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Purple basil is among the most important basil varieties and its essential oil is used for several purposes
including medicinal and aromatic uses. Soil types may impact the plant growth, development, and essen-
tial oil composition. Hence, it is important to find the most suitable soil type which may produce basil
plants having essential oil with the best composition and concentration. For this reason, plant samples
of purple basil that were grown in areas with clay, loamy sand, and sandy-clay loam soil types were col-
lected and evaluated to determine the changes in the yield and essential oil components. Essential oil
contents were determined with the Clevenger Device, and essential oil compositions were determined
by using GC and GC/MS analysis. The highest essential oil yield according to soil types was obtained from
the plant samples that were grown in the loamy sand soil. It was also found that the main compounds
present in Arapgir town purple basil were methylcinnamate and linalool that was also present in all
Turkish purple basil under all types of soil. According to the soil types, the highest concentration
(46.03%) of methylcinnamate was observed in loamy sand soils, and the lowest (42.33%) was obtained
from sandy-clay loam soils and found to be significantly different. Data regarding correlations between
soil types and essential oil ratios showed that organic matter and P2O5 had a significant negative corre-
lation with methylcinnamate. The present study will help researchers and farmers to choose the most
suitable soil type to achieve maximum essential oil production from purple basil.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. 1.Introduction

Natural products obtained from medicinal and aromatic plants
have been widely consumed for centuries due to their therapeutic
properties (Genc et al., 2019). The importance of natural products
obtained from medicinal and aromatic plants is due to the pres-
ence of active compounds including those of essential oils.
(Erenler et al., 2016; Guzel et al., 2017). Basil (Ocimum basilicum
L.) is a member of the Lamiaceae family; this family includes
7886 plant species out of which more than 150 species are aro-
matic and medicinal plants. Although the origin of this plant spe-
cies was Mediterranean, Africa, America, and Asia, it is now
widely grown in several countries worldwide (Sgherri et al.,
2010). The plant is sold in fresh, dried, and frozen forms because
of its importance in the medicinal and aromatic industries
(Saadatianet al., 2014). Basil is annual plant with several pharma-
cological properties such as antioxidant, chemo preventive, anti-
inflammatory, antimicrobial, and immunomodulatory activities
(Ch et al., 2015).It has also been reported that basil has effects on
dermal pathology and wound healing including acne, eczema,
boils, psoriasis, and rashes (Antonescu (Mintas) et al., 2021). In
addition, apigenin, linalool, and ursolic acid present in essential
oils of basil show antiviral (Chiang et al., 2005), its basil oils with
high methyl chavicol and linalool content show antifungal
(Oxenham et al., 2005), the eugenol compound shows antimicro-
bial (Bassolé et al., 2010), and the linalool compound shows
antibacterial effects (Hussain et al., 2008). The main components
in its essential oil are Linalool, 1,8-cineol, eugenol, methyl cinna-
mate, camphor, methyl eugenol, methyl chavicol, b-elemene, boci-
mene, camphene, carvacrol, a-bergamotene, a-cadinol and
geranial (Poonkodi, 2016; Simon et al., 1990; Simon et al.,1999),
and different chemotypes of basil emerge according to the density
of these components (Telci et al., 2006).

Basil essential oils are classified into four chemotypes based on
their geographical locations and chemical compositions. The Euro-
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Table 1
Climatic data during the purple basil growing season (2021).
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pean type characterized by linalool and methyl chavicol as main oil
components and grown in Europe, USA, and Africa, while the Reu-
nion type with a high concentration of methyl chavicol is found in
Comoros, Seychelles Islands, Africa, and Reunion Island. Another
basil chemotype is named as tropical type; this is rich in methyl-
cinnamate and found in India, Pakistan, Guatemala, Haiti, and
Africa, and basil with eugenolas main component is found widely
in North Africa, Russia, Eastern Europe, and some parts of Asia
(Marotti et al., 1996; Grayer et al., 1996; Simon et al., 1999;
Chalchat et al., 1999). Other basil essential oils were also reported
to contain varying amounts of linalool, camphor, methyl chavicol,
methylcinnamate and eugenol. Seven different chemotypes were
characterized in Turkish basil and Arapgir purple basil, which has
a geographical indication of the Arapgir/Malatya region, is grown
widely by local producers as a spice, herbal tea, and beverage.
Arapgir purple basil essential oil has a high content of 1,8-
cineole, linalool and methylcinnamate.

