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Abstract: The prospect of replacing traditional chemical fertilization with organic and microorganism-
based fertilization meets the current demand for more sustainable cropping systems and healthy
food. In this respect, research was carried out to evaluate the effects of the factorial combination
between four basil cultivars (‘Aromat de Buzau’, ‘Macedon’, ‘Cuisoare’ and ‘Serafim’) and three types
of fertilization, namely chemical fertilization (with a solid chemical fertilizer), organic fertilization
(with chicken manure formulate) and microorganisms’ fertilization (with microorganisms formulate),
on basil yield, biochemical and physiological parameters and essential oil composition. The results
showed that the biometric parameters (plant height, number of stems and leaves and leaf area)
were significantly influenced by the cultivar; ‘Macedon’ obtained the highest values of plant height
(64.7 cm) and number of stems (20.33) and leaves (618.3) and ‘Serafim’ the largest leaf area (4901.7 cm2

per plant), while the type of fertilization did not affect these parameters. Regarding the biomass, the
influence of the cultivar was not significant on fresh biomass but was significant on dry biomass, with
‘Macedon’ showing the highest value (56.4 g·plant−1 dry biomass). The mentioned parameters were
significantly influenced by the type of fertilization, with the highest values recorded with chemical
fertilization. Both the cultivar and the fertilization type significantly influenced the physiological
parameters (the total content of assimilatory pigments and photosynthesis). Five phenolic compounds
were quantified from leaf extracts by HPLC-MS (caffeic acid, hyperoside, isoquercitrin, rutin and
quercitrin). Hyperoside was identified only in ‘Macedon’, while the rest of the compounds were
found in all the cultivars and varied depending on the cultivar and fertilization type. Regarding
the composition of the essential oil, variation was found depending on the cultivar and fertilization
type. In ‘Aromat de Buzau’, the main compounds were methyl chavicol and β-linalool; in ‘Macedon’,
geranial and neral; and in ‘Cuisoare’ and ‘Serafim’, β-linalool. Moreover, the PCA showed that the
‘Serafim’ cultivar has exclusive properties compared to the other cultivars. Our results highlight that
identifying the most effective interaction between genotype and fertilization type allows to optimize
yield and quality targets for sweet basil.
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1. Introduction

Sweet basil (Ocimum basilicum L.) is a medicinal, culinary and ornamental species of
tropical origin that is characterized by a high ecological plasticity, being cultivated world-
wide [1,2]. This species can be grown successfully both in open fields and in greenhouses,
as well as in pots indoors [3]. Green-leafed cultivars, i.e., ‘Genovese’, are used in the
preparation of pesto, a typical green sauce in Italian cuisine [4]. Moreover, basil can be
consumed fresh as a salad or dry in the preparation of some Mediterranean dishes and
drinks [5]. Due to its popularity, a number of cultivars adapted to various local conditions
with different phenotypes and chemotypes have been introduced in the market [6,7]. The
main phenotypic characteristics varying among the different cultivars are plant height, leaf
shape and color and flower color [8]. In a general review on basil, Simon et al. [8] described
the plant characteristics of basil cultivars belonging to the Ocimum basilicum species that are
found on the North American market and showed that plant height can vary from 29 cm
(‘Green Ruffles’) up to 65–70 cm (‘Sweet Dani’). Moreover, the color of leaves can be green
(‘Genovese’), green-purple (‘Anise’) or purple (‘Red Rubin Purple Leaf’), while the color of
the flowers can be white (‘Genovese’), pink (‘Dark Opal’) or bright purple (‘Purple Ruffles’).
Other characteristics that can vary are spread (cm), stem and spike color and the number
of days to flowering [8]. Basil is rich in essential oil, and its composition determines its
specific aroma and chemotype [9,10]. The most common chemotype found within the
European market is considered to have the best aroma and quality due to the high content
of linalool and methyl chavicol. Other chemotypes are those from ‘Reunion’, with a high
content of methyl chavicol; from tropics, which have a high content of methyl cinnamate;
and from Eastern Europe, Russia and many parts of Asia and North Africa, which have a
high content of eugenol [11,12]. The content and composition of phenolic compounds and
essential oil depend on the cultivar and the cultivation technology. Zheljazkov et al. [13]
evaluated the essential oil content depending on the cultivar and the growing location and
found that the ‘Mesten’ cultivar had 0.067% at Beaumont, Mississippi and 0.481% at Verona,
Mississippi, while the ‘German’ cultivar had 0.236% at Beaumont and 0.389% at Verona.
Regarding the cultivation technology, Baczek et al. [14] found that the content of linalool
was higher in plants grown in an open field compared to those grown in a polytunnel. Basil
is also rich in phenolic compounds such as rosmarinic acid, chicoric acid and caffeic acid,
which give it bioactivities such as antioxidant, antimicrobial or insecticidal activity [15,16].

Fertilization with organic fertilizers has become more and more attractive for farmers
as consumer are willing to pay premium price for organic produce. Indeed, in the EU
alone, the land area under certified organic management has increased from 9.5 million
hectares in 2012 to 14.7 million hectares in 2020 [17]. Microorganism-based products (i.e.,
arbuscular mycorrhizal fungi and plant growth-promoting rhizobacteria) can be used in or-
ganic agriculture to stimulate growth and control pests [18]. Moreover, due to the complex
mechanisms of action, such as increasing the bioavailability of nutrients by solubilizing
macronutrients such as phosphorus or inducing systemic resistance in plants, they can
influence the synthesis of compounds with a defense role such as polyphenols [19,20].
Currently, the interest in healthy food rich in bioactive compounds has increased, and
in this respect, farming management allows for improving the quality of products by
increasing the content of these compounds. Organic fertilization may stimulate beneficial
microorganisms and subsequently could stimulate the synthesis and accumulation of bioac-
tive compounds [21–23], while chemical fertilization can have the opposite effect [24,25].
Moreover, in conventional cultivation systems, the use of chemical fertilizers and pesticides
can cause the accumulation of some chemical residues both in soil and plant products,
in contrast to certified organic crops where the use of chemical fertilizers and pesticides
is prohibited [26]. Caruso et al. [21], in a comparative study, showed that in sweet pep-
per (Capsicum annuum L. ssp. annuum), the total content of polyphenols increased with
microorganism-enriched conventional fertilization and the total flavonoid content increased
with microorganism-enriched organic fertilization compared to conventional fertilization.
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Due to the shortage of literature reports about the prospect of replacing traditional
chemical fertilization with organic and microorganism-based fertilization types which
better meet the current demands for more sustainable crop systems and healthy food, the
present investigation aimed to assess the interaction effect between cultivar and fertilization
type on the yield, biochemical and physiological parameters and essential oil composition
of basil.

2. Materials and Methods
2.1. Experimental Site

This research was carried out on sweet basil (Ocimum basilicum L.) in 2019 and 2020 at
the experimental field of the Didactic and Experimental Station V. Adamachi within the
Iasi University of Life Sciences, Romania. The soil was anthropic chambic chernozem with
the following characteristics: 61% sand, 33% clay and 6% silt; pH 7.1; EC 495 µS·cm−1;
2.79% organic matter; 2.8 g·kg−1 N, 32 mg·kg−1 available P (Olsen method), 218 mg·kg−1

available K (ammonium acetate method) and 4.1 g·kg−1 CaCO3; C/N 5.93. The main
meteorological conditions during the research are presented in Table 1.

Table 1. Meteorological conditions during the study.

Month

Average Temperature
(◦C)

Atmospheric Humidity
(%)

Rainfall
(mm)

2019 2020 2019 2020 2019 2020

April 10.7 11.1 66 42 6.9 1.6
May 16.6 14.4 77 67 74.9 130.5
June 22.7 21.3 59 71 8.4 99.0
July 22.0 22.1 67 61 3.8 7.9

August 22.1 23.6 67 54 35.1 8.8

Average/Sum 18.8 18.5 67.2 59.0 129.1 247.8

The experiment was established in mid-April by direct sowing in polystyrene multicell
trays, with 31.3 cm3 alveoli. The seedlings were planted in mid-May in the open field,
spaced 15 cm to 45 cm in row/between row spacing, resulting in a density of 14.8 plants
per square meter.

During the cropping season, the following practices were performed: drip irrigation;
manual weeding twice; harvesting was performed at the beginning of flowering (BBCH
61) [27], at the beginning of August. No phytosanitary treatments were necessary [28].

2.2. Experimental Design

The experimental protocol was based on the combination of two factors, and a split plot
design was arranged for the treatment distribution in the field, with three repetitions: factor
A was the cultivar [a1—‘Aromat de Buzau’ (AB); a2—‘Macedon’ (M), a3—‘Cuisoare’ (C);
a4—‘Serafim’ (S)], assigned to the plots; factor B was the type of fertilization [b1–chemical
(Ch); b2–organic (O); b3–microorganisms (Mo)] assigned to the sub-plots.

The cultivars used in the experiment were developed and commercially propagated in
Romania, at the Buzau Vegetable Research Development Station; three of them have already
been homologated (AB, M and S), while the fourth is a genotype under test, with the aroma
of clove oil (Syzygium aromaticum L.) (C). These cultivars have different morphological
and phytochemical characteristics: Aromat de Buzau is a cultivar with green leaves and
white flowers, and methyl chavicol and linalool are the main essential oil constituents;
Serafim has red leaves and pink flowers, and linalool and eugenol are the main essential oil
constituents; Macedon has green leaves and white flowers, and geranial and neral are the
main essential oil constituents; Cuisoare has green leaves and purple flowers, and linalool
and eugenol are the main essential oil constituents [18].
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Regarding the applied fertilization types, the chemical one was performed with Crista-
land at 200 kg·ha−1, the organic one with Orgevit at 1000 kg·ha−1, and the microorganisms’
formulation was Micoseeds MB at 80 kg·ha−1. The fertilizers were applied before planting
with soil incorporation. Cristaland® is a solid chemical fertilizer containing 30% total N, of
which 2% is ammoniacal N and 28% is uric N; 10% water-soluble P2O5; 10% water-soluble
K2O and 2% water-soluble MgO. Orgevit® is a solid ecological fertilizer with pH 7, in
granular form containing 65% OM, 90% dry matter, 4% N, 3% P2O5, 2.5% K2O, 1% MgO,
0.02% Fe, 0.01% Mn, 0.01% B, 0.01% Zn, 0.001% Cu and 0.001% Mo. Micoseeds MB® is a
microgranulated product based on microorganisms that predominantly contains arbuscu-
lar mycorrhizal fungi (AMF), spores of Claroideoglomus etunicatum, Funneliformis mosseae,
Glomus aggregatum and Rhizophagus intraradices. In addition to these spores, there are
fungi and bacterial species belonging to the genera Trichoderma, Streptomyces, Bacillus
and Pseudomonas.

