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Evaluation of yield, chemical composition and yield of essen-
tial oil of four cultivars of sweet basil (Ocimum basilicum L.) 
affected by different levels of nitrogen

Izvleček: A field experiment was conducted to evaluate 
yield and some qualitative characteristics of four cultivars of 
sweet basil treated with different levels of nitrogen fertilizer. 
The experiments were located on the Agricultural Research 
Station of Khorramabad, Iran, during the 2016-2017 growing 
season. Treatments were arranged in factorial split-plot-in time 
in randomized complete block design with three replications. 
Experimental treatments were four cultivars of sweet basil (Oci-
mum basilicum ‘Italian Large Leaf ’, O. basilicum ‘Mobarakeh’, 
O. basilicum ‘Cinnamon’ and O. basilicum ‘Thai’), three levels 
of nitrogen fertilizer (0, 100 and 200 kg ha−1 urea) and three 
harvests. The highest total dry mass (3482.4 kg ha−1) was related 
to ‘Italian Large Leaf ’ with the application of 200 kg ha−1 urea 
at the second harvest. The maximum (26.79 kg ha−1) essential 
oil yield belonged to 100 kg ha−1 urea. The highest concentra-
tions of main constituents of essential oil, except methyl chavi-
col, 1,8-cineole and methyl cinnamate were obtained by control 
(without nitrogen fertilizer). Italian Large Leaf cultivar and ap-
plication of 100 kg ha−1 urea are recommended to access an ac-
ceptable agricultural yield and essential oil yield in sweet basil 
under the environmental condition similar to Khorramabad.

Key words: basil; dry mass; essential oil; main constitu-
ents of essential oil; urea 

Ovrednotenje pridelka, kemijske sestave in pridelka eteričnih 
olj štirih sort navadne bazilike (Ocimum basilicum L.) pri raz-
ličnem gnojenju z dušikom

Abstract: Za ovrednotenje pridelka in nekaterih kakovo-
stnih lastnosti štirih sort navadne bazilike je bil izveden poljski 
poskus z različnimi odmerki dušikovih gnojil. Poskus je potekal 
na Agricultural Research Station of Khorramabad, Iran, v rastni 
sezoni 2016-2017. Obravnavanja so bila izvedena v naključnem 
faktorskem bločnem poskusu z deljenkami s tremi ponovitva-
mi. Obravnavane so bile štiri sorte navadne bazilike (Ocimum 
basilicum ‘Italian Large Leaf ’, O. basilicum ‘Mobarakeh’, O. ba-
silicum ‘Cinnamon’ and O. basilicum ‘Thai’), tri ravni gnojenja 
z dušikovimi gnojili (0, 100 in 200 kg ha−1 uree) in tri žetve. 
Največjo celukupno suho maso (3482,4 kg ha−1) je imela sorta 
Italian Large Leaf pri uporabi 200 kg ha−1 uree v drugi žetvi. 
Največji pridelek eteričnih olj (26,79 kg ha−1) je bil dosežen pri 
100 kg ha−1 uree. Največja vsebnost glavnih komponent ete-
ričnih olj, razen metil kavikola, 1,8-cineola in metil cinamata, 
je bila pri kontroli (brez gnojenja z dušikovimi gnojili). Sorta 
Italian Large Leaf in uporaba 100 kg ha−1 uree sta priporočeni 
za doseganje sprejemljivega agronomskega pridelka in pridelka 
eteričnih olj navadne bazilike v okoljskih razmerah podobnih 
tistim v Khorramabadu.

Ključne besede: navadna bazilika; suha masa; eterično 
olje; glavne sestavine eteričnega olja; urea 
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1 INTRODUCTION