The medicinal and commercial uses of these important com-
pounds from Arapgir purple basil have been determined in several
studies. Pharmacological studies on 1,8cineole have revealed that
this compound has great potential in the treatment of various dis-
eases (Campos and Berteina-Raboin, 2022).This compound is used
as a flavoring additive in several food products (Jalilzadeh-Amin
and Maham, 2015) as well as effective in the treatments of infec-
tious respiratory diseases (Santos and Rao, 2001).It also possesses
antifungal (Pattnaick et al., 1997), anthelmintic (Shah et al.,
2011), antioxidant, cytotoxic, antitumor (Asanova et al., 2003),
and analgesic (Asanova et al., 2003) properties. Linalool, on the
other hand, is widely used in the food and pharmaceutical indus-
tries, and is used as a fragrance ingredient in many fragrance and
non-cosmetic products (Kamatou and Viljoen, 2008; Sousa et al.,
2010). Methylcinnamate is widely used in cosmetics, fragrances,
shampoos, toilet soaps and other toiletries, as well as non-
cosmetic products such as household cleaners and detergents. In
addition, these two components (linalool and methylcinnamate)
also have numerous biological activities such as antibacterial, anti-
fungal and mosquito repellent properties (Padalia et al., 2017).

Essential oil compositions in aromatic plants vary based on var-
ious factors e.g., the genetic structure of the plant, soil type, cli-
matic conditions, growth period, harvest time, and post-harvest
practices. The physical and chemical features of the soil act as
one of the most determining factors in various secondary products
and play roles in the essential oil composition of different aromatic
plant species (Rioba et al., 2015). Also, plants containing essential
oil may differ in oil yield and quality according soil type and this
provides an opportunity to find out soil types suitable for getting
the highest essential oil yield and the best of its quality (Khalid
et al., 2020).

Many medicinal plants are grown in different environmental
conditions and soil types not only to increase crop yields, but also
to improve essential oil content and yield. Purple basil is grown in
areas with different soil features in the Arapgir region. No study
has been conducted regarding the relationship between essential
oil content of this medicinal plant and soil types. Therefore, the
aim of this study was to evaluate the percentage and constituents
of essential oil from purple basil when grown in either of the clay,
loamy sand, and sandy-clay loam soils.
Months Average temperature (0C) Total precipitation (mm)

April 13.2 13.8
May 19.6 3.8
June 22.4 4.2
July 26.8 1.0
August 26.4 18.8
September 21.0 7.2
October 14.7 24.0
Average 20.6 –
Total – 72.8
2. Material and method

2.1. Plant and soil materials

Arapgir purple basil, a landrace of basil cultivated by local farm-
ers in Arapgir/ Malatya region of Turkey (39.01.51 �N, 38.29.15 �E)
was used as the herbal material in the present study. It is classified
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in the ‘‘purple basil” morphological group among the Turkish basil
(Telci, 2017). Plant specimens were classified in Malatya Turgut
Özal University, Department of Medicinal and Aromatic Plants,
and the voucher specimen was kept in the same department.
2.2. Cultivation of purple basil

For growing nursery, seeds of purple basil were sown in a mix-
ture of sand, fertilizer and mulch (1:1:1) at the end of March. Pur-
ple basil seedlings having a 10–15 cm height were transplanted to
the fields in mid May with 50 cm row to row and 30 cm plant to
plant spacing. A fertilizer dose of 50 kg ha-1N and 50 kg ha�1

P2O5 was applied. Weed management was done with traditional
agricultural practices. At flowering, the plants were cut 15 cm
above the soil surface and dried in the shade. Three cuttings were
obtained from all the soil types.

Weather data during the growing seasons were obtained from
Turkish General Directorate of Meteorology (Table 1). Annual aver-
age temperature during the growing season for 2021 was 20.6 �C
while annual precipitation was 72.8 mm (Table 1). The growing
area has a cool climate and precipitation was not sufficient for crop
growth so fields were irrigated with drip irrigation according to
crop needs.

The plant and soil samples were taken from locations with three
different soil textures (clay, loamy sandy and sandy-clay loam).
Ten randomly selected plant samples from each planting area at
each cutting time (30 plants in total, approximately 2 kg) were har-
vested before flowering. Then, the samples were dried at room
temperature until they had a constant dry weight and were kept
in paper bags until the essential oil was extracted.
2.3. Soil sampling and analyses

Some physical and chemical features of soil samples taken from
0 to 30 cm depth, where the roots of the sampled plants were
dense, are given in Table 2. After collecting the soil samples, it
was stored in a plastic bag and identified. Soil samples were air-
dried and passed through 2-mm sieve and made ready for analy-
ses. Clay, silt and sand fractions were identified with hydrometer
method according to Demiralay (1993). Soil pH values were deter-
mined from 1:1 (w:v) soil-water suspension with a pH meter; soil
electrical conductivity (EC) as a measure of the amount of salt in
the soil (soil salinity) was determined from the same soil-water
suspension with an EC meter (Kacar, 1994). Modified Walkley-
Black method was used to determine the organic matter (OM) con-
tent of the soil samples. Total calcium carbonate (CaCO3) contents
were determined with a Scheibler calcimeter by using volumetric
method (Kacar, 1994). Available P (P2O5) content was determined
through extraction with 0.5 M NaHCO3 at pH 8.5 (Olsen et al.,
1954), while the extractable K (K2O) content was determined by
flame photometer after extraction with 1 N Ammonium Acetate
(pH = 7.0) solution (Soil Survey Staff, 1992).



