Plant Cultivation; Agronomic Institute: Campinas, Brazil, 1999.
21. De Masi, L.; Siviero, P.; Esposito, C.; Castaldo, D.; Siano, F.; Laratta, B. Assessment of agronomic, B. chemical and genetic

variability in common basil (Ocimum basilicum L.). Eur. Food Res. Technol. 2006, 223, 273–281. [CrossRef]
22. Fernandes, A.R. Growth of Basil (Ocimum basilicum L.) Cultivars Grown in Pots. Ph.D. Thesis, Federal University of Viçosa,

Viçosa, Brazil, 2014.
23. Sanson, A.D. Morphology, Biomass Production and Chemical Characterization of the Essential Oil of Six Accessions of Ocimum

spp. Master’s Thesis, University of Brasilia, Brasília, Brazil, 2009.
24. Blank, F.A.; Son, J.L.S.C.; Grandson, A.L.S.; Williams, P.B.; Arrigoni-Blank, M.F.; Smith-Mann, R.; Mendonça, M.C. Morphological

and agronomic characterization of basil and basil accessions. Hortic. Bras. 2004, 22, 113–116. [CrossRef]
25. de França, M.F.M.S. Vegetative Development and Ornamental Potential of Basil Cultivars under Protected Environment. Ph.D.

Thesis, University of Brasilia, Brasília, Brazil, 2016.
26. Veloso, R.A. Genetic Divergence, Essential Oil Analysis and Bioactivity Accessions of Basil (Ocimum basilicum L.) in the State of

Tocantins. Ph. D. Thesis, University of Brasilia, Gurupi, Brazil, 2012.
27. Rosa, T.R.S. Dialectical studies of yield components and chemical constituents of basil essential oil (Ocimum basilicum L.). Master’s

Thesis, The Federal University of Sergipe, São Cristovão, Brazil, 2010.
28. Blank, F.A.; Souza, E.M.; Arrigini-Blank, M.F.; Paula, J.W.A.; Alves, P.B. Maria Bonita: Linalool type basil cultivar. Braz. Agric. Res.

2007, 42, 1811–1813.
29. Suchorska, T.K.; Osinisk, A.E. Morphological develpmental and Chemical analyses of 5 forms of Sweet basil (Ocimum basilicum

L.). Ann. Wars. Agric. Univ. 2001, 22, 17–22.
30. Bione, M.A.A.; Peace, V.P.S.; Smith, F.; Ribas, R.F.; Soares, T.M. Growth and production of basil in NFT hydroponic system under

salinity. Rev. Bras. Agric. Ambient. Eng. 2014, 12, 1228–1234. [CrossRef]
31. de Oliveira, S.V.R. Basil Growth in Different Luminosities and Water Replacements. Ph.D. Thesis, University of Brasilia, Brasília,

Brazil, 2019.
32. Robinson, P.C.; Falcanali, R.; Robinson, J.P.F.; Furlani, P.R.; Marques, M.O.M. Cultivation of basil in hydroponics and in different

substrates under protected environment. Hortic. Bras. 2004, 2, 260–264.
33. Simom, J.E.; Quinn, J.; Murray, R.G. Basil: A Source of Essential Oils. In Advances in New Crops; Janick, J., Simon, J.E., Eds.; Timber

Press: Portland, OR, USA, 1990; pp. 484–489.

https://doi.org/10.1590/S0102-053620160000100007
https://doi.org/10.34117/bjdv7n12-716
https://doi.org/10.1007/s00217-005-0201-0
https://doi.org/10.1590/S0102-05362004000100024
https://doi.org/10.1590/1807-1929/agriambi.v18n12p1228-1234


Horticulturae 2023, 9, 831 13 of 13

34. Saints, E.F. Selection of purple-colored Ocimum basilicum L. types for the ornamental plant market. Master’s Thesis, University of
Brasilia, Brasilia, Brazil, 2007.

35. Iakovos, K.; George, M.; Pantazis, G.; Christos, D. Effect of water stress on the physiological characteristics of five Basil (Ocimum
basilicum L.) cultivars. Agronomy 2020, 10, 1029.

36. Toncer, O.; Karaman, S.; Diraz, E.; Tansi, S. Essential oil composition of Ocimum basilicum L. at different phenological stages in
semi-arid environmental conditions. Fersenius Environ. Bull. 2017, 8, 5441–5446.

37. Almeida, M.A.Z.D. Response of basil (Ocimum basilicum L.) to the application of homeopathic preparations. Ph.D. Thesis, Federal
University of Viçosa, Viçosa, Brazil, 2002.

38. Ahmed, A.F.; Attia, F.A.K.; Liu, Z.; Li, C.; Wei, J.; Kang, W. Antioxidant activity and total phenolic content of essential oils and
extracts of sweet basil (Ocimum basilicum L.) plants. Food Sci. Um. Wellness 2019, 3, 299–305. [CrossRef]

39. Charles, D.J.; Simon, J.E. Comparison of extraction methods for the rapid determination of essential oil content and composition
of basil (Ocimum spp.). J. Am. Soc. Hortic. Sci. 1990, 115, 458–462. [CrossRef]

40. Sidika, E.; Çigdem, S.; Emrah, O.; Yasemin, K.K.S.; Emine, B.; Hatice, G. The effect of different irrigation water levels on yield and
quality characteristics of purple basil (Ocimum basilicum L.). Agric. Water Manag. 2012, 109, 155–191.

41. Oliveira, R.A.; Moreira, I.S.; Oliveira, F.F. Linalool and methyl chavicol present basil (Ocimum sp.) cultivated in Brazil. Rev. Bras.
Med Plants 2013, 2, 309–311. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.fshw.2019.07.004
https://doi.org/10.21273/JASHS.115.3.458
https://doi.org/10.1590/S1516-05722013000200020

	Introduction 
	Material and Methods 
	First Step: Agronomic Characterization of Basil Accessions 
	Accessions Used and Seedling Acquisition 
	Agronomic Characterization 

	Second Step: Agronomic Characterization of the Plants and Analysis of the Essential Oil 
	Agronomic Characterization 
	Sensory Evaluation 
	Extraction and Analysis of the Essential Oil 
	Statistical Analysis 


	Results and Discussion 
	First Step: Agronomic Characterization of Basil Accessions 
	Second Step: Agronomic Characterization of the Plants in Hydroponic System and Analysis of the Essential Oils 
	Essential Oil and Sensory Analyses 

	Conclusions 
	References