Sweet basil (Ocimum basilicum L.) is one of the 
oldest spices belonging to the Labiatae family, an her-
baceous annual plant, native to Asia, Africa, America 
and the Subtropics (Roman, 2012; Borloveanu, 2014). 
The basil is rich in secondary metabolites and essential 
oil of therapeutic importance. Therefore, it has been 
used in traditional medicine as a tonic, diuretic, anal-
gesic, anti-inflammatory, anticancer and also to prevent 
cardiovascular disease complications (Krishnaiah et al., 
2009; Srivastava et al., 2014; Li et al., 2017). Basil is an im-
portant economic crop and widely used in the culinary 
arts, food processing and pharmaceutical industries (Al-
Maskri et al., 2011; Beatović et al., 2015). There are many 
cultivars of sweet basil which vary in their leaf colors 
(green or purple), flower color (white, red, purple) and 
aroma. Sweet basil has been classified into seven differ-
ent morphotypes, which include 1) tall, slender types; 2) 
large-leafed types (‘Italian’ basils); 3) dwarf types (‘Bush’ 
basils); 4) compact types (‘Thai’ basils); 5) purple types 
(with clove-like aroma); 6) ‘Purpurascens’ types (sweet 
purple colored basils); and ‘Citriodorum’ types (flavored 
basils) (Simon et al., 1999). The chemical composition of 
sweet basil essential oil depends on genetic, season, envi-
ronmental factors and the plant growth stage (Bilal et al., 
2012). Padalia et al. (2014) has reported linalool, methyl 
chavicol, methyl eugenol, eugenol and geraniol as domi-
nant components in the basil essential oil. 

Nitrogen is one of the most important nutrients for 
plant production that plays a major role in photosyn-
thetic activity and crop yield capacity and its availabil-
ity influence plants growth and biochemical parameters 
(Werner & Newton, 2005; Caliskan et al., 2008). The pro-
moting effect of nitrogen on growth parameters can be 
explained on the basis of the fact that nitrogen is involved 
in all parameters of growth through structure and regula-
tion, among them supply increases the number and size 
of meristematic cells which leads to the formation of new 
shoots and leaf expansion (Lawlor, 2002). 

Growth and yield of basil, like in other cultivated 
plants, depend upon the availability of all nutrients in 
the nutritional environment; besides, the yield quality 
is closely connected with macro- and micro-elements 
taken up. It is reported that nitrogen application signifi-
cantly increase the herb yield of basil grown in different 
climatic conditions (Zheljazkov et al., 2008). According 
to Zheljazkov et al. (2008), the relationship between ni-
trogen levels and basil plants growth was characterized 
by quadratic polynomial model, the highest values be-
ing reached at approximately 60 kg ha−1 N. However, 
Sifola & Barbieri (2006) reported that the highest fresh 
mass of basil occurred in 300 kg ha−1 of nitrogen ferti-

lization. The conditions such as climatic and nutrient 
factors suitable for plant growth are of the most impor-
tant factors affecting the growth of medicinal plants and 
qualitative and quantitative characteristics of essential 
oil (Street, 2012). Reporting research findings showed 
that nitrogen markedly changed the amount of linalool, 
eugenol, methyl chavicol, Z-citral (neral), geranial, (E)-
caryophyllene, trans-α-bergamotene, α-humulene and 
eucalyptol of essential oil of sweet basil (Zheljazkov et al., 
2008; Nurzyńska-Wierdak et al., 2013; Kordi, 2017). In a 
field research with mint (Mentha arvensis L.), the effect of 
three levels of nitrogen fertilizer (0, 100 and 200 kg ha−1 
nitrogen) on essential oil yield was investigated. The re-
sults showed that the highest amount of essential oil in 
mint was obtained from application of 100 kg ha−1 nitro-
gen (Ram et al., 1998). 

Excessive nitrogen fertilizer may negatively affect 
the uptake of other nutrients, and also its high water-sol-
ubility of nitrogen leads to increased runoff into surface 
water as well as leaching into groundwater, thereby caus-
ing groundwater pollution. So, determining an appropri-
ate dose of N fertilizer in line with feeding crops results 
in not only higher yield quantitatively and qualitatively, 
but also less damage to agricultural system and environ-
ment. Moreover, the yield and qualitative characteristics 
of the cultivars, investigated fully throughout this experi-
ment, have not been studied under a certain climate in 
the previous researches, so far. The aim of the present re-
search was to determine the effect of the rate of nitrogen 
fertilizers on agricultural yield, essential oil content and 
composition in four basil cultivars: ‘Italian Large Leaf ’, 
‘Mobarakeh’, ‘Cinnamon’ and ‘Thai’. 

2 MATERIALS AND METHODS

2.1 LOCATION AND PLANT MATERIALS

This field experiment was conducted in the Agricul-
tural Research Station of Khorramabad, Iran (33°27ʹN, 
48°17ʹE, and altitude 1,162 m), during 2016 - 2017 grow-
ing season. Physical soil analysis and chemical character-
istics of soil at the depth 0-30 cm are shown in Table 1.