Table 2
Physical and chemical properties of the collected soils.

Compounds Soil types

Clay Loamy
sand

Sandy-clay
loam

Sand (%) 34 80 60
Silt (%) 20 14 14
Clay (%) 46 6 26
pH 8.4 8.36 8.22
Soil salinity (EC (dS m�1)) 0.13 0.80 0.19
Organic matter (OM) (%) 1.44 0.96 1.99
Total calcium carbonate (CaCO3)

(%)
3.92 8.63 15.69

P2O5 (kg ha�1) 15.4 2.23 37.21
K2O (kg ha�1) 71.09 15.13 55.96
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2.4. Essential oil distillation

The essential oils were extracted by using a 5 L Clevenger dis-
tiller device. Essential oil was obtained from air-dried purple basil
leaves with Clevenger in a 3-hour distillation period, and the oil
yield (%) was calculated. A total of 100 g of plant material was used
during each distillation cycle. The essential oil distilled with water
was passed through tap water on the receiving arm of the appara-
tus and was collected separately into a clean sample bottle. In this
way, the oil phase was separated and dried over anhydrous sodium
sulphate and kept in the dark at 4 �C in amber bottles until used in
analysis and experiments. The extraction was performed in
triplicate.
2.5. Essential oil (EO) GC/MS analysis

The characterization of the compounds in essential oil (EO) was
obtained with Gas Chromatography and Mass Spectrometry. The
conditions during the analysis are explained in Table 3
(Yilmaztekin and Sislioglu, 2015). The n-Alkane mixture was used
to determine and calculate the Linear Retention Index (Kovats
Indexes) of each compound in essential oil under the same temper-
ature used for the analyses (Adams, 2009). The mass spectra of the
essential oil components were compared with those of the refer-
ences mentioned in the NIST and Wiley Database. The temporal
identifications of the compounds in this experiment and their tem-
poral indicators were compared with those of NIST. Quantitative
analysis of the essential oil components (% area) were also per-
formed by measuring peak rate normalization as the average of
three repeated analytical assays (NIST, 2013)..
Table 3
GC/MS conditions (Yilmaztekin and Sislioglu, 2015).

System Shimadzu QP 2010 Plus (Shimadzu, Kyoto, Japan) GC

Colon TRB-Wax (Teknokroma, Barcelona, Spain) fused silica
capillary column (60 m � 0.25 mm i.d. and film
thickness, 0.25 lm)

Temperature
programme

40 �C/5 min, 3 �C/1 min, 240 �C/15 min (total running:
86 min)

Injector AOC-20i/20 s auto sampler
Injection volume 1 lL (1 part of essential oil/100 part of n-hexane, v/v)
Carrier gas Helium (flow rate, 1 mL/min)
Detector MS-QP 2010 series mass-selective detector
Split ratio 1/50
Electron energy 70 eV
Mass spectra 35–450 m/z
Scanning rate 1 scan/s
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2.6. Statistical analysis

The data were analyzed statistically using General Linear Model
one way analysis of variance (ANOVA). Significance of the results
was determined according to p values (p < 0.05 = significant,
p < 0.01 = moderate significant, p < 0.001 = highly significant). Mul-
tivariate Analysis was made for the bilateral correlation experi-
ments between soil features and essential oils in the experiment.
The SPSS 25.0 package program was used in the analysis of vari-
ance and correlation studies.
3. Results

3.1. Essential oil yield and components

Significant differences were detected in essential oil percentage
in purple basil samples taken from different soil types. The highest
essential oil percentage (0.75%) was obtained in purple basil plants
grown in loamy sand soil type, followed by sandy-clay loam
(0.61%), and clay (0.5%) types, respectively (Table 4.). The higher
percentage of sand in the soil increased the essential oil yield,
while the increased amount of clay in the soil caused a decrease
in the essential oil yield.
3.2. Essential oil contents

A total of 89 compounds were determined in the essential oils
obtained from plant samples taken from three different soil types
where the purple basil plant was grown. The highest number of
components were obtained in clay soil type (72 compounds), fol-
lowed by sandy-clay loam soil type. The lowest number of compo-
nents was obtained in loamy sand soil type (44 compounds),
together with the highest percentage of essential oil content
(Table 5). Increase in the sand content in the soil caused an
increased number of compounds and decreased percentage of
essential oil. The opposite was true when the clay ratio increased
in the soil.