The dose of N active substance (a.s.) per hectare from the organic fertilization with
Orgevit represented approximately 70% of the dose of N a.s. per ha associated with the
chemical fertilization with Cristaland, because it was taken into account that the N anion
from the oxidation of urea and ammonium is not adsorbed by the surface of the soil colloids,
and thus, a leaching loss of a N-NO3

− fraction is expected. The application of beneficial
microorganisms served to evaluate their potential in stimulating plant nutrient absorption
in the absence of fertilization [21].

2.3. Biometric and Agroproductivity Characteristics Determination

In order to determine the biometric characteristics, the height of the plants was evalu-
ated by measuring them with a ruler and expressing the values obtained in cm, followed
by determinations regarding the number of lateral stems per plant [29].

To assess the number of leaves per plant and the leaf surface per plant (cm2·plant−1),
the basil plants were harvested by cutting them 5 cm above the ground. The leaf area index
(LAI) was determined using the Li-3100 Area Meter, (LICOR, inc., Lincoln, NE, USA) [30].

The amount of fresh biomass (leaves and stems), expressed in grams per plant, was
determined immediately after harvesting by weighing with a Kern analytical balance, with
a precision of 0.01 g. The amount of dry biomass was determined after drying the plants in
a sheltered, naturally ventilated place for 30 days [31].

2.4. Physiological Parameters Determination
2.4.1. Total Chlorophyll Content Determination

The total chlorophyll content was determined with a CCM-200 plus non-destructive
portable chlorophyll content meter (Opti-Sciences, ADC BioScientific Ltd., Hoddesdon,
Hertfordshire, UK); the recorded values were expressed as CCI units (Chlorophyll Content
Index). The measurements were taken one day before harvest. For each experimental
treatment, 30 readings with 20 plants were performed. Fully developed leaves at the
middle plant height were selected [32].

2.4.2. Photosynthesis Determination

Photosynthesis was determined using an LCi system (ADC Bioscientific UK Ltd.,
Hoddesdon, Hertfordshire, UK). A broad leaf chamber (6.4 cm2) was used, and the
measurements were performed between 9 and 11 a.m. The results were expressed as
µmol m−2 s−1 [32].

2.4.3. The Color of Leaves

The color parameters of leaves (L, a and b) were assessed using a MiniScan XE Plus
color meter (HunterLab, Reston, VA, USA). The value of L indicates lightness, a indicates
the degree of red (+a) or green (−a) and b denotes yellow (+b) or blue (−b) color of leaves.
C is the chroma [33].
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2.5. Extraction and Determination of Phenolic Compounds

The phenolic compounds (caffeic acid, hyperoside, isoquercitrin, rutin and quercitrin)
were determined from 10% leaf extract in 70% ethanol by ultrasonication for 30 min at room
temperature. An Agilent 1100 HPLC system by Agilent Technologies Inc., Santa Clara,
CA, USA, and a Zorbax SB-C18 column were used according to the method described by
Mocan et al. [34].

2.6. Extraction and Analysis of the Essential Oil Composition

The essential oil was extracted from fresh whole aboveground plant material by steam
distillation for three hours and the results were expressed as %.

A GC/FID–GC/MS system (Agilent 5975C MSD coupled to Agilent 7890A GC by
Agilent Technologies Inc., Santa Clara, CA, USA) was used to analyze the composition of the
essential oil. The complete method was described by Teliban et al. [18], Burducea et al. [35]
and Adams [36].

2.7. Statistical Analysis

The results were reported as means ± standard errors of the two-year experiment
(2019 and 2020), after raw data processing by ANOVA and mean separation through the
Duncan multiple range test (p < 0.05) using SPSS v21 software (IBM Corp, Armonk, NY,
USA). The principal component analysis (PCA) was performed using OriginPro 2020
Academic by OriginLab Corporation, Northampton, MA, USA. This analysis aimed to
reduce the number of variables to determine correlations and interactions between different
inputs [37].

3. Results

The effect of the cultivar and the fertilization type on the biometric parameters is
shown in Table 2. ‘Macedon’ had the highest values of plant height (+65% compared to
‘Serafim’), ramifications (+56% compared to ‘Aromat de Buzau’) and number of leaves
(+96% compared to ‘Cuisoare’), while ‘Serafim’ displayed the highest values of leaf area
(+44% compared to ‘Aromat de Buzau’). The fertilization type did not induce significant
differences with reference to the mentioned parameters (Table 2).

Table 2. Influence of cultivar and fertilization type on the biometric characteristics.

Treatment Plant Height
(cm)

Ramifications
(No. per Plant)

No. of Leaves
per Plant

Leaf Area Index (LAI)
(cm2 per Plant)

Cultivar

‘Aromat de Buzau’ 53.05 ± 1.45 a 13.22 ± 0.58 b 473.61 ± 18.70 b 3387.95 ± 174.59 b
‘Macedon’ 64.61 ± 4.63 a 20.55 ± 1.45 a 618.17 ± 32.69 a 3886.50 ± 167.79 b
‘Cuisoare’ 58.61 ± 6.00 a 14.06 ± 1.00 b 315.22 ± 8.37 c 3962.94 ± 98.77 b
‘Serafim’ 38.89 ± 2.00 b 14.61 ± 0.58 b 457.69 ± 34.49 b 4901.61 ± 307.60 a

Fertilization type

Chemical 54.63 ± 2.33 15.42 ± 0.67 471.28 ± 20.08 4319.39 ± 87.72
Organic 53.79 ± 2.33 15.67 ± 1.20 460.59 ± 41.09 4064.51 ± 353.93

Microorganisms 52.96 ± 1.76 15.75 ± 0.58 466.65 ± 38.02 3720.35 ± 196.91
n.s. n.s. n.s. n.s.

Within each column: n.s.—no statistically significant difference; values associated with the same lowercase letters
are not statistically different at p < 0.05 according to Duncan’s test.

The effect of the cultivar and the fertilization type on biomass parameters is shown
in Table 3. Regarding the fresh biomass, ‘Serafim’ had the highest value of leaves weight
(+45% compared to ‘Aromat de Buzau’), and ‘Macedon’ had the highest weight of stems
(+68% compared to ‘Serafim’) and of total plant (+14% compared to ‘Serafim’). Regarding
the dry biomass, ‘Cuisoare’ had the highest leaves weight (+47% compared to ‘Aromat de
Buzau’), and ‘Macedon’ had the highest weight of stems (+162% compared to ‘Serafim’)
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and of total plant (+60% compared to ‘Serafim’). Chemical fertilization showed the highest
significant influence on the fresh and dry weights of stems and total plant.

Table 3. Influence of cultivar and fertilization type on basil yield characteristics.

Treatment Fresh Yield (g per Plant) Dry Yield (g per Plant)
Leaves Weight Stem Weight Total Weight Leaves Weight Stem Weight Total Weight

Cultivar

‘Aromat de Buzau’ 116.17 ± 2.68 b 208.76 ± 11.03 a 324.93 ± 10.82 15.42 ± 0.19 c 31.96 ± 1.48 b 47.38 ± 1.58 b
‘Macedon’ 133.71 ± 5.32 b 201.15 ± 17.67 a 334.86 ± 22.78 18.43 ± 0.85 b 37.94 ± 2.68 a 56.36 ± 3.35 a
‘Cuisoare’ 156.59 ± 6.45 a 172.15 ± 5.83 a 328.74 ± 6.14 22.67 ± 0.63 a 25.09 ± 0.94 c 47.77 ± 0.98 b
‘Serafim’ 169.45 ± 9.82 a 123.85 ± 5.30 b 293.31 ± 12.67 20.62 ± 1.06 ab 14.45 ± 0.43 d 35.07 ± 1.37 c

n.s.

Fertilization type

Chemical 153.87 ± 5.11 193.43 ± 10.28 a 347.30 ± 14.12 a 20.55 ± 0.74 29.49 ± 1.49 a 50.04 ± 1.97 a
Organic 141.27 ± 9.17 178.66 ± 3.61 ab 319.93 ± 5.60 ab 18.67 ± 1.00 28.40 ± 0.26 a 47.07 ± 0.84 ab

Microorganisms 136.81 ± 3.21 157.34 ± 1.92 b 294.15 ± 4.54 b 18.64 ± 0.35 24.18 ± 0.46 b 42.82 ± 0.11 b
n.s. n.s.

Within each column: n.s.—no statistically significant difference; values associated with the same lowercase letters
are not statistically different at p < 0.05 according to Duncan’s test.

From the significant interaction between cultivar and fertilization type, it arose that
the highest values of plant height and leaf number were recorded in ‘Macedon’ under
the chemical fertilization, the highest ramification number was in organically fertilized
‘Macedon’ and the largest leaf area was in ‘Serafim’ supplied with organic fertilizer (Table 4).

Table 4. Interaction between cultivar and fertilization type on the biometric characteristics.