Before cultivation, 100 kg triple superphosphate 
ha−1 and 30 kg potassium sulfate ha−1 were added to plots 
according to soil test. Nitrogen (as urea; 46 % N) in two 
phases was distributed: half of the amount of nitrogen 
was added to plots with the last tilling before planting 
and the rest of the nitrogen after the first harvest. Seeds of 
sweet basil were planted by hand in plots, whose area was 
5 m2, consisting of five 2-meter rows spaced 50 cm apart 
and 2.5 cm intra-row plant spacing on May 25th 2016. 
All plots were irrigated immediately after sowing. Sub-
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sequent irrigations were carried out every 4 days. Hand 
weeding of the experimental area was performed when 
required.

2.2 EXPERIMENTAL DESIGN AND TREATMENTS

This experimental design was a factorial split-plot-
in time experiment based on Randomized Complete 
Block Design (RBCD) with three replications. Experi-
mental treatments were four cultivars of sweet basil (O. 
basilicum ‘Italian Large Leaf ’, O. basilicum ‘Cinnamon’, 
O. basilicum ‘Thai’ and O. basilicum ‘Mobarakeh’ (na-
tive basil cultivar has been cultivated in many regions of 
Iran), three levels of nitrogen fertilizer included; N1: con-
trol (without urea fertilizer); N2: 100 kg ha−1 urea; N3: 
200 kg ha−1 urea, and three harvests. Mobarakeh culti-
var was provided from Pakan-Bazr institute, Isfahan and 
three foreign cultivars of basil were obtained from Eden 
Brothers Company in the United States. 

2.3 TRAITS MEASUREMENT

The traits measured in this study included leaf dry 
mass, total dry mass, essential oil percentage, chemical 
composition and yield of essential oil sweet basil. 

2.4 MEASURING LEAF DRY MASS AND TOTAL 
DRY MASS

The sweet basil was harvested three times each sea-
son in early flowering stage on the July 12th, August 15th, 
and September 25th. Samples along 1 m of length were 
taken from the center of two rows, located in the middle 
of each plot. Plants above ground was cut and transferred 
into a lab to measure leaf and total mass. To measure dry 
mass, the samples were dried in an oven at 75 °C for 72 h 
and then weighed. For essential oil extraction the aerial 
parts of sweet basil plants were dried naturally in the 
shade.

2.5 MEASURING ESSENTIAL OIL CONTENT

Fifty grams of dried aerial parts (both stems and 

leaves) were sampled for analysis. Woody parts were 
separated and the remainder hydro-distilled for 4 h, us-
ing a Clevenger-type apparatus (Anonymous, 1996). The 
distilled essential oils were dried over anhydrous sodium 
sulfate, filtered and stored in sealed vials at 4 °C, prior to 
further analyses. To measure main constituents of essen-
tial oil, all treatments belonged to a given repetition were 
chosen in second harvest. 

2.6 GAS CHROMATOGRAPHY-MASS SPECTROM-
ETRY (GC-MS)

The oil samples were analyzed in a gas chromatog-
raphy Agilent model 7890 using HP-5MS column (30 m 
× 0.25 mm, 0.25 mm in thickness). The oven tempera-
ture was programmed from 50 °C (held for 2 min) and 
increased to 240 °C at a rate of 3 °C min−1 then 240 °C to 
300 °C at a rate of 15 °C min−1. Helium was used as car-
rier gas with a constant flow rate of 1 ml min−1. The mass 
spectra were recorded on electron ionization (EI) mode, 
with ionization energy of 70 eV. Temperature at the in-
jection site was 290 °C. The identification of constituents 
was carried out based on the retention indices (calcu-
lated using from C8 to C20 alkanes) and by comparing 
the mass spectra with a computer databank (Wiley 7 and 
Nist 62) and with reference to published data (Adams, 
2007; Carneiro et al., 2017).

2.7 DATA ANALYSIS

SAS (version 9.1) and MSTAT-C programs were 
used to conduct an analysis of variance (ANOVA) and 
means comparison, respectively. Treatment mean differ-
ences were separated by Duncan test at the 5 % level of 
probability. The graphs were drawn by Excel and error 
bars were assigned on the basis of standard deviation 
(SD). 