The changes in main components (methylcinnamate, linalool
and 1,8-cineol) were moderately (p < 0.01) and highly (p < 0.001)
significant (Table 5). The main components of purple basil essential
oil were methylcinnamate (44.61%, 46.03%, and 42.33%), linalool
(24.22%, 23.1%, and 21.6%), and 1,8-cineol (6.18%, 3.92%, and
6.29%) according to clay, loamy sand, and sandy-clay loam soils,
respectively. Although methylcinnamate, which is the main com-
ponent of purple basil, was obtained from the samples taken from
loamy sand soils, the other important component, linalool, was
determined as the highest in the samples taken from clay soil
Moreover, methylcinnamate concentration was highest in the basil
plant among all three soil types.

The identified compounds of purple basil essential oils in all
three soil types with different textures were classified into five
groups; aromatic compounds (47.14–47.99%), monoterpenes
(31.40–40.46%), sesquiterpenes (2.24–12.82%), diterpenes (1.09–
1.45%) and others (0.39–1.23%). According to the soil types, the
changes in the aromatic compounds were insignificant, while the
monoterpene, diterpene and other groups were moderately signif-
icant (p < 0.01). Sesquiterpenes were determined to be highly sig-
nificant (p < 0.001) among all soil types. Aromatic compounds
were the highest in purple basil essential oils, followed by
monoterpenes and sesquiterpenes. Aromatic components in the
essential oil ranged from 47.14 to 47.99% in three different soil
types. The components in the monoterpene group were obtained
at the highest amount in sandy-clay loam soils and the lowest in
loam sandy soils. The lowest sesquiterpenes were obtained from
loam sandy soil type with the lowest clay content. Although the



Table 4.P
urple basil essential oil ratios in different soil types (%).

Soil types

Clay Loamy sand Sandy-clay loam F ration

Essential oil (%) 0.5b ± 0.1 0.75 a ± 0.05 0.61b ± 0.03 10.815*

*p < 0.05 (significant).
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decrease in the clay ratio of the soil increased the number of aro-
matic compounds, it caused a decrease in sesquiterpenes. On the
other hand, although there were variations in the ratios of
monoterpenes and sesquiterpenes in all three soils with different
textures, no variations were detected in aromatic compounds
(Table 5).

The correlations of methylcinnamate, linalool, and 1,8-cineol
essential oils, which are the most important components of purple
basil plant, among all three soil types were derived (Table 6).
Among the derived correlations, 1,8-cineol had a negative correla-
tion with EC increase but a positive relation with K2O. Moreover,
there was a negative correlation of methylcinnamate with organic
matter and P2O5, and linalool had a negative correlation with
CaCO3 increase.

The curves of three important compounds obtained from differ-
ent soil types are given in Fig. 1.. Although the sand and EC values
of the soil increased in loamy sand and silt, clay, soil and K2O val-
ues increased in clay soils due to which essential oil ratios
increased. Moreover, the increase in organic matter, CaCO3 and
P2O5 amounts in sandy-clay loam soils caused an increase in the
ratios of essential oil (Fig. 1.a, b, c, d, e, f, g, h).
4. Discussion

The percentage and components of purple basil essential oil
exhibited variation in previous studies. It was reported by different
researchers that these rates vary between 0.36 and 1.67% (Telci
et al., 2006; Souza et al., 2020; Melo et al., 2021). In the current
study, it was determined that essential oil ratios vary between
0.50 and 0.75% depending on soil types (Table 4.). The similarities
or differences between essential oil yields were due to factors such
as physiological characteristics of the plants, the extraction meth-
ods (dry or fresh leaves) in the production of essential oils, the
stages of the plants, nutrients applied, harvest times and soil types
(Cabello et al., 2014; Hendawy et al., 2017).

In this study, it was determined that the essential oil composi-
tion of purple basil grown in Arapgir town of Malatya consisted of
aromatic compounds, monoterpenes and sesquiterpenes. Methyl-
cinnamate, which is one of the important aromatic compounds,
was determined to be the main component of the essential oil fol-
lowed by linalool, which is a monoterpene. In other words, it was
observed that the main component of Arapgir purple basil used in
the study was methylcinnamate and then linalool (Table 5). Simi-
larly, the same compounds were detected by Tursun and Telci
(2020) in their study. It was reported that purple basil has various
chemotypes (Simon et al., 1990), including methylcinnamate and
methylcinnamate/linalool, and the dark color Turkish basil O. basi-
licum var. purpurescens that was used in this study is of methylcin-
namate rich chemotype (Telci et al., 2006; Gupta, 1996). Arapgir
purple basil obtained from Arapgir town of Malatya region was
similar to O. basilicum var. purpurescens with its rich methylcinna-
mate content (Tursun and Telci, 2020). However, it is also already
known that not all purple basil species are rich in methylcinna-
mate, and there are purple basil chemotypes that are rich in lina-
lool (Telci et al., 2006; Telci, 2017). Also, the absence of
components structurally similar to carcinogenic phenylpropanoids
such as methyl eugenol and methyl chavicol (estragole) in Arapgir
4

purple basil, and the presence of components such as linalool and
methyl cinnamate used in the food and perfume industries enable
this chemotype to be preferred for cultivation (Telci et al., 2006).
Also, this chemotype is a mixture of European and tropical chemo-
types that have high methyl cinnamate and linalool contents.