Treatment Plant Height
(cm)

Ramifications
(No. per Plant)

No. of Leaves per
Plant

Leaf Area Index
(LAI, cm2 Per Plant)

AB × Ch 50.83 ± 2.17 bcde 12.83 ± 0.17 d 408.67 ± 18.89 cdef 3332.17 ± 148.13 d
AB × O 48.83 ± 4.51 bcde 11.33 ± 1.74 d 480.33 ± 36.32 bcd 3258.00 ± 217.59 d

AB × Mo 59.50 ± 6.45 ab 15.50 ± 2.18 bcd 531.83 ± 77.30 abc 3573.67 ± 310.89 cd
M × Ch 69.67 ± 4.92 a 20.33 ± 1.17 ab 676.33 ± 34.51 a 4529.17 ± 9.68 abc
M × O 66.33 ± 4.21 ab 22.50 ± 1.32 a 606.00 ± 44.26 ab 3765.67 ± 275.66 cd

M × Mo 57.83 ± 5.93 abc 18.83 ± 2.73 abc 572.17 ± 59.09 abc 3364.67 ± 494.36 cd
C × Ch 60.67 ± 10.54 ab 14.50 ± 1.32 cd 353.17 ± 13.17 def 4238.83 ± 87.13 bcd
C × O 59.33 ± 2.62 ab 14.50 ± 2.00 cd 302.33 ± 28.99 ef 3855.50 ± 281.15 cd

C × Mo 55.83 ± 5.42 abcd 13.17 ± 0.33 d 290.17 ± 20.46 f 3794.50 ± 35.22 cd
S × Ch 37.33 ± 2.46 e 14.00 ± 1.89 cd 446.94 ± 34.47 bcdef 5177.38 ± 261.39 ab
S × O 40.67 ± 6.65 cde 14.33 ± 1.09 cd 453.70 ± 123.28 bcdef 5378.88 ± 909.63 a

S × Mo 38.67 ± 1.48 de 15.50 ± 1.04 bcd 472.42 ± 26.63 bcde 4148.56 ± 117.69 bcd
Within each column, values associated with the same lowercase letters are not statistically different at p < 0.05
according to Duncan’s test. AB—‘Aromat de Buzau’; M—‘Macedon’; C—‘Cuisoare’; S—‘Serafim’; Ch—chemical;
O—organic; Mo—microorganisms.

From the significant interaction between cultivar and fertilization type on fresh
biomass (Table 5), it can be observed that the chemical fertilization led to the highest
fresh and dry biomass of leaves in ‘Cuisoare’ and of stems and total plant in ‘Macedon’.

The effect of cultivar and fertilization type on physiological and color parameters
is shown in Table 6. The highest content of assimilatory pigments, expressed in CCI
(Chlorophyll Content Index), was recorded in ‘Serafim’ (35.63 CCI), 161% higher than
that in ‘Aromat de Buzau’ which had the lowest value (13.6 CCI). The highest value of
photosynthesis was detected in ‘Aromat de Buzau’, 202% higher than that in ‘Serafim’.
The chemical fertilization elicited the highest content of assimilatory pigments, 10% higher
than the microorganism formulation, with the latter leading to the highest value of photo-
synthesis, 31% higher than that with chemical fertilization. Among the color parameters
(L lightness–darkness, a redness–greenness and b yellowness–blueness), L was significantly
higher in ‘Aromat de Buzau’ and under microorganism fertilization; the highest value of a
and the lowest value of b were recorded in ‘Serafim’, a red-leafed basil cultivar.
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Table 5. Interaction between cultivar and fertilization type on basil yield characteristics.

Treatment Fresh Yield (g per Plant) Dry Yield (g per Plant)
Leaves Weight Stem Weight Total Weight Leaves Weight Stem Weight Total Weight

AB × Ch 118.76 ± 3.96 cd 218.90 ± 10.41 ab 337.65 ± 7.85 ab 16.15 ± 0.25 de 33.62 ± 2.79 cd 49.77 ± 2.74 b
AB × O 108.72 ± 1.67 d 222.14 ± 12.12 ab 330.85 ± 13.79 abc 14.89 ± 0.46 e 35.13 ± 1.19 bc 50.01 ± 1.57 b

AB × Mo 121.05 ± 3.68 cd 185.23 ± 18.81 abcd 306.28 ± 16.16 bc 15.23 ± 0.14 e 27.13 ± 3.17 de 42.36 ± 3.07 bc
M × Ch 155.58 ± 2.86 ab 228.78 ± 20.24 a 384.36 ± 22.51 a 21.58 ± 0.91 abc 41.95 ± 1.19 a 63.52 ± 1.59 a
M × O 130.13 ± 8.53 bcd 208.96 ± 19.29 abc 339.09 ± 27.19 ab 17.90 ± 1.24 cde 40.87 ± 3.86 ab 58.77 ± 5.01 a

M × Mo 115.43 ± 16.16 d 165.69 ± 21.94 cd 281.13 ± 37.64 bc 15.80 ± 1.75 e 30.99 ± 3.26 cde 46.79 ± 4.55 b
C × Ch 163.87 ± 5.27 a 177.49 ± 1.29 bcd 341.37 ± 6.51 ab 24.63 ± 1.06 a 25.74 ± 0.90 e 50.38 ± 1.93 b
C × O 155.67 ± 12.72 ab 169.73 ± 5.38 cd 325.40 ± 7.41 abc 21.01 ± 1.07 abc 24.56 ± 1.75 e 45.58 ± 1.64 b

C × Mo 150.23 ± 8.94 abc 169.23 ± 15.34 cd 319.47 ± 22.13 abc 22.36 ± 0.59 ab 24.98 ± 1.94 e 47.34 ± 2.44 b
S × Ch 177.29 ± 16.84 a 148.54 ± 14.10 de 325.83 ± 29.22 abc 19.82 ± 1.75 bcd 16.67 ± 1.28 f 36.49 ± 2.73 c
S × O 170.55 ± 18.10 a 113.82 ± 17.77 e 284.37 ± 6.53 bc 20.87 ± 2.45 abc 13.05 ± 1.41 f 33.92 ± 1.41 c

S × Mo 160.52 ± 3.60 ab 109.21 ± 7.39 e 269.72 ± 8.97 c 21.17 ± 0.74 abc 13.62 ± 0.75 f 34.79 ± 0.79 c
Within each column, values associated with the same lowercase letters are not statistically different at p < 0.05
according to Duncan’s test. AB—‘Aromat de Buzau’; M—‘Macedon’; C—‘Cuisoare’; S—‘Serafim’; Ch—chemical;
O—organic; Mo—microorganisms.

Table 6. Influence of cultivar and fertilization type on physiological and color parameters.

Treatment CCI Photosynthesis
µmol m−2 s−1 L a b

Cultivar

‘Aromat de Buzau’ 13.60 ± 0.06 d 2.69 ± 0.23 a 35.50 ± 0.31 a −6.21 ± 0.09 c 13.79 ± 1.44 a
‘Macedon’ 22.97 ± 0.35 b 1.30 ± 0.04 c 33.83 ± 0.05 b −5.72 ± 0.06 b 11.52 ± 0.06 a
‘Cuisoare’ 17.53 ± 0.33 c 1.81 ± 0.04 b 34.32 ± 0.44 b −6.40 ± 0.12 c 12.75 ± 0.20 a
‘Serafim’ 35.63 ± 0.66 a 0.89 ± 0.01 d 22.83 ± 0.06 c 1.75 ± 0.08 a −0.15 ± 0.01 b

Fertilization type

Chemical 23.73 ± 0.03 a 1.47 ± 0.06 b 31.55 ± 0.12 ab −4.14 ± 0.05 ab 8.95 ± 0.10
Organic 21.93 ± 0.50 b 1.61 ± 0.13 ab 31.33 ± 0.16 b −4.03 ± 0.06 a 10.02 ± 1.11

Microorganisms 21.57 ± 0.18 b 1.93 ± 0.11 a 31.99 ± 0.16 a −4.27 ± 0.05 b 9.46 ± 0.14
n.s.

Within each column: n.s.—no statistically significant difference; values associated with the same lowercase
letters are not statistically different at p < 0.05 according to Duncan’s test. CCI—Chlorophyll Content Index;
L—lightness–darkness; a—redness–greenness; b—yellowness–blueness.

From the significant interaction between cultivar and fertilization type on the content
of assimilatory pigments (Table 7), it arose that the highest value was recorded in ‘Serafim’
under the chemical fertilization, 176% higher than that in ‘Aromat de Buzau’ fertilized
with microorganisms, and the highest value of photosynthesis was recorded in ‘Aromat
de Buzau’ supplied with the microorganism formulation, 357% higher compared to the
chemically fertilized Serafim.

The outcome of the analysis of phenolic compounds from basil extracts based on
the investigation of five compounds (caffeic acid, hyperoside, isoquercitrin, rutin and
quercitrin) is presented in Table 8. Hyperoside was identified only in ‘Macedon’, with
values between 6.62 µg·mL−1 for the organic fertilization and 7.87 µg·mL−1 for the mi-
croorganism formulation. Caffeic acid had values between 2.22 µg·mL−1 in the chem-
ically fertilized ‘Macedon’ and 5.23 µg·mL−1 in the chemically fertilized ‘Aromat de
Buzau’. Isoquercitrin showed values between 6.52 µg·mL−1 (‘Serafim’ × chemical fer-
tilization) and 39.49 µg·mL−1 (‘Cuisoare’ × microorganism formulation). The values of
rutin ranged from 10.36 µg·mL−1 (‘Serafim’ × chemical fertilization) to 130.90 µg·mL−1

(‘Cuisoare’ × microorganism formulation). Quercitrin had values between 1.30 µg·mL−1

(‘Serafim’ × organic fertilization) and 5.79 µg·mL−1 (‘Aromat de Buzau’ × microorganism
formulation).
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Table 7. Interaction between cultivar and fertilization type on physiological and color parameters.

Treatment CCI Photosynthesis
(µmol m−2 s−1) L a b

AB × Ch 14.26 ± 0.09 e 2.68 ± 0.18 b 35.04 ± 0.44 ab −6.20 ± 0.08 d 11.84 ± 0.35 b
AB × O 13.45 ± 0.32 e 1.96 ± 0.17 cd 35.74 ± 0.49 a −6.19 ± 0.17 d 16.77 ± 4.02 a

AB × Mo 13.10 ± 0.44 e 3.43 ± 0.34 a 35.72 ± 0.25 a −6.24 ± 0.07 de 12.76 ± 0.08 b
M × Ch 26.16 ± 1.41 b 0.95 ± 0.12 fg 33.95 ± 0.30 b −5.74 ± 0.13 c 11.54 ± 0.32 b
M × O 21.14 ± 0.50 c 1.15 ± 0.36 efg 32.78 ± 0.33 c −5.39 ± 0.02 b 10.96 ± 0.59 b

M × Mo 21.58 ± 0.27 c 1.79 ± 0.14 cd 34.78 ± 0.12 ab −6.04 ± 0.10 cd 12.06 ± 0.14 b
C × Ch 18.39 ± 0.35 d 1.50 ± 0.01 def 33.97 ± 0.75 b −6.28 ± 0.14 de 12.43 ± 0.31 b
C × O 17.40 ± 0.49 d 2.28 ± 0.06 bc 34.16 ± 0.31 b −6.33 ± 0.12 de 12.69 ± 0.09 b

C × Mo 16.81 ± 0.62 d 1.64 ± 0.08 de 34.85 ± 0.53 ab −6.60 ± 0.16 e 13.15 ± 0.36 b
S × Ch 36.16 ± 0.89 a 0.75 ± 0.07 g 23.22 ± 0.20 d 1.63 ± 0.02 a 0.01 ± 0.14 c
S × O 35.84 ± 1.81 a 1.05 ± 0.07 fg 22.64 ± 0.19 d 1.78 ± 0.08 a −0.33 ± 0.09 c

S × Mo 34.84 ± 0.94 a 0.88 ± 0.03 g 22.63 ± 0.17 d 1.83 ± 0.17 a −0.14 ± 0.08 c
Within each column, values associated with the same lowercase letters are not statistically different at p < 0.05
according to Duncan’s test. CCI—Chlorophyll Content Index; L—lightness–darkness; a—redness–greenness;
b—yellowness–blueness; AB—‘Aromat de Buzau’; M—‘Macedon’; C—‘Cuisoare’; S—‘Serafim’; Ch—chemical;
O—organic; Mo—microorganisms.