3 RESULTS AND DISCUSSION

3.1 LEAF DRY MASS AND TOTAL DRY MASS

The analysis of variance showed that cultivar had 
a significant effect on leaf dry mass and total dry mass. 

Soil texture
Clay 
(%)

Silt 
(%)

Sand 
(%) pH

EC 
(dS m−1)

OC 
(%)

Total N 
(%)

Available P 
(ppm)

Available K 
(ppm)

Silty clay loam 39 48 13 7.7 0.5 1.04 0.22 7 335

Table 1: Physical and chemical analysis of soil before the experiment
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Sources of variation df Leaf dry mass Total dry mass Percentage of essential oil Essential oil yield
Replication (R) 2 4372.81 61975.13 0.008 13.99
Cultivar (A) 3 100263.97** 865900.19** 2.63** 2701.25 **

Fertilizer (B) 2 1993129.8** 5107691.31** 0.35** 246.26**

A× B 6 17972.91 ns 83695.26** 0.007 ns 7.36 ns

Error 1 (A×B×R) 22 15800.19 20256.08 0.006 8.24
Harvest (C) 2 3728940.4** 15436181.5** 0.37** 3046.94**

Error 2 (C×R) 4 2722.3 17939.5 0.05 21.95
A× C 6 8325.49 ns 58284.72** 0.05** 207.93**

B× C 4 164325.9** 187653.87** 0.003 ns 8.72 ns

A× B× C 12 2546.9 ns 35986.78** 0.004 ns 7.82 ns

Error 3 48 5140. 8 6871.59 0.01 8.26
C.V (%) - 6.07 3.37 10.78 11.97

Table 2: The variance analysis of agricultural yield and some qualitative properties of sweet basil cultivars

*,** and ns show significant difference at probability of 5 %, 1 % and no significant difference, respectively

Figure 1: Leaf dry mass in different cultivars of basil

Figure 2: Leaf dry mass response of basil to different harvests under various levels of nitrogen fertilizer
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Also, simple effects of fertilization and harvest were 
significant on leaf dry mass and total dry mass in this 
study. Cultivar × harvest interaction effect was signifi-
cant for the total dry mass. Also, the leaf dry mass and 
total dry mass were influenced by fertilizer × harvest. 
The interaction effects of cultivar × fertilizer and culti-
var × fertilizer × harvest were only significant for total 
dry mass (Table 2).

Application of nitrogen fertilizer significantly im-
proved yield in all four cultivars. Nitrogen fertilizers 
provide during the growing season provides a favora-
ble environment for the production of basil, by provid-
ing the nitrogen needed for the basil plant growth and 
biomass production. 

The highest leaf dry mass (1271.3 kg ha−1) was 
related to Italian Large Leaf cultivar, but there was 
no significant difference among other studied sweet 
basil cultivars (Fig. 1). In all harvests, plants fed with 
urea had greater leaf dry mass compared to untreated 
plants. Plants in the second harvest had higher leaf dry 
mass compared to the first and the third harvests. The 
maximum leaf dry mass (1766.5 kg ha−1) was recorded 
with the application of 200 kg ha−1 urea at the second 
harvest. Untreated plants had the lowest leaf dry mass 
in all harvests (Fig. 2). Kandil et al. (2009) reported 
that nitrogen fertilization significantly increases basil 
leaf mass, which can be due to an increase in leaf thick-
ness, and not only its size. Also, Kordi (2017) reported 
that among different sources of nitrogen fertilizers, 
the highest fresh and dry mass of basil leaves were re-
corded for plants fed with urea fertilizer in the second 
harvest.

The comparison of the mean values of the total 
dry mass (Fig. 3) showed that total dry mass of the all 