Due to the lack of previous studies on the effect of soil types on
essential oils of purple basil, the results obtained were compared
with some previous studies on essential oils of other plants. The
soil type affects plant growth in different ways, i.e., plant roots
grow faster in sandy soil, but water and nutrient uptake can be lim-
ited due to insufficient contact from the soil. On the other hand, the
opposite situation occurs in clay soils (Passioura, 1991), and this
may lead to changes in the yield and essential oil components of
plants (Mehalaine and Chenchouni, 2020). As a result of the study,
it was found that essential oil yields varied depending on the soil
types and the highest essential oil yield was obtained in the basil
plants grown in sandy soils while the least was obtained from
clayey soils. In terms of the main components of the essential oil,
significant changes were observed especially in monoterpenes
and sesquiterpenes. The lowest essential oil content was obtained
from loamy sand soils. No variation was detected in the obtained
aromatic compounds. Although methylcinnamate, which is one
of the most important components of the essential oils, was
obtained from loamy sand soil (46.3%), the other important com-
pound, linalool, was found at the highest rate in clay soil types
(24.22%) (Table 5). These results may be due to the fact that in
sandy soil, plants are exposed to stress factors such as salinity,
drought, high pH, and low nutrient concentrations, and because
of these stress conditions, the plants in sandy soils have higher
essential oil contents than clay soils (Jeshni et al., 2017; Bhatla
and Lal, 2018; Khalid and Ahmed, 2021). Similarly, it has been
reported that the chemical quality of essential oils is also affected
by soil properties (Aboukhalid et al., 2017).Aziz et al. (2008) and
Said-Al Ahl et al. (2019) found that the production rate of some
essential oil parent compounds in Thymus vulgaris was higher
when grown in sandy soil than when grown in clayey soil. Khalid
and Ahmed (2021) also obtained similar results in citrus. This
means that essential oil yields of medicinal plants can be increased
by increasing sand contents of a soil; the same results were
obtained in our study.

The correlation effects were detected between essential oil
compounds and soil types (Table 6). The essential oil ratios
showed changes in all three soil types according to the increased
amount of clay, sand, and silt. Increasing the amount of sand also
increased the amount of essential oil in loamy sand soils and
increasing the amount of silt and clay increased the amount of
essential oil in clay soils (Fig. 1.a, b, and c). However, although
the increased amount of EC in loamy sand soils increased the
essential oil ratio, the increase in the amount of CaCO3, organic
matter, and P2O5 in sandy clay loam soils caused an increase in
the ratio of essential oils (Fig. 1.d, e, f, g). On the other hand,
increased K2O in sandy soils also increased the amount of essen-
tial oil (Fig. 1. h). It was determined that there is a strong and
negative correlation between EC (dS m�1) 1,8-cineole, organic
matter, and P2O5 (kg ha�1) methylcinnamate, and CaCO3 (%)
and linalool. However, a positive relation was determined
between 1,8-cineol and K2O (kg ha�1).



Table 5
Influence of soil types on essential oil compounds of purple basil.

No Compounds (%) RI* RT** Soil types F ratio

Clay Loamy Sand Sandy-clay loam

1 a-Pinene 988 11,883 0.41 ± 0.01 a 0.25 ± 0.00b 0.32 ± 0.01 a 24.12 **
2 Camphene 1031 13,750 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.0 ns

3 b-Pinene 1077 15,817 1.08 ± 0.05 a 0.25 ± 0.03b 0.87 ± 0.13 a 27.12**
4 Sabinene 1091 16,467 0.54 ± 0.02 a 0.3 ± 0.02b 0.4 ± 0.03c 25.58 **
5 3-Carene 1118 17,750 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.0 ns

6 b-Myrcene 1134 18,567 0.31 ± 0.03 a 0.21 ± 0.01b 0.38 ± 0.01 a 18.38**
7 a-Terpinene 1149 19,283 0.03 ± 0.01 0.01 ± 0.00 0.02 ± 0.01 4.50 ns

8 2,3-Dehydro-1,8-cineole 1162 19,950 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.0 ns

9 Bornylene 1169 20,283 0.28 ± 0.01 a 0.15 ± 0.02c 0.23 ± 0.02b 20.66**
10 b-phellandrane 1175 20,586 – 0.03 ± 0.00 0.06 ± 0.02 0.0 ns

11 1.8-Cineole 1181 21,133 6.18 ± 0.59 a 3.92 ± 0.062b 6.29 ± 0.64 a 4,68**
12 2-Hexenal 1186 21,160 – 0.04 ± 0.01 0.02 ± 0.00 0.0 ns