Table 8. Interaction between cultivar and fertilization type on phenolic compounds (µg·mL−1).

Treatment Caffeic Acid Hyperoside Isoquercitrin Rutin Quercitrin

AB × Ch 5.23 ± 0.46 a tr 24.39 ± 2.03 c 41.53 ± 4.82 de 3.54 ± 0.48 bc
AB × O 4.97 ± 0.39 ab tr 28.86 ± 2.54 bc 44.95 ± 5.45 d 4.11 ± 0.23 b

AB × Mo 4.97 ± 0.67 ab tr 28.86 ± 2.26 bc 42.12 ± 2.39 de 5.79 ± 0.49 a
M × Ch 2.22 ± 0.13 d 7.04 ± 0.06 b 35.18 ± 4.77 ab 38.71 ± 2.28 def 2.05 ± 0.14 efg
M × O 3.40 ± 0.28 c 6.62 ± 0.11 c 34.10 ± 1.91 ab 32.78 ± 0.63 f 2.05 ± 0.10 efg

M × Mo 3.41 ± 0.23 c 7.87 ± 0.09 a 37.34 ± 3.15 a 36.93 ± 0.23 ef 3.35 ± 0.39 bc
C × Ch 3.53 ± 0.17 c tr 23.62 ± 1.61 c 95.27 ± 0.69 c 1.68 ± 0.20 fg
C × O 3.75 ± 0.43 bc tr 34.25 ± 1.68 ab 116.06 ± 0.23 b 2.80± 0.16 cde

C × Mo 5.19 ± 0.63 a tr 39.49 ± 4.58 a 130.90 ± 0.61 a 2.98 ± 0.17 cd
S × Ch 4.97 ± 0.28 ab tr 6.52 ± 0.79 d 10.36 ± 0.09 h 2.05 ± 0.04 efg
S × O 4.75 ± 0.28 ab tr 8.05 ± 0.46 d 14.51 ± 0.24 gh 1.30 ± 0.01 g

S × Mo 4.75 ± 0.09 ab tr 10.36 ± 0.61 d 20.30 ± 0.23 g 2.42 ± 0.02 def
Within each column, values associated with the same lowercase letters are not statistically different at p < 0.05
according to Duncan’s test; tr—traces; AB—‘Aromat de Buzau’; M—‘Macedon’; C—‘Cuisoare’; S—‘Serafim’;
Ch—chemical; O—organic; Mo—microorganisms.

As shown in Figure 1, the basil cultivar ‘Macedon’ under microorganism treatment
had the highest oil content (0.22%), though not significantly different from the chemical
and organic fertilization, while the organically fertilized ‘Serafim’ accumulated the lowest
oil amount (0.07%). Generally, the organic fertilization resulted in a lower oil content
compared to the other two fertilization types.

To highlight the correlations and interactions between the experimental factors and
the variables examined, a PCA was performed. The two principal components shown in
the biplot graph (Figure 2) overall contributed to 72.7% of the total variability (48.48% and
24.22% for PC1 and PC2, respectively).

The extracted eigenvectors’ values highlight that both the cultivars and fertilization
types are based on PC1, in different ways. The cultivars ‘Aromat de Buzau’ and ‘Macedon’
have positive values, while ‘Serafim’ has a negative value and ‘Cuisoare’ is near the origin
(Figure 2).

The results showed that the cultivar ‘Serafim’ was closely connected with the leaf
area index, and ‘Macedon’ was connected to the other morphological variables analyzed.
The leaves’ weight was influenced by chemical fertilization in the cultivars ‘Cuisoare’ and
‘Serafim’ and by microorganism fertilization in ‘Cuisoare’. The other yield parameters were
affected by both chemical and organic fertilizations in the cultivar ‘Macedon’.
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The leaves of ‘Serafim’ depend on the Chlorophyll Content Index (CCI), especially in
the red band, and ‘Aromat de Buzau’ is sensitive to the photosynthesis process (Figure 2).

The effects of the fertilization types on the evaluated variables were analyzed sepa-
rately, and the results showed that the chemical fertilization influenced the CCI, number of
leaves, plant height and all yield parameters, whereas fertilization with microorganisms
increased the number of stems.

The PCA identified that phenolic compounds were specifically connected with the
cultivar; hyperoside was found in ‘Macedon’, quercitrin in ‘Aromat de Buzau’ and rutin,
isoquercitrin and quercitrin in ‘Cuisoare’.

The statistical analysis indicated that the data obtained for all cultivars were clustered
on the 2D PC diagram, which proves that the analyzed variables did not depend on the
fertilization type, but only on the cultivar.

The cultivar ‘Serafim’ showed different characteristics compared to the other cultivars,
which suggests that it is a cultivar with exclusive properties. These differences could
be explained by the fact that ‘Serafim’ is a cultivar with purple leaves, thus having a
higher pigment content due to the presence of anthocyanins compared to the cultivars with
green leaves, where they were not detected. The correlation matrix between the analyzed
variables of basil supports the mentioned findings, and the complete description of these
variables is presented in the supplementary materials (Supplementary Table S1).

In the cultivar ‘Aromat de Buzau’, 30 compounds were identified in the essential oil
(Table 9). Methyl-chavicol was found in the largest amount with values between 42.99%
under the chemical fertilization up to 49.29% in the case of microorganism fertilization. The
next compound found in large amount was β-linalool, with values between 13.07% with
the chemical fertilization and 25.16% with the organic one. Other important compounds
detected were β-elemene, germacrene D and epi-α-cadinol.

Table 9. Influence of fertilization on essential oil composition of ‘Aromat de Buzau’ (%).

No Name Class RIcalc RIlit Chemical Organic Microorganisms

1 Eucalyptol (Cineole) Oxygenated monoterpenes 1031 1030 tr 0.25 0.21
2 cis-β-Ocimene Monoterpene hydrocarbons 1040 1037 tr 0.24 0.11
3 β-Linalool Oxygenated monoterpenes 1095 1096 13.07 25.16 22.84
4 Cis-thujone Oxygenated monoterpenes 1101 1102 0.19 0.12 0.11
5 Trans-thujone Oxygenated monoterpenes 1112 1114 tr 0.09 0.18
6 (Z)-β-Ocimene oxide Oxygenated monoterpenes 1128 1132 tr 0.35 0.15
7 Camphor Oxygenated monoterpenes 1141 1145 0.45 1.01 0.70
8 Methyl chavicol Phenylpropanoids 1195 1196 42.95 47.57 49.29
9 Bornyl acetate Oxygenated monoterpenes 1284 1285 1.36 0.70 0.58
10 Trans-linalool oxide acetate Oxygenated monoterpenes 1287 1288 0.73 0.20 0.34
11 Neryl acetate Oxygenated monoterpenes 1359 1361 0.27 0.14 tr
12 Geranyl acetate Oxygenated monoterpenes 1379 1381 tr 0.11 tr
13 β-Elemene Sesquiterpene hydrocarbons 1389 1390 7.31 3.47 2.89
14 Methyl eugenol Phenylpropanoids 1402 1403 2.19 0.44 0.64
15 β-Caryophyllene Sesquiterpene hydrocarbons 1417 1419 0.48 0.40 0.35
16 α-Guaiene Sesquiterpene hydrocarbons 1436 1439 1.62 0.72 0.71
17 cis-Muurola-3,5-diene Sesquiterpene hydrocarbons 1448 1450 0.36 tr tr
18 trans-Muurola-3,5-diene Sesquiterpene hydrocarbons 1451 1453 0.20 tr tr
19 Humulene (α-Caryophyllene) Sesquiterpene hydrocarbons 1454 1454 1.22 0.34 0.35
20 trans-Muurola-4(14),5-diene Sesquiterpene hydrocarbons 1465 1466 0.60 0.12 0.21
21 Germacrene D Sesquiterpene hydrocarbons 1481 1481 5.87 3.60 3.16
22 Bicyclogermacrene Sesquiterpene hydrocarbons 1500 1501 1.81 0.48 0.57
23 α-Bulnesene Oxygenated sesquiterpenes 1510 1509 3.26 1.38 1.10
24 γ-Cadinene Sesquiterpene hydrocarbons 1513 1513 2.21 1.35 1.47
25 cis-Muurol-5-en-4-β-ol Oxygenated sesquiterpenes 1551 1552 0.57 0.23 0.12
26 Elemicin Phenylpropanoids 1555 1557 2.14 0.71 0.79
27 cis-Muurol-5-en-4-α-ol Oxygenated sesquiterpenes 1559 1561 3.06 4.76 6.58
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Table 9. Cont.

No Name Class RIcalc RIlit Chemical Organic Microorganisms

28 1,10-di-epi-Cubenol Oxygenated sesquiterpenes 1618 1619 0.91 0.40 0.35
29 1-epi-Cubenol Oxygenated sesquiterpenes 1627 1628 1.76 1.38 0.81
30 epi-α-Cadinol Oxygenated sesquiterpenes 1638 1640 4.40 3.27 4.39

tr ≥ 0.03

Monoterpene hydrocarbons tr 0.24 0.11
Oxygenated monoterpenes 16.06 28.13 25.10

Phenylpropanoids 47.27 48.72 50.72
Sesquiterpene hydrocarbons 21.67 10.48 9.72
Oxygenated sesquiterpenes 13.96 11.43 13.35

RIcalc—calculated Kovats index; RIlit—Kovats Index by literature data [27]; tr—traces.