studied basil cultivars increased with application of ni-
trogen fertilizer in all harvests. Similar to leaf dry mass 
(Fig. 2), plants in the second harvest had the highest 
total dry mass compared to the first and the third har-
vests. The highest total dry mass (3482.4 kg ha−1) was 
related to Italian Large Leaf cultivar with the applica-
tion of 200 kg ha−1 urea at the second harvest, although 
in terms of this trait had no significant difference with 
Italian Large Leaf cultivar with the application of 100 
kg ha−1 urea at the second harvest (Fig. 3). The incre-
ment in total dry mass of basil by application of ni-
trogen fertilizer (Fig. 3) can be attributed to increment 
in chlorophyll content (unpublished data) and better 
growth of plants and subsequently the better canopy 
development which ultimately leads to the better use 
of solar irradiance, higher photosynthesis and finally 
higher dry mass in basil plants. Nitrogen has an im-
portant role in the improvement of vegetative growth, 
resulting in increased yield. Sifola & Barbieri (2006) re-
ported that applying nitrogen doses (ranging between 
0 to 300 kg ha−1) resulted in a dry mass rise of the 
above-ground part. In other research, the highest basil 
herb yield (23.2 t ha−1) was obtained by application of 
120 kg ha−1 N (Yassen et al., 2003). Also, Biesiada & 
Kus (2010) reported that nitrogen amount affects basil 
herb yield so that the highest yields were recorded at 
the dosage of 150-250 kg ha−1 N. 

Although all plants were harvested at identical 
growth stage, a reduction in total dry mass of the first 
harvest (Fig. 3) is attributed to the effects of higher 
temperature of June and consequently stimulating pre-
mature flowering in spite of lower vegetative growth. In 
this respect, lateral branch and height of plants relative 
to other harvests were reduced.

Figure 3: Total dry mass response of basil cultivars to different harvests under various levels of nitrogen fertilizer
N1: (control), N2: 100 kg ha-1 urea, N3: 200 kg ha-1 urea;
H1, H2 and H3: first harvest, second harvest and third harvest, respectively
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3.2 PERCENTAGE OF ESSENTIAL OIL AND ES-
SENTIAL OIL YIELD

The results of variance analysis showed a significant 
influence of cultivar, fertilization and harvest on the per-
centage of essential oil and essential oil yield (kg ha−1) 
(Table 2). Also, cultivar × harvest interaction effects were 
significant for both traits (Table 2). The comparison of the 
mean values showed that the highest percentage of essen-
tial oil (1.55 %) and essential oil yield (55.64 kg ha−1) were 
related to Italian Large Leaf cultivar at the second harvest 
(Figs 4 and 5). Although all harvests were performed at 
the same developmental stage, plants of second harvest 
generated more secondary metabolites (Fig. 4) due to ex-
position to abundant light and carrying out more photo-
synthesis activities. Among three harvests of sweet basil, 
Jahan et al. (2012) demonstrated that the highest and low-
est percentage of essential oil and essential oil yield were 
found in the second and the first harvests, respectively. 

The results of mean comparisons showed that the 
highest (1.01 %) and the lowest (0.82 %) essential oil con-
tent was related to control and 200 kg ha−1 urea, respec-
tively, but the maximum (26.79 kg ha−1) and minimum 
(21.58 kg ha−1) essential oil yield belonged to 100 kg ha−1 
urea and control (Figs 6 and 7). According to the results 
of this research, it seems that there is an inverse relation-
ship between essential oil percentage of sweet basil and 
using nitrogen chemical fertilizer (Fig. 6). The superiority 
of controls over other treatments with high agricultural 
yield is attributed to an increase in secondary metabolites 
under environmental stress and nutritional deficiency 
conditions. Nitrogen fertilizer application adequately 
paved the way for plants to grow adequately through sup-
plying nutritional resources. Tahami Zarandi et al. (2010) 
revealed that higher essential oil percentage of sweet basil 
was produced by not using fertilizer than with chemical 
fertilizer. Control (without nitrogen fertilizer) treatment 
gave higher essential oil percentage compared to the ni-

Figure 4: Percentage of essential oil response of basil cultivars to different harvests

Figure 5: Essential oil yield response of basil cultivars to different harvests
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trogen chemical fertilizers (Fig. 6). This reflected the facts 
that essential oil yield of sweet basil was highly affected 
by agricultural yield and less by essential oil percentage 
(Fig. 7). This experiment confirmed the hypothesis that 
application of nitrogen chemical fertilizer could increase 
essential oil yield of sweet basil, mainly due to increase in 
agricultural yield. Biesiada & Kus (2010) documented that 
highest yield of sweet basil’s aerial organs was obtained by 
applying 150 kg ha−1 N. Added nitrogen supply increases 
photosynthesis rate and enables the plant to grow rapidly 
and produced considerable biomass and basic metabo-
lism, which may increase production and accumulation 
of secondary metabolites, such as essential oil (Sifola & 
Barbieri, 2006). 