13 cis-b-Ocimene 1204 22,000 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.0 ns

14 c-Terpinene 1215 22,517 0.05 ± 0.01 – 0.04 ± 0.01 0.0 ns

15 Trans-b-Ocimene 1221 22,817 0.18 ± 0.01b 0.16 ± 0.01b 0.24 ± 0.01 a 13.81**
16 Terpinolene 1251 24,300 0.03 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 4.50 ns

17 Octanal 1258 24,600 0.04 ± 0.01 0.02 ± 0.00 0.02 ± 0.00 2.00 ns

18 Sulcatone 1304 26,850 0.01 ± 0.00 – 0.01 ± 0.00 0.0 ns

19 3-Octanol 1362 29,533 0.01 ± 0.00 – 0.01 ± 0.00 0.0 ns

20 Fenchone 1367 29,750 0.01 ± 0.00 – 0.01 ± 0.00 0.0 ns

21 3-Methyl-hepta-1,6-dien-3-ol 1377 30,233 0.01 ± 0.00 – 0.01 ± 0.00 0.0 ns

22 b-Thujone 1391 30,858 – – 3.27 ± 1.10 0.0 ns

23 1-Octen-3-ol 1416 31,983 0.07 ± 0.02 0.03 ± 0.01 0.04 ± 0.00 5.10 ns

24 trans-Sabinenehydrate 1434 32,783 0.13 ± 0.01 a 0.03 ± 0.01b 0.06 ± 0.01b 22.39**
25 Nonylacetate 1441 33,073 – 0.03 ± 0.00 0.05 ± 0.01 0.0 ns

26 Caprylyl-acetate 1447 33,367 0.05 ± 0.02 – 0.02 ± 0.00 0.0 ns

27 2,4-Heptadienal 1457 33,800 0.04 ± 0.00 – 0.01 ± 0.00 0.0 ns

28 a-Copaene 1461 33,966 – – 0.04 ± 0.01 0.0 ns

29 Benzaldehyde 1485 35,000 0.07 ± 0.02b 0.04 ± 0.01b 3.76 ± 1.00 a 13.85**
30 a-Bourbonene 1497 35,567 0.07 ± 0.02 – 0.05 ± 0.02 0.0 ns

31 Linalool 1526 36,750 24.22 ± 0.01 a 23.1 ± 0.11b 21.6 ± 0.23c 79.03 ***
32 1-Octanol 1530 36,917 0.16 ± 0.02 a 0.04 ± 0.01b 0.04 ± 0.01b 21,12**
33 b-ylangene 1552 37,761 0.62 ± 0.03 0.58 ± 0.02 0.57 ± 0.03 0.36 ns

34 Bornyl-acetate 1555 37,735 – 0.4 ± 0.10b 1.39 ± 0.10 a 78.47**
35 Germacrene D 1560 37,867 0.14 ± 0.03b 0.02 ± 0.01b 0.76 ± 0.16 a 17.58 ***
36 a-Bergamotene 1564 38,350 2.19 ± 0.13 a – 0.04 ± 0.05b 269.75**
37 Caryophyllene 1574 38,733 0.35 ± 0.08 a 0.08 ± 0.01b 0.48 ± 0.04 a 14.88***
38 Terpinene-4-ol 1568 38,497 – 0.03 ± 0.00 – 0.0 ns

39 (+)-Aromadendrene 1582 39,067 0.02 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 1.50 ns

40 Methylbenzoate 1586 39,233 0.06 ± 0.02 – 0.01 ± 0.00 0.0 ns

41 b-Cyclocitral 1590 39,433 0.02 ± 0.00 – 0.02 ± 0.00 0.0 ns

42 Benzeneacetaldehyde 1602 39,900 0.04 ± 0.01 – – 0.0 ns

43 Bicyclosesquiphellandrene 1607 40,100 0.07 ± 0.02 – 0.04 ± 0.01 0.0 ns

44 Hexanoicacid, 4-hexenyl ester 1620 40,617 0.02 ± 0.00 – – 0.0 ns

45 (E)-Verbenol 1622 40,683 0.02 ± 0.00 – – 0.0 ns

46 Farnesene 1628 40,950 0.38 ± 0.52 a 0.04 ± 0.20b 0.38 ± 0.52 a 21.61**
47 a-Humulene 1641 41,467 1.68 ± 0.13 a 0.77 ± 0.10b 1.56 ± 0.10 a 19,23**
48 cis-Verbenol 1643 41,547 – – 0.02 ± 0.00 0.0 ns

49 p-menth-1-en-8-ol 1660 42,213 – – 0.77 ± 0.21 0.0 ns

50 a-Terpineol 1663 42,317 0.08 ± 0.01 0.37 ± 0.03 0.1 ± 0.01 65.93**
51 Borneol L 1666 42,435 – – 0.38 ± 0.10 0.0 ns