In the cultivar ‘Macedon’, 26 compounds were identified in the essential oil (Table 10).
Geranial was found in the largest amount with values ranging from 26.19% in the case of
chemical fertilization up to 32.20% under organic fertilization. The next compound found
in large amounts was neral, with values between 20.52% with the chemical fertilization
and 25.94% with the organic one. Other compounds detected in remarkable amounts were
nerol, β-caryophyllene and (E)-γ-bisabolene.

Table 10. Influence of fertilization on essential oil composition of ‘Macedon’ (%).

No Name Class RIcalc RIlit Chemical Organic Microorganisms

1 cis-β-Ocimene Monoterpene hydrocarbons 1041 1037 0.18 0.33 0.29
2 β-Linalool Oxygenated monoterpenes 1095 1096 1.16 0.80 1.90
3 cis-Thujone Oxygenated monoterpenes 1101 1102 tr 0.15 tr
4 trans-Thujone Oxygenated monoterpenes 1112 1114 0.17 0.17 0.40
5 Camphor Oxygenated monoterpenes 1141 1145 0.35 tr 0.29
6 (Z)-Isocitral Oxygenated monoterpenes 1163 1164 0.94 1.09 0.91
7 (E)- Isocitral Oxygenated monoterpenes 1179 1180 1.29 1.45 1.20
8 Methyl chavicol Phenylpropanoids 1195 1196 0.56 0.42 1.07
9 Nerol Oxygenated monoterpenes 1227 1229 12.19 11.27 8.86
10 Neral Oxygenated monoterpenes 1235 1238 20.52 25.94 24.34
11 Geraniol Oxygenated monoterpenes 1251 1252 3.18 2.86 2.31
12 Geranial Oxygenated monoterpenes 1265 1267 26.19 32.20 29.36
13 Neryl acetate Oxygenated monoterpenes 1359 1361 1.71 1.28 1.19
14 α-Copaene Sesquiterpene hydrocarbons 1375 1376 0.48 0.42 0.39
15 Geranyl acetate Oxygenated monoterpenes 1379 1381 tr 0.27 tr
16 β-Elemene Sesquiterpene hydrocarbons 1389 1390 0.00 0.32 tr
17 Methyl eugenol Phenylpropanoids 1403 1403 0.73 0.50 0.61
18 β-Caryophyllene Sesquiterpene hydrocarbons 1417 1419 10.03 6.16 8.73
19 α-trans-Bergamotene Sesquiterpene hydrocarbons 1433 1434 3.02 1.83 2.52

20 Humulene
(α-Caryophyllene) Sesquiterpene hydrocarbons 1453 1454 1.69 0.97 1.42

21 (E)-β-Farnesene Sesquiterpene hydrocarbons 1455 1456 1.46 0.98 1.33
22 Sesquisabinene Sesquiterpene hydrocarbons 1457 1459 0.23 0.20 tr
23 Germacrene D Sesquiterpene hydrocarbons 1481 1481 2.20 1.35 2.18
24 (Z)-γ-Bisabolene Sesquiterpene hydrocarbons 1514 1515 0.43 0.42 0.37
25 (E)-γ-Bisabolene Sesquiterpene hydrocarbons 1528 1530 9.28 6.65 8.34
26 epi-α-Cadinol Oxygenated sesquiterpenes 1638 1640 tr 0.21 tr

tr ≥ 0.03

Monoterpene hydrocarbons 0.18 0.33 0.29
Oxygenated monoterpenes 67.71 77.47 70.75

Phenylpropanoids 1.29 0.92 1.68
Sesquiterpene hydrocarbons 28.82 19.29 25.28
Oxygenated sesquiterpenes tr 0.21 tr

RIcalc—calculated Kovats index; RIlit—Kovats index by literature data [27]; tr—traces.
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In the cultivar ‘Cuisoare’, 36 compounds were identified in the essential oil (Table 11).
β-Linalool was found in the largest amount with values from 30.42% when applying
microorganisms up to 40.17% in the case of chemical fertilization. The next important
compound was epi-α-cadinol, with values between 9.92% with the chemical fertilization
and 13.52% under the microorganism formulation. Other important compounds were
eugenol, α-trans-bergamotene, γ-cadinene and germacrene D.

Table 11. Influence of fertilization on essential oil composition of ‘Cuisoare’ (%).

No Name Class RIcalc RIlit Chemical Organic Microorganisms

1 Sabinene Monoterpene hydrocarbons 969 974 0.09 0.06 tr
2 Sylvestrene Monoterpene hydrocarbons 1026 1030 0.12 0.11 0.14
3 Eucalyptol (1,8-Cineole) Oxygenated monoterpenes 1031 1030 2.62 2.32 1.28
4 cis-β-Ocimene Monoterpene hydrocarbons 1041 1037 0.47 0.69 0.42
5 Terpinolene Monoterpene hydrocarbons 1086 1088 0.20 0.09 0.14
6 β-Linalool Oxygenated monoterpenes 1095 1096 40.17 37.52 30.42
7 cis-Thujone Oxygenated monoterpenes 1101 1102 tr 0.16 0.18
8 trans-Thujone Oxygenated monoterpenes 1112 1114 tr 0.08 0.11
9 (Z)-β-Ocimene oxide Oxygenated monoterpenes 1128 1132 0.63 0.58 0.32
10 Camphor Oxygenated monoterpenes 1141 1145 0.54 0.43 0.46
11 α-Terpineol Oxygenated monoterpenes 1188 1188 0.97 1.07 tr
12 Methyl chavicol Phenylpropanoids 1195 1196 tr 1.05 1.14
13 cis-Carveol Oxygenated monoterpenes 1229 1229 0.14 0.33 0.29
14 Geranial Oxygenated monoterpenes 1266 1267 0.18 0.42 0.38
15 Bornyl acetate Oxygenated monoterpenes 1284 1285 3.63 1.59 2.23
16 trans-Linalool oxide acetate Oxygenated monoterpenes 1287 1288 0.12 0.19 0.24
17 Eugenol Phenylpropanoids 1356 1358 9.93 11.06 8.88
18 α-Copaene Sesquiterpene hydrocarbons 1375 1376 tr 0.21 0.16
19 β-Elemene Sesquiterpene hydrocarbons 1389 1390 4.38 5.37 6.10
20 Methyl eugenol Phenylpropanoids 1403 1403 0.30 0.50 0.65
21 β-Caryophyllene Sesquiterpene hydrocarbons 1417 1419 0.29 0.40 0.36
22 α-trans-Bergamotene Sesquiterpene hydrocarbons 1433 1434 5.03 5.33 8.12
23 α-Guaiene Sesquiterpene hydrocarbons 1436 1439 1.29 1.16 1.42
24 cis-Muurola-3,5-diene Sesquiterpene hydrocarbons 1448 1450 0.36 0.40 tr
25 trans-Muurola-3,5-diene Sesquiterpene hydrocarbons 1451 1452 tr tr 0.48
26 Humulene (α-Caryophyllene) Sesquiterpene hydrocarbons 1453 1454 1.02 0.96 1.25
27 trans-Muurola-4(14),5-diene Sesquiterpene hydrocarbons 1466 1466 0.59 0.64 0.79
28 Germacrene D Sesquiterpene hydrocarbons 1481 1481 5.94 6.26 6.85
29 Bicyclogermacrene Sesquiterpene hydrocarbons 1500 1501 0.70 0.82 1.01
30 α-Bulnesene Sesquiterpene hydrocarbons 1509 1509 1.99 2.09 2.68
31 γ-Cadinene Sesquiterpene hydrocarbons 1513 1513 3.50 3.48 4.48
32 β-Sesquiphellandrene Sesquiterpene hydrocarbons 1522 1522 0.25 0.25 0.41
33 trans-Nerolidol Sesquiterpene hydrocarbons 1561 1563 tr 0.20 0.18
34 5-epi-7-epi-α-Eudesmol Oxygenated sesquiterpenes 1605 1607 1.97 0.98 1.58
35 1,10-di-epi-Cubenol Oxygenated sesquiterpenes 1618 1628 1.34 1.44 1.75
36 epi-α-Cadinol Oxygenated sesquiterpenes 1638 1640 9.92 10.51 13.52

tr ≥ 0.03

Monoterpene hydrocarbons 0.89 0.95 0.70
Oxygenated monoterpenes 49.01 44.68 35.91

Phenylpropanoids 10.23 12.61 10.67
Sesquiterpene hydrocarbons 25.33 27.57 34.28
Oxygenated sesquiterpenes 13.23 12.92 16.85

RIcalc—calculated Kovats index; RIlit—Kovats index by literature data [27]; tr—traces.

In the cultivar ‘Serafim’, 30 compounds were identified in the essential oil (Table 12).
β-Linalool was found in the largest amount with values from 49.52% when applying the
microorganism treatment up to 60.80% in the case of organic fertilization. The next impor-
tant compound was eugenol, with values between 6.81% under the organic fertilization
and 10.37% with the microorganism application. Other main compounds were β-elemene,
germacrene D, camphor, α-trans-bergamotene, γ-cadinene and α-guaiene.
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Table 12. Influence of fertilization on essential oil composition of ‘Serafim’ (%).