3.3 THE MAIN COMPONENTS OF ESSENTIAL OIL 

In addition to quantity, the quality (in terms of 

type and amount of constituents) of essential oil is also 
received great attentions while cultivation medicinal 
plants. The analysis of essential oil carried out on aerial 
parts of basil cultivars under different treatments revealed 
the presence of 29-35 constituents, shown in Table 3. In 
current research, the results revealed that the types of es-
sential oil components could remarkably vary depend-
ing on the cultivar and the rate of applied nitrogen. Eight 
constituents including methyl chavicol (38.2-48.9  %), 
Z-citral (neral) (13.1-17.0  %), geranial (17.3-23.0  %), 
(E)-caryophyllene (4.50-4.90  %), trans-α-bergamotene 
(1.27-1.80  %), α-humulene (1.67-1.90  %), germacrene-
D (0.82-1.50 %), and γ-cadinene (3.00-3.20 %) were the 
main constituents of essential oil in the cultivar Mo-
barakeh (Table 3). 1,8-cineole (4.70-5.20  %), linalool 
(34.5-36.1%), methyl chavicol (5.80-7.20  %), eugenol 
(1.50-1.81 %), methyl cinnamate (38.8-41.0 %) and ger-
macrene-D (1.80-2.30 %) were the dominant compounds 
in the essential oil of cultivar Cinnamon (Table 3). In the 

Figure 6: Percentage of essential oil response of basil to different levels of nitrogen fertilizer

Figure 7: Essential oil yield response of basil to different levels of nitrogen fertilizer
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Compound
‘Mobarakeh’ ‘Cinnamon’ ‘Italian Large Leaf ’ ‘Thai’
N1 N2 N3 N1 N2 N3 N1 N2 N3 N1 N2 N3

α-Pinene 0.20 0.21 0.21 0.28 0.25 0.32 0.26 0.30 0.31 0.16 0.20 0.22
Camphene 0.69 0.60 0.63 tr tr tr 0.11 tr tr tr tr tr
β -Pinene 0.36 0.37 0.30 0.45 0.50 0.40 0.67 0.60 0.61 0.29 0.33 0.30
Myrcene 0.15 0.15 0.10 0.29 0.26 0.30 0.49 0.53 0.5 0.40 0.45 0.32
Limonene 0.12 0.13 0.14 0.10 0.10 0.12 0.30 0.35 0.30 0.21 0.20 0.18
1,8-Cineole 0.31 0.40 0.35 4.70 5.20 4.70 8.14 8.30 8.40 1.45 1.60 1.50
(E)-β- Ocimene 0.13 0.20 0.26 0.60 0.65 0.60 0.32 0.30 0.35 1.14 1.20 1.20
Terpinolene - - - 0.17 0.15 0.10 0.25 0.20 0.23 0.16 0.20 0.20
Fenchone 0.10 0.15 0.20 0.22 0.30 0.30 0.30 0.30 0.35 0.24 0.20 0.30
Linalool 0.20 0.30 0.25 34.5 36.1 34.6 42.4 44.8 41.9 40.0 40.1 39.0
Camphor tr tr tr 0.70 0.40 0.30 0.53 tr 0.30 0.75 0.50 0.50
Borneol 0.32 0.20 0.25 0.15 tr tr 0.42 0.30 0.30 0.40 0.40 0.20
Terpinen-4-ol - - - 0.73 0.80 0.95 - - - 0.21 0.40 0.40
α-Terpineol 0.26 0.30 0.20 0.33 0.35 0.30 0.71 0.60 0.55 1.10 0.90 0.80
Methyl chavicol 38.2 45.2 48.9 5.80 6.00 7.20 30.7 33.2 37.0 9.30 10.1 11.3
Z-Geraniol (Nerol) 0.21 0.40 0.68 - - - - - - - - -
Z-Citral (Neral) 17.0 14.2 13.1 - - - - - - - - -
Chavicol 0.30 0.20 0.20 0.40 0.40 0.50 0.80 0.75 0.90 - - -
Geraniol 0.85 0.50 0.23 - - - 0.10 tr tr - - -
Geranial 23.0 21.4 17.3 - - - - - - - - -
Bornyl acetate 0.30 0.30 0.20 0.26 0.20 0.20 0.60 0.70 0.50 0.42 0.50 0.40
α-Cubebene 0.20 0.18 0.15 0.15 0.20 0.15 0.40 0.30 0.30 - - -
Eugenol 0.19 0.15 0.10 1.81 1.60 1.50 1.20 1.10 0.90 3.21 3.00 2.80
α-Copaene 0.16 0.21 0.17 0.14 0.10 0.10 tr tr tr - - -
β- Cubebene 0.50 0.45 0.40 - - - 0.13 tr tr 0.75 0.60 0.60
β- Elemene 0.14 tr tr 0.68 0.50 0.60 0.15 tr tr 1.03 0.90 0.90
Methyl cinnamate tr tr 0.10 38.8 40.3 41.0 - - - 30.1 31.2 32.0
Methyl eugenol 0.60 0.50 0.46 0.16 tr tr 0.52 0.30 0.40 1.60 1.30 1.30
(E)-Caryophyllene 4.90 4.50 4.78 0.40 0.30 0.30 2.80 2.50 2.20 0.30 0.20 tr
Trans-α-
Bergamotene