52 b-Cubebene 1680 42,983 1.53 ± 0.30 – – 0.0 ns

53 delta-Guaiene 1683 43,133 0.51 ± 0.07b 0.64 ± 0.06b 1.19 ± 0.03 a 43.197**
54 a-Bulnesene 1679 43,145 0.06 ± 0.01c 0.28 ± 0.03b 0.39 ± 0.03 a 49.64**
55 Bicyclogermacrene 1702 43,850 0.88 ± 0.05 a 0.27 ± 0.03c 0.46 ± 0.04b 55.15**
56 c-Cadinene 1728 44,833 1.04 ± 0.03 a 0.01 ± 0.00b 0.05 ± 0.02b 625.16**
57 Nerol 1760 46,000 0.04 ± 0.01 – – 0.0 ns

58 Geraniol 1805 47,667 0.04 ± 0.00 – – 0.0 ns

59 Methylmalononitrile 1966 53,400 0.14 ± 0.01b 0.25 ± 0.03 a 0.10 ± 0.01b 16.22**
60 Methyl-Eugenol 1974 53,650 0.29 ± 0.08b 2.07 ± 0.15 a – 127.25**
61 b-Selinene 1980 53,871 – – 0.06 ± 0.01 0.0 ns

62 Nerolidol 1992 54,280 – – 0.11 ± 0.03 0.0 ns

63 HumuleneOxide 2004 54,677 – – 0.8 ± 0.03 0.0 ns

64 Cubedol 2021 55,226 – – 0.14 ± 0.04 0.0 ns

65 Methylcinnamate 2062 56,533 44.61 ± 0.40 a 46.03 ± 0.58 a 42.33 ± 0.19b 19.82**
66 Spathulenol 2087 57,333 0.23 ± 0.08 – 0.21 ± 0.06 0.0 ns

67 Ethylcinnamate 2089 57,417 0.07 ± 0.02 0.08 ± 0.01 – 0.0 ns

68 9-Methyl-cis-decalin-1,8-dione 2111 58,117 0.08 ± 0.01b 0.85 ± 0.20 a 0.04 ± 0.01b 15.39**
69 Eugenol 2116 58,262 2.36 ± 0.21b 1.88 ± 0.05b 5.01 ± 0.58 a 22.51**
70 a-Cadinol 2133 58,833 3.12 ± 0.71 – – 0.0 ns

71 a-Bisabolol 2170 60,000 0.03 ± 0.00 – – 0.0 ns

72 b-Eudesmol 2188 60,583 0.45 ± 0.05 a 0.12 ± 0.03b 0.15 ± 0.03b 28.54**
73 Isocyclocitral 2196 60,840 – – 0.02 ± 0.00 0.0 ns

(continued on next page)

Ayse Ozlem TURSUN Saudi Journal of Biological Sciences 29 (2022) 103314

5



Table 5 (continued)

No Compounds (%) RI* RT** Soil types F ratio

Clay Loamy Sand Sandy-clay loam

74 Ethylhexadecanoate 2202 61,017 0.06 ± 0.01 – 0.09 ± 0.03 0.0 ns

75 Epiglobulol 2209 61,233 0.05 ± 0.02 – – 0.0 ns

76 Caryophylleneoxide 2239 62,119 – – 0.29 ± 0.06 0.0 ns

77 Ocimene 2246 62,324 – – 0.04 ± 0.00 0.0 ns

78 Farnesol 2301 63,967 0.03 ± 0.00 – – 0.0 ns

79 trans-Longipinocarveol 2314 64,350 0.02 ± 0.00 – 0.07 ± 0.02 0.0 ns

80 Geranylacetate 2320 64,517 0.02 ± 0.00 – – 0.0 ns

81 Valerenol 2327 64,733 0.04 ± 0.00 – – 0.0 ns

82 Linolenicalcohol 2332 64,867 0.02 ± 0.01 – – 0.0 ns

83 Longifolenealdehyde 2380 66,283 0.06 ± 0.00 – – 0.0 ns

84 Cembrene 2392 66,650 0.02 ± 0.00 – 0.05 ± 0.01 0.0 ns

85 Pentacosane 2439 67,950 0.01 ± 0.00 – – 0.0 ns

86 Phytol, acetate 2458 68,483 0.18 ± 0.12 0.04 ± 0.03 – 87.53**
87 Methyllinoleate 2472 68,867 0.02 ± 0.00 – – 0.0 ns

88 Benzylbenzoate 2575 71,683 0.01 ± 0.00 – – 0.0 ns

89 Manool 2614 72,817 1.14 ± 0.08b 1.41 ± 0.06 a 1.04 ± 0.06b 8.33*
Aromatic compounds 47.14 ± 1.75 47.99 ± 1.55 47.35 ± 2.15 0.018 ns