No Name Class RIcalc RIlit Chemical Organic Microorganisms

1 α-Pinene Monoterpene hydrocarbons 932 939 0.19 0.21 0.07
2 Sabinene Monoterpene hydrocarbons 969 974 0.24 0.25 0.13
3 β-Myrcene Monoterpene hydrocarbons 988 990 0.31 0.33 tr
4 Limonene Monoterpene hydrocarbons 1024 1028 0.34 0.35 0.21
5 Eucalyptol (1,8-Cineole) Oxygenated monoterpenes 1031 1030 0.62 0.65 3.95
6 cis-β-Ocimene Monoterpene hydrocarbons 1041 1037 0.41 0.43 tr
7 Fenchone Oxygenated monoterpenes 1083 1085 0.34 0.35 0.18
8 Terpinolene Monoterpene hydrocarbons 1086 1088 0.24 0.25 tr
9 β-Linalool Monoterpene hydrocarbons 1095 1096 57.49 60.80 49.52
10 Camphor Oxygenated monoterpenes 1141 1145 1.77 1.87 1.19
11 α-Terpineol Oxygenated monoterpenes 1188 1188 1.43 1.51 1.22
12 endo-Fenchyl acetate Oxygenated monoterpenes 220 1221 0.33 0.35 0.37
13 cis-Carveol Oxygenated monoterpenes 1229 1229 0.26 0.27 0.20
14 Geranial Oxygenated monoterpenes 1266 1267 0.35 0.37 0.28
15 Bornyl acetate Oxygenated monoterpenes 1254 1285 0.43 0.45 0.59
16 Eugenol Phenylpropanoids 1356 1358 8.34 6.81 10.37
17 α-Copaene Sesquiterpene hydrocarbons 1375 1376 0.20 0.21 0.24
18 β-Elemene Sesquiterpene hydrocarbons 1389 1390 6.55 6.92 7.78
19 Methyl eugenol Phenylpropanoids 1403 1403 0.33 0.75 0.02
20 β-Caryophyllene Sesquiterpene hydrocarbons 1417 1419 1.55 1.33 1.41
21 α-trans-Bergamotene Sesquiterpene hydrocarbons 1433 1434 0.60 0.64 1.70
22 α-Guaiene Sesquiterpene hydrocarbons 1436 1439 1.55 1.64 1.90
23 Humulene (α-Caryophyllene) Sesquiterpene hydrocarbons 1454 1454 0.00 0.00 0.57
24 Germacrene D Sesquiterpene hydrocarbons 1481 1481 5.24 4.54 6.23
25 β-Selinene Sesquiterpene hydrocarbons 1489 1490 0.26 0.28 0.45
26 Bicyclogermacrene Sesquiterpene hydrocarbons 1500 1501 tr 0.08 0.68
27 α-Bulnesene Sesquiterpene hydrocarbons 1509 1509 2.79 1.95 3.44
28 γ-Cadinene Sesquiterpene hydrocarbons 1513 1513 1.37 1.45 1.82
29 1,10-di-epi-Cubenol Oxygenated sesquiterpenes 1618 1628 0.50 0.53 0.72
30 epi-α-Cadinol Oxygenated sesquiterpenes 1638 1640 3.81 3.02 2.99

tr ≥ 0.03

Monoterpene hydrocarbons 59.21 62.63 49.93
Oxygenated monoterpenes 5.53 5.84 7.99

Phenylpropanoids 8.67 7.57 10.40
Sesquiterpene hydrocarbons 20.13 19.04 26.21
Oxygenated sesquiterpenes 4.31 3.55 3.72

RIcalc—calculated Kovats index; RIlit—Kovats index by literature data [27]; tr—traces.

4. Discussion

Currently, the consumer interest towards healthy foods rich in bioactive compounds
has increased [38–40]. A strategy to increase these compounds is the application of farming
management able to ensure a balance between the quantity and quality of agricultural
products [41,42]. The aim of this study was to evaluate the effect of the interaction between
cultivar and fertilization type on the morphology, physiology and synthesis of bioactive
compounds in basil cultivated in the field. To this end, four basil cultivars (‘Aromat de
Buzau’, ‘Macedon’, ‘Cuisoare’ and ‘Serafim’) were evaluated in combination with three
types of fertilization, i.e., chemical fertilization (with a solid chemical fertilizer), organic
fertilization (with a chicken manure formulate) and microorganism fertilization (with a
microorganisms formulate). As expected, the morphological parameters (plant height, num-
ber of stems and leaves and leaf area) were significantly influenced by the cultivar, with
‘Macedon’ showing the highest plant height (64.67 cm) and number of stems (20.33) and
leaves (618.33) and ‘Serafim’ showing the largest leaf area (4901.67 cm2 per plant) and the
smallest height (39.00 cm). This is due to the great diversity among the existing phenotypi-
cally different basil cultivars. For example, Svecova and Neugebauerová [43] investigated
34 cultivars of basil and showed that plant height varied from 143 to 570 mm, while Juske-
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viciene et al. [44], analyzing ten cultivars of basil, showed that height ranged from 44.0
to 77.6 cm in the greenhouse and from 37.2 to 63.4 cm in the open field. In this study, the
fertilization type did not affect the biometric characteristics but significantly influenced the
fresh and dry biomass, which attained the highest values with the chemical fertilization.
Basil reacts positively to both organic and chemical fertilization. Matlok et al. [45] showed
that both plant height and biomass were higher in the Genovese and Violetto cultivars
grown on a substrate containing neutral peat (70%), extract of common nettle (10%), horse
manure (20%) and organic controlled-release fertilizer Bioilsa N 12.5 compared to plants
grown on peat (100%) and under mineral fertilization with ammonium nitrate as a result of
the higher nutrient content (N, P, K and Mg) available from horse manure. In a comparison
between two basil cultivars, Burducea et al. [46] found that the values of yield and morpho-
logical parameters were the highest with chemical fertilization (chemical > AMF > organic
> 40 t ha−1 biosolids > 20 t ha−1 biosolids > control). In the present study, the physiological
parameters, the total content of pigments and photosynthesis were significantly affected
by the cultivar, thus confirming the results of previous research [13]. The pigment content
was stimulated by chemical fertilization and photosynthesis was stimulated by microor-
ganism fertilization. Similarly, photosynthesis and other associated parameters (stomatal
conductance and water use efficiency) increased in Corylus avellana after inoculation with
AMF (Trichoderma harzianum and Glomus intraradices) [47].

In addition to its use as an aromatic spice within the food and beverage industries,
basil is also known as a medicinal plant due to its antimicrobial, antiseptic, antioxidant and
anti-inflammatory effects [48]. The chemical compounds which make basil a valuable plant
are phenolic compounds, mainly caffeic and rosmarinic acid, rutin and isoquercitrin, and
essential oil constituents such as linalool and methyl chavicol [49,50]. Many factors affect
the content and composition of phenolic compounds and essential oil profile, such as the
cultivar, climate, season, sampling period or plant part used for extraction [51–53]. The
fertilization type can also influence the phenolic or essential oil composition [54,55]. For
instance, in this study, it was observed that depending on the fertilizer used, the content
of each phenolic compound varied. In general, fertilization based on microorganisms
enhanced all the phenolic compounds analyzed. For example, the highest value of caffeic
acid was recorded in the cultivar ‘Cuisoare’, and hyperoside and isoquercitrin were accu-
mulated to a more remarkable extent by ‘Macedon’ and ‘Cuisoare’ and rutin by ‘Cuisoare’,
while quercetin was accumulated more by ‘Aromat de Buzau’. The differences between
the cultivars with regard to the phenolic compounds analyzed upon microorganism fer-
tilization suggest the important influence of the genotype on the phenolic profile. The
same observation was made by Cruz et al. [56] in a study regarding three basil cultivars
and the effect of nitrogen input on different parameters, including phenolic compounds.
Additionally, the influence of the cultivar on the synthesis of different phenolic compounds,
regardless of the fertilizer applied, was observed for hyperoside, which was detected only
in trace amounts in the cultivars ‘Aromat de Buzau’, ‘Cuisoare’ and ‘Serafim’.

As in the case of phenolic compounds, the fertilization type influenced the qualitative
and quantitative composition of the essential oil. For instance, some components were
produced only when specific fertilizer types were applied: cis/trans-muurola-3,5-diene in
‘Aromat de Buzau’ with chemical fertilization; cis-thujone and geranyl acetate in ‘Mace-
don’ with organic fertilization; trans-muurola-3,5-diene in ‘Cuisoare’ with microorganism
fertilization; β-myrcene, cis-β-ocimene and terpinolene in ‘Serafim’ with chemical and
organic fertilization (Tables 9–12). As for the essential oil composition, there can be varia-
tions depending on the fertilization type but also on the cultivar; β-linalool was produced
to the highest extent under organic fertilization in the cultivars ‘Aromat de Buzau’ and
‘Serafim’ and with microorganism fertilization in ‘Macedon’ or chemical fertilization in
‘Cuisoare’. Moreover, by analyzing the essential oil composition, it was observed that the
main components differed depending on the cultivar; β-linalool and methyl chavicol in
‘Aromat de Buzau’, neral and geranial in ‘Macedon’ and β-linalool in ‘Cuisoare’ and ‘Ser-
afim’. The highest values of most of the main components, regardless of the cultivar, were
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obtained under organic and microorganism fertilization, except β-linalool in ‘Cuisoare’
which showed the highest content with chemical fertilization. Knowledge of the qualita-
tive and quantitative composition, depending on the fertilization and cultivar, is a very
important aspect to obtain essential oil rich in specific important components for different
medical purposes. For example, methyl chavicol, which has antioxidant and anti-lipase
activities [57], was best produced by the cultivar ‘Aromat de Buzau’ under microorganism
fertilization; β-linalool, with antimicrobial (e.g., Candida albicans, Staphylococcus aureus
and Escherichia coli), antioxidant, anti-inflammatory and anticancer activities [58], had the
highest content in ‘Cuisoare’ under chemical fertilization; and neral was only synthesized
by ‘Macedon’, with the most remarkable production under organic fertilization.

The PCA and, more specifically, the eigenvector values related to this study revealed
that both cultivar and fertilization are based on PC1, which produced the greatest effect on
the parameters examined. PCA is a powerful statistical technique that can highlight, for
example, the influence of different fertilization types on plants, as was shown in the case
of basil fertilized with biosolids [19] or Chinese chives (Allium tuberm) under the action
of slow-release fertilizer [59]. The fertilization type—for example, chemical or organic
(manure-based)—directly influences the microorganism communities in the substrate and
the enzymatic activity in the soil with the role of plant growth stimulation or protection [60].
On the other hand, ‘Serafim’ showed completely different results compared to the other
cultivars, which suggests that it is a cultivar with exclusive properties. ‘Serafim’ is a purple-
leafed cultivar, which makes the pigment content higher than that in green cultivars due
to the additional presence of anthocyanin compounds. For example, Šamec et al. [61],
through the PCA of the physical, chemical and phytochemical parameters of four cultivars
of strawberry, were able to highlight specific cultivar properties by grouping in the left
side of the PCA plot the color parameters L* and C* and in the right side the polyphenolic
compounds, which indicated that the cultivars with a higher polyphenolic content are
darker and more colorful.