1.80 1.60 1.27 0.53 0.30 0.30 1.02 0.90 0.75 1.18 0.90 0.75

α-Guaiene - - - 0.23 0.25 0.15 0.26 0.20 0.10 0.37 0.30 0.30
α-Humulene 1.90 1.80 1.67 0.53 0.30 0.10 0.42 0.30 0.25 0.23 0.10 tr
(E)-β-Farnesene 0.50 0.40 0.42 0.33 0.30 0.20 - - - - - -
Germacrene-D 1.50 1.10 0.82 2.30 2.00 1.80 1.71 1.60 1.30 0.59 0.40 0.40
γ-Cadinene 3.20 3.00 3.01 0.53 0.50 0.45 0.66 0.60 0.50 0.40 0.40 0.30
β-Bisabolene 0.25 0.20 0.23 - - - - - - - - -
Nerolidol 0.37 0.30 0.30 0.15 0.15 0.10 - - - 0.13 0.10 0.15
Caryophyllene oxide 0.10 0.10 0.14 0.13 tr tr - - - - - -
α-Cadinol - - - 0.57 0.40 0.30 - - - 0.23 0.20 0.20

Table 3: Essential oil constituents in sweet basil cultivars under different levels of nitrogen fertilizer (based on percentage)

N1: (control), N2: 100 kg ha−1 urea , N3: 200 kg ha−1 urea and tr: trace amounts < 0.05 %
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essential oil extracted from the basil herb in the culti-
var Italian Large Leaf seven constituents, i.e. 1,8-cineole 
(8.14 - 8.40 %), linalool (41.9-44.8 %), methyl chavicol 
(30.7-37.0 %), eugenol (0.90-1.20 %), (E)-caryophyllene 
(2.20-2.80  %), trans-α-bergamotene (0.75-1.02  %) and 
germacrene-D (1.30-1.71  %) were the main constitu-
ents of essential oil (Table 3). Ten constituents including 
1,8-cineole (1.45-1.60 %), (E)-β-ocimene (1.14-1.20 %), 
linalool (39.0-40.1 %), α-terpineol (0.80-1.10 %), methyl 
chavicol (9.30-11.3 %), eugenol (2.80-3.21 %), β-elemene 
(0.90-1.03  %), methyl cinnamate (30.1-32.0  %), methyl 
eugenol (1.30-1.60  %) and trans-α-bergamotene (0.75-
1.18 %) were the main constituents of essential oil in the 
cultivar Thai (Table 3).

In order to monitor the change occurred in type 
and amount of essential oil’s constituents, their contents 
in different treatments were carefully assayed. The high-
est amount of 1,8-cineole (8.40 %) and linalool (44.8 %) 
were achieved by Italian Large Leaf cultivar and the ap-
plication of 200 and 100 kg ha−1 urea, respectively (Ta-
ble 3). Nurzyńska-Wierdak et al. (2013) reported that 
linalool concentration increased after the application of 
the medium rate of nitrogen fertilizer and subsequently 
decreased after the highest rate was applied. 