Monoterpenes 34.19 ± 1.24b 31.40 ± 1.10b 40.46 ± 1.18 a 15.57**
Sesquiterpenes 12.82 ± 1.15 a 2.24 ± 0.14c 7.25 ± 0.58b 49.84***
Diterpenes 1.34 ± 0.04b 1.45 ± 0.03 a 1.09 ± 0.02c 42.54**
Others 0.70 ± 0.12b 1.23 ± 0.13a 0.39 ± 0.05b 16.08**

TOTAL 96.19 84.31 96.54

*RI: retention index;
**RT: retention time;
*p < 0.05 (significant); **p < 0.01 (moderate significant); ***p < 0.001 (highly significant); ns, non-significant, All values are given as mean (%) ± SD.

Table 6
Correlation between soil and important essential oil components in purple basil
plants in three different soil types (P < 0.05).

Soil Essential Oils Correlation Sig.

Sand (%) 1.8-Cineole �0.802 0.407
Linalool �0.493 0.672
Methylcinnamate 0.310 0.799

Silt (%) 1.8-Cineole 0.464 0.693
Linalool 0.821 0.387
Methylcinnamate 0.133 0.915

Clay (%) 1.8-Cineole 0.845 0.360
Linalool 0.426 0.720
Methylcinnamate �0.380 0.752

EC (dS m�1) 1.8-Cineole �0.993 0.078
Linalool 0.003 0.998
Methylcinnamate 0.740 0.470

Organic matter (%) 1.8-Cineole 0.867 0.332
Linalool �0.602 0.589
Methylcinnamate �0.996 0.060

CaCO3 (%) 1.8-Cineole 0.155 0.901
Linalool �1.000 0.020
Methylcinnamate �0.697 0.509

P2O5 (kg ha�1) 1.8-Cineole 0.811 0.397
Linalool �0.681 0.523
Methylcinnamate �1.000 0.005

K2O (kg ha�1) 1.8-Cineole 0.954 0.195
Linalool 0.180 0.885
Methylcinnamate �0.605 0.587

Ayse Ozlem TURSUN Saudi Journal of Biological Sciences 29 (2022) 103314
Mehalaine and Chenchouni (2020) reported positive results
regarding the correlations between the composition obtained from
aromatic plants and the chemical properties of the soil with total
calcium carbonate (CaCO3). In addition, it was reported that aro-
matic plants have higher essential oil yield in calcareous soils than
sandy soils (Aboukhalid et al., 2017). In the present study, although
the increased CaCO3 amount showed similarities in terms of soil
types with higher essential oil ratios in loamy sand soils when
compared to clay soils, a very strong and negative relation was
6

detected for linalool (Table 6). Alizadeh et al. (2010) found that
the increased K2O caused an increase in essential oil yields in the
Satureja hortensis L. plant, which is similar to the findings of the
present study. EC might affect the chemical profile of the essential
oil components in aromatic plants (Hasani et al., 2017). In the pre-
sent study, the higher levels of EC caused increase in amounts of
essential oil in loamy sand soils when compared to other soil types.
Moreover, stress factors such as saline soil, saline irrigation water,
drought and minerals can significantly change the essential oil
composition and yield of various aromatic plants (Khalid and
Shedeed, 2014; Bhatla and Lal, 2018). Therefore, it is possible to
alter the quality and yield of essential oil by changing soil chemical
properties or by inducing plant stress (Mehalaine and Chenchouni,
2020). The current study provides a base in choosing the appropri-
ate cultivation soil type to obtain higher essential oil from purple
basil plant.
5. Conclusion

It was concluded in the present study that the essential oil con-
tent (%) and compounds of Arapgir purple basil have a significant
relationship with soil type. The essential oil content (%) was found
higher in sandy soils than in other soil types. Although several aro-
matic compounds were obtained but the methylcinnamate was
determined as the most important one from all the essential oils.
It is suggested that the purple basil plant grown in sandy soil pro-
duced high percentage of essential oil especially methylcinnamate.
In addition, due to the low organic matter content in areas with
sandy soils, the cultivation of medicinal aromatic plants such as
purple basil will help these areas to participate in production. In
future, this study will assist to investigate the relationship between
the quality and quantity of essential oil production under different
soil and environmental conditions. Further, this is important to
investigate vegetative characteristics and yield studies of purple



a b

c d

e f

g h

Fig. 1. The average essential oils and soil types in purple basil. a) the relations among three important compounds and sand, b) the relations among three important
compounds and silt, c) the relations among three important compounds and clay, d) the relations among three important compounds and EC, e) the relations among three
important compounds and organic matter, f) the relations among three important compounds and CaCO3, g) the relations among three important compounds and P2O5, and
h) the relations among important compounds and K2O.
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basil plant, which was not explored in this study, in different envi-
ronments and soil types in future studies.
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