5. Conclusions

In this study, the four basil cultivars examined showed different biometrics and growth
parameters in terms of plant height, number of stems and leaves, leaf area and dry biomass,
whereas the fertilization type only affected the fresh and dry biomass, with the highest
amounts obtained with chemical fertilization. Either the cultivar or the fertilization type
significantly influenced the physiological parameters, such as the total content of assimi-
latory pigments and photosynthesis, the phenolic compounds investigated (caffeic acid,
hyperoside, isoquercitrin, rutin and quercitrin) and the essential oil composition. Fertil-
ization with microorganisms led to the production of beneficial phenolic compounds and
essential oil components in larger amounts compared to organic and chemical fertilization.
The latter enhanced the biomass yield, whereas organic fertilization in Serafim elicited a
large leaf surface, which is desirable for food or decoration purposes.

In the present research, the genotype proved to be a factor showing a major influence,
regardless of the fertilization type, which is essential to achieve specific targets such as a
larger amount of a certain component of the essential oil (microorganism fertilization), a
higher yield (chemical fertilization) or a larger leaf surface (organic fertilization).

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agronomy12123219/s1, Table S1: The correlation matrix between
the analyzed variables of basil.

Author Contributions: Conceptualization, G.-C.T., V.S. and N.M.; methodology, G.-C.T., I.D., I.B.
(Ilian Badjakov), A.C. and L.-D.P.; software, I.B. (Ilie Bodale) and M.B.; validation, I.D., V.D.Z.,
G.C. and V.S.; formal analysis, I.D., I.B. (Ilian Badjakov), G.-C.T., A.C., I.B. (Ilie Bodale) and L.-D.P.;
investigation, G.-C.T., A.C., L.-D.P., I.D. and I.B. (Ilian Badjakov); resources, V.S., N.M., V.D.Z. and I.D.;
data curation, G.-C.T., M.B., G.M. and I.B. (Ilie Bodale); writing—original draft preparation, G.-C.T.,
M.B., L.-D.P. and G.M.; writing—review and editing, M.B., G.M., G.C. and V.D.Z.; visualization,

https://www.mdpi.com/article/10.3390/agronomy12123219/s1
https://www.mdpi.com/article/10.3390/agronomy12123219/s1


Agronomy 2022, 12, 3219 16 of 18

G.-C.T., T.S. and N.-V.V.; bibliography, A.C., N.-V.V. and T.S.; supervision, V.S. and G.C.; project
administration, G.-C.T. and V.S. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors wish to thank “Ion Ionescu de la Brad” Iasi University of Life Sciences for the
financial support of the experiments.

Data Availability Statement: Not applicable.

Acknowledgments: The authors wish to thank “Ion Ionescu de la Brad” Iasi University of Life
Sciences for the financial support of the experiments.

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

References
1. Dou, H.J.; Niu, G.H.; Gu, M.M. Pre-Harvest UV-B Radiation and Photosynthetic Photon Flux Density Interactively Affect Plant

Photosynthesis, Growth, and Secondary Metabolites Accumulation in Basil (Ocimum basilicum) Plants. Agronomy 2019, 9, 434.
[CrossRef]

2. Yilmaz, A.; Karik, U. AMF and PGPR enhance yield and secondary metabolite profile of basil (Ocimum basilicum L.). Ind. Crops
Prod. 2022, 176, 114327. [CrossRef]

3. Walters, K.J.; Currey, C.J. Hydroponic Greenhouse Basil Production: Comparing Systems and Cultivars. HortTechnology 2015, 25,
645–650. [CrossRef]

4. Attia, H.; Rebah, F.; Ouhibi, C.; Saleh, M.A.; Althobaiti, A.T.; Alamer, K.H.; Ben Nasri, M.; Lachaal, M. Effect of Potassium
Deficiency on Physiological Responses and Anatomical Structure of Basil, Ocimum basilicum L. Biology 2022, 11, 1557. [CrossRef]
[PubMed]

5. Formisano, L.; Ciriello, M.; El-Nakhel, C.; Kyriacou, M.C.; Rouphael, Y. Successive Harvests Modulate the Productive and
Physiological Behavior of Three Genovese Pesto Basil Cultivars. Agronomy 2021, 11, 560. [CrossRef]

6. Barickman, T.C.; Olorunwa, O.J.; Sehgal, A.; Walne, C.H.; Reddy, K.R.; Gao, W. Yield, Physiological Performance, and Phyto-
chemistry of Basil (Ocimum basilicum L.) under Temperature Stress and Elevated CO2 Concentrations. Plants 2021, 10, 1072.
[CrossRef]

7. Lazarevic, B.; Carovic-Stanko, K.; Satovic, Z. Physiological Responses of Basil (Ocimum Basilicum L.) Cultivars to Rhizophagus
Irregularis Inoculation under Low Phosphorus Availability. Plants 2020, 9, 14. [CrossRef]

8. Simon, J.E.; Morales, M.R.; Phippen, W.B.; Vieira, R.F.; Hao, Z. Basil: A source of aroma compounds and a popular culinary and
ornamental herb. In Perspectives on New Crops and New Uses; Janick, J., Ed.; ASHS Press: Alexandria, VA, USA, 1999; pp. 499–505.

9. Carovic-Stanko, K.; Liber, Z.; Politeo, O.; Strikic, F.; Kolak, I.; Milos, M.; Satovic, Z. Molecular and chemical characterization of the
most widespread Ocimum species. Plant Syst. Evol. 2011, 294, 253–262. [CrossRef]

10. Varga, F.; Carovic-Stanko, K.; Ristic, M.; Grdisa, M.; Liber, Z.; Satovic, Z. Morphological and biochemical intraspecific characteri-
zation of Ocimum basilicum L. Ind. Crops Prod. 2017, 109, 611–618. [CrossRef]

11. Marotti, M.; Piccaglia, R.; Giovanelli, E. Differences in essential oil composition of basil (Ocimum basilicum L.) Italian cultivars
related to morphological characteristics. J. Agric. Food Chem. 1996, 44, 3926–3929. [CrossRef]

12. Onofrei, V.; Burducea, M.; Lobiuc, A.; Teliban, G.-C.; Ranghiuc, G.; Robu, T. Influence of organic foliar fertilization on antioxidant
activity and content of polyphenols in Ocimum basilicum L. Acta Pol. Pharm. 2017, 74, 611–615. [PubMed]

13. Zheljazkov, V.D.; Cantrell, C.L.; Evans, W.B.; Ebelhar, M.W. Yield and composition of Ocimum basilicum L. and Ocimum sanctum L.
grown at four locations. Hortscience 2008, 43, 737–741. [CrossRef]

14. Bączek, K.; Kosakowska, O.; Gniewosz, M.; Gientka, I.; Węglarz, Z. Sweet Basil (Ocimum basilicum L.) Productivity and Raw
Material Quality from Organic Cultivation. Agronomy 2019, 9, 279. [CrossRef]

15. Scagel, C.F.; Lee, J. Phenolic Composition of Basil Plants Is Differentially Altered by Plant Nutrient Status and Inoculation with
Mycorrhizal Fungi. HortScience 2012, 47, 660–671. [CrossRef]

16. Lee, J.; Scagel, C.F. Chicoric acid found in basil (Ocimum basilicum L.) leaves. Food Chem. 2009, 115, 650–656. [CrossRef]
17. Available online: https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220222-1#:~{}:text=The%20area%20

used%20for%20organic,utilised%20agricultural%20area%20(UAA) (accessed on 7 November 2022).
18. Teliban, G.-C.; Burducea, M.; Zheljazkov, V.D.; Dincheva, I.; Badjakov, I.; Munteanu, N.; Mihalache, G.; Cojocaru, A.; Popa, L.-D.;

Stoleru, V. The Effect of Myco-Biocontrol Based Formulates on Yield, Physiology and Secondary Products of Organically Grown
Basil. Agriculture 2021, 11, 180. [CrossRef]

19. Inculet, C.-S.; Mihalache, G.; Sellitto, V.M.; Hlihor, R.-M.; Stoleru, V. The Effects of a Microorganisms-Based Commercial Product
on the Morphological, Biochemical and Yield of Tomato Plants under Two Different Water Regimes. Microorganisms 2019, 7, 706.
[CrossRef]

20. Mihalache, G.; Zamfirache, M.M.; Mihasan, M.; Ivanov, I.; Stefan, M.; Raus, L. Phosphate-Solubilizing Bacteria Associated with
Runner Bean Rhizosphere. Arch. Biol. Sci. 2015, 67, 793–800. [CrossRef]

21. Caruso, G.; Stoleru, V.V.; Munteanu, N.; Sellitto, V.M.; Teliban, G.C.; Burducea, M.; Tenu, I.; Morano, G.; Butnariu, M. Quality
Performances of Sweet Pepper under Farming Management. Not. Bot. Horti Agrobot. Cluj-Napoca 2018, 47, 458–464. [CrossRef]

http://doi.org/10.3390/agronomy9080434
http://doi.org/10.1016/j.indcrop.2021.114327
http://doi.org/10.21273/HORTTECH.25.5.645
http://doi.org/10.3390/biology11111557
http://www.ncbi.nlm.nih.gov/pubmed/36358259
http://doi.org/10.3390/agronomy11030560
http://doi.org/10.3390/plants10061072
http://doi.org/10.3390/plants9010014
http://doi.org/10.1007/s00606-011-0471-x
http://doi.org/10.1016/j.indcrop.2017.09.018
http://doi.org/10.1021/jf9601067
http://www.ncbi.nlm.nih.gov/pubmed/29624266
http://doi.org/10.21273/HORTSCI.43.3.737
http://doi.org/10.3390/agronomy9060279
http://doi.org/10.21273/HORTSCI.47.5.660
http://doi.org/10.1016/j.foodchem.2008.12.075
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220222-1#:~{}:text=The%20area%20used%20for%20organic,utilised%20agricultural%20area%20(UAA)
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220222-1#:~{}:text=The%20area%20used%20for%20organic,utilised%20agricultural%20area%20(UAA)
http://doi.org/10.3390/agriculture11020180
http://doi.org/10.3390/microorganisms7120706
http://doi.org/10.2298/ABS141003038M
http://doi.org/10.15835/nbha47111351


Agronomy 2022, 12, 3219 17 of 18

22. Teliban, G.-C.; Stoleru, V.; Burducea, M.; Lobiuc, A.; Munteanu, N.; Popa, L.-D.; Caruso, G. Biochemical, Physiological and Yield
Characteristics of Red Basil as Affected by Cultivar and Fertilization. Agriculture 2020, 10, 48. [CrossRef]

23. Cojocaru, A.; Vlase, L.; Munteanu, N.; Stan, T.; Teliban, G.-C.; Burducea, M.; Stoleru, V. Dynamic of Phenolic Compounds,
Antioxidant Activity, and Yield of Rhubarb under Chemical, Organic and Biological Fertilization. Plants 2020, 9, 355. [CrossRef]
[PubMed]

24. Le Bot, J.; Bernard, C.; Robin, C.; Bourgaud, F.; Adamowicz, S. The ‘trade-off’ between synthesis of primary and secondary
compounds in young tomato leaves is altered by nitrate nutrition: Experimental evidence and model consistency. J. Exp. Bot.
2009, 60, 4301–4314. [CrossRef] [PubMed]

25. Bufalo, J.; Cantrell, C.L.; Astatkie, T.; Zheljazkov, V.D.; Gawde, A.; Boaro, C.S.F. Organic versus conventional fertilization effects
on sweet basil (Ocimum basilicum L.) growth in a greenhouse system. Ind. Crops Prod. 2015, 74, 249–254. [CrossRef]

26. Stoleru, V.; Munteanu, N.; Hura, C. Organophosphorus pesticide residues in soil and vegetable, through different growing
systems. EEMJ 2015, 14, 1465–1473. [CrossRef]

27. Meier, U. Growth Stages of Mono- and Dicotyledonous Plants: BBCH Monograph; Open Agrar Repositorium: Quedlinburg, Germany,
2018; ISBN 978-3-95547-071-5.