The highest amount of methyl chavicol (48.9 %) was 
achieved by Mobarakeh cultivar with the application of 
200 kg ha−1 urea; while the lowest (5.80 %) was obtained 
by Cinnamon cultivar without nitrogen fertilizer (Ta-
ble 3). The availability of nitrogen in chemical fertilizer 
seemingly increased methyl chavicol concentration com-
pared to other treatments. Zheljazkov et al. (2008) stated 
that nitrogen markedly changed the amount of linalool, 
eugenol, bornil-acetate and eucalyptol of essential oil of 
sweet basil. They continued that application of more ni-
trogen increased methyl chavicol while it decreased lin-
alool of essential oil.

The highest content of Z-citral (neral) (17.0  %), 
geranial (23.0  %), (E)-caryophyllene (4.90  %), trans-
α-bergamotene (1.80  %), α-humulene (1.90  %) and 
γ-cadinene (3.20 %) were observed by Mobarakeh cul-
tivar without nitrogen fertilizer (Table 3). Some of de-
tected constituents such as Z-citral (neral) and geranial 
were not observed in Cinnamon, Italian Large Leaf and 
Thai cultivars (Table 3). It appears that some factors like 
nutrient deficiency (especially nitrogen deficiency in the 
control treatment) could be considered as factors stimu-
lating production of these constituents. Main constitu-
ents of essential oil are affected by diverse factors: water 
stress, salt stress and nutrition deficiencies resulting in 
alteration of essential oil constituents (Ekren et al., 2012; 
Barbieri et al., 2012). Based on Nurzyńska-Wierdak et al. 
(2013), different levels of nitrogen was shown to have a 
significant effect on the main constituents in the essen-

tial oil of basil in such that the highest amount trans-
α-bergamotene in sweet basil was found by lowest level 
of nitrogen. Kordi (2017) reported that among different 
sources of nitrogen, the highest amounts of Z-citral (ner-
al), geranial, (E)-caryophyllene, trans-α-bergamotene 
and α-humulene were obtained by control (without ni-
trogen fertilizer).

One of the predominant components of the essen-
tial oil in Cinnamon and Thai cultivars was methyl cin-
namate. The maximum amount of methyl cinnamate was 
achieved by Cinnamon cultivar and applying 200 kg ha−1 
urea, while the highest amount of germacrene-D was 
obtained by Cinnamon cultivar without nitrogen ferti-
lizer (Table 3). In this regard, Kordi (2017) stated that the 
amount of germacrene-D decreased with increasing N 
supply. The highest content of eugenol (3.21 %) was ob-
served by Thai cultivar without nitrogen fertilizer. In all 
cultivars, the trend of eugenol changes was similar to that 
of germacrene-D in fertilizer treatments and amount of 
this compound decreased with increasing nitrogen con-
sumption (Table 3).

4 CONCLUSIONS

The results of the present study revealed that among 
different basil cultivars, Italian Large Leaf cultivar had 
the highest mean leaf dry mass, total dry mass, essen-
tial oil percentage and essential oil yield as compared to 
other cultivars. The lowest essential oil percentage and 
essential oil yield belonged to Mobarakeh cultivar. Ap-
plication of urea fertilizer significantly improved vegeta-
tive growth, resulting in increased yield. Except essential 
oil percentage, all parameters evaluated in this study in 
the first harvest were lower than those at the other har-
vests. The highest yield of essential oil was attained by 
100 kg ha−1 urea fertilizer; although no-fertilizer treat-
ment gave higher essential oil percentage than did nitro-
gen chemical fertilizer treatments, but 100 kg ha−1 urea 
fertilizer treatment gave higher essential oil yield. This 
can be justified as essential oil yield was mainly affected 
by agricultural yield rather than essential oil percentage. 
The highest concentrations of main constituents of essen-
tial oil, except methyl chavicol, 1,8-cineole and methyl 
cinnamate were obtained by control (without nitrogen 
fertilizer); and this indicated an increase in content of the 
most main constituents of essential oil under treatment 
without nitrogen fertilizer, as compared to its nitrogen 
chemical fertilizers. Due to the fact that in terms of total 
dry yield there was no significant difference between ap-
plication of 100 and 200 kg ha−1 urea fertilizer and the 
highest yield of essential oil belonged to 100 kg ha−1urea 
fertilizer and also reduce the consumption of chemical 
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fertilizers generating pollution, Italian Large Leaf culti-
var and application of 100 kg ha−1 urea are considered to 
access an acceptable agricultural yield and essential oil 
yield in sweet basil under environmental condition simi-
lar to Khorramabad.
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