28. Burducea, M.; Lobiuc, A.; Asandulesa, M.; Zaltariov, M.-F.; Burducea, I.; Popescu, S.M.; Zheljazkov, V.D. Effects of sewage sludge
amendments on the growth and physiology of sweet basil. Agronomy 2019, 9, 548. [CrossRef]

29. Ekren, S.; Sonmez, C.; Ozcakal, E.; Kurttas, Y.S.K.; Bayram, E.; Gurgulu, H. The effect of different irrigation water levels on yield
and quality characteristics of purple basil (Ocimum basilicum L.). Agric. Water Manag. 2012, 109, 155–161. [CrossRef]

30. Carvalho, S.D.; Schwieterman, M.L.; Abrahan, C.E.; Colquhoun, T.A.; Folta, K.M. Light Quality Dependent Changes in Mor-
phology, Antioxidant Capacity, and Volatile Production in Sweet Basil (Ocimum basilicum). Front. Plant Sci. 2016, 7, 1328.
[CrossRef]

31. Bowes, K.M.; Zheljazkov, V.D. Factors affecting yields and essential oil quality of Ocimum sanctum L. and Ocimum basilicum L.
cultivars. J. Am. Soc. Hortic. 2004, 129, 789–794. [CrossRef]

32. Dou, H.J.; Niu, G.H.; Gu, M.M.; Masabni, J.G. Responses of Sweet Basil to Different Daily Light Integrals in Photosynthesis,
Morphology, Yield, and Nutritional Quality. Hort. Sci. 2018, 53, 496–503. [CrossRef]

33. Burducea, M.; Lobiuc, A.; Dirvariu, L.; Oprea, E.; Olaru, S.M.; Teliban, G.-C.; Stoleru, V.; Poghirc, V.A.; Cara, I.G.; Filip, M.; et al.
Assessment of the Fertilization Capacity of the Aquaculture Sediment for Wheat Grass as Sustainable Alternative Use. Plants
2022, 11, 634. [CrossRef]

34. Mocan, A.; Vodnar, D.C.; Vlase, L.; Cris, an, O.; Gheldiu, A.-M.; Cris, an, G. Phytochemical Characterization of Veronica officinalis
L., V. teucrium L. and V. orchidea Crantz from Romania and Their Antioxidant and Antimicrobial Properties. Int. J. Mol. Sci.
2015, 16, 21109–21127. [CrossRef] [PubMed]

35. Burducea, M.; Zheljazkov, V.D.; Dincheva, I.; Lobiuc, A.; Teliban, G.-C.; Stoleru, V.; Zamfirache, M.-M. Fertilization modifies the
essential oil and physiology of basil varieties. Ind. Crops Prod. 2018, 121, 282–293. [CrossRef]

36. Adams, R.P. Identification of Essential Oil Components by Gas Chromatography/ Mass Spectrometry, 4th ed.; Allured Publ.: Carol
Stream, IL, USA, 2007.

37. Butnariu, M.; Sarac, I.; Samfira, I. Spectrophotometric and chromatographic strategies for exploring of the nanostructure
pharmaceutical formulations which contains testosterone undecanoate. Sci. Rep. 2020, 10, 3569. [CrossRef]

38. Dou, H.J.; Niu, G.H.; Gu, M.M. Photosynthesis, Morphology, Yield, and Phytochemical Accumulation in Basil Plants Influenced
by Substituting Green Light for Partial Red and/or Blue Light. Hort. Sci. 2019, 54, 1766–1776. [CrossRef]

39. Adamczyk-Szabela, D.; Wolf, W.M. The Impact of Soil pH on Heavy Metals Uptake and Photosynthesis Efficiency in Melissa
officinalis, Taraxacum officinalis, Ocimum basilicum. Molecules 2022, 27, 4671. [CrossRef] [PubMed]

40. Nitz, G.M.; Schnitzler, W.H. Effect of PAR and UV-B radiation on the quality and quantity of the essential oil in sweet basil
(Ocimum basilicum L.). In Proceedings of the VII International Symposium on Protected Cultivation in Mild Winter Climates:
Production, Pest Management and Global Competition, Vols 1 and 2, Kissimmee, FL, USA, 23–27 March 2004; Volume 659, pp.
375–381. [CrossRef]

41. Ghasemzadeh, A.; Ashkani, S.; Baghdadi, A.; Pazoki, A.; Jaafar, H.Z.E.; Rahmat, A. Improvement in Flavonoids and Phenolic
Acids Production and Pharmaceutical Quality of Sweet Basil (Ocimum basilicum L.) by Ultraviolet-B Irradiation. Molecules 2016,
21, 1203. [CrossRef] [PubMed]

42. Padalia, R.C.; Verma, R.S.; Upadhyay, R.K.; Chauhan, A.; Singh, V.R. Productivity and essential oil quality assessment of
promising accessions of Ocimum basilicum L. from north India. Ind. Crops Prod. 2017, 97, 79–86. [CrossRef]

43. Svecova, E.; Neugebauerová, J. A study of 34 cultivars of basil (Ocimum L.) and their morphological, economic and biochemical
characteristics, using standardized descriptors. Acta Univ. Sapientiae Alimentaria 2010, 3, 118–135.

44. Juskeviciene, D.; Radzevicius, A.; Viskelis, P.; Marockiene, N.; Karkleliene, R. Estimation of Morphological Features and Essential
Oil Content of Basils (Ocimum basilicum L.) Grown under Different Conditions. Plants 2022, 11, 1896. [CrossRef]

45. Matlok, N.; Gorzelany, J.; Stepien, A.E.; Figiel, A.; Balawejder, M. Effect of Fertilization in Selected Phytometric Features and
Contents of Bioactive Compounds in Dry Matter of Two Varieties of Basil (Ocimum basilicum L.). Sustainability 2019, 11, 6590.
[CrossRef]

http://doi.org/10.3390/agriculture10020048
http://doi.org/10.3390/plants9030355
http://www.ncbi.nlm.nih.gov/pubmed/32168814
http://doi.org/10.1093/jxb/erp271
http://www.ncbi.nlm.nih.gov/pubmed/19741002
http://doi.org/10.1016/j.indcrop.2015.04.032
http://doi.org/10.30638/eemj.2015.158
http://doi.org/10.3390/agronomy9090548
http://doi.org/10.1016/j.agwat.2012.03.004
http://doi.org/10.3389/fpls.2016.01328
http://doi.org/10.21273/JASHS.129.6.0789
http://doi.org/10.21273/HORTSCI12785-17
http://doi.org/10.3390/plants11050634
http://doi.org/10.3390/ijms160921109
http://www.ncbi.nlm.nih.gov/pubmed/26404257
http://doi.org/10.1016/j.indcrop.2018.05.021
http://doi.org/10.1038/s41598-020-60657-4
http://doi.org/10.21273/HORTSCI14282-19
http://doi.org/10.3390/molecules27154671
http://www.ncbi.nlm.nih.gov/pubmed/35897849
http://doi.org/10.17660/ActaHortic.2004.659.50
http://doi.org/10.3390/molecules21091203
http://www.ncbi.nlm.nih.gov/pubmed/27618000
http://doi.org/10.1016/j.indcrop.2016.12.008
http://doi.org/10.3390/plants11141896
http://doi.org/10.3390/su11236590


Agronomy 2022, 12, 3219 18 of 18

46. Burducea, M.; Zheljazkov, V.D.; Lobiuc, A.; Pintilie, C.A.; Virgolici, M.; Silion, M.; Asandulesa, M.; Burducea, I.; Zamfirache, M.M.
Biosolids application improves mineral composition and phenolic profile of basil cultivated on eroded soil. Sci. Hortic. 2019, 249,
407–418. [CrossRef]

47. Rostamikia, Y.; Tabari-Kouchaksaraei, M.; Asgharzadeh, A.; Rahmani, A. Biomass allocation, leaf gas exchange and nutrient
uptake of hazelnut seedlings in response to Trichoderma harzianum and Glomus intraradices inoculation. J. Forest Sci. 2017, 63,
219–226. [CrossRef]

48. Zhang, Y.Y.; Cai, P.; Cheng, G.H.; Zhang, Y.Q. A Brief Review of Phenolic Compounds Identified from Plants: Their Extraction,
Analysis, and Biological Activity. Nat. Prod. Commun. 2022, 17, 1934578X211069721. [CrossRef]

49. Comite, E.; El-Nakhel, C.; Rouphael, Y.; Ventorino, V.; Pepe, O.; Borzacchiello, A.; Vinale, F.; Rigano, D.; Staropoli, A.; Lorito, M.;
et al. Bioformulations with Beneficial Microbial Consortia, a Bioactive Compound and Plant Biopolymers Modulate Sweet Basil
Productivity, Photosynthetic Activity and Metabolites. Pathogens 2021, 10, 870. [CrossRef] [PubMed]
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