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The objective of this study wasto determine some agronomic proper-
ties, essential oil ratio and composition of some varieties and different
sources of Ocimum basilicum L. landraces in Turkey. During 2002-
2003, field trials were conducted at Uludag University, Faculty of
Agriculture, Department of Field Crops, Bursa, in South Marmararegion
of Turkey. Four varieties and six landraces of Ocimum basilicum L.
were included in the study. Field trials were arranged in the complete
randomized block design with three replications. As a result of this
research, it was determined that the highest values of plant height (46.3
cm), green herb yield (4386.4 kg ha?), drug herb yield (867.8 kg ha?),
essential oil ratio (0.90 %) and essentia oil yield (8.02 L ha') were
obtained fromV-1. In addition, V-2 (0.88 %) and L R-5 (0.87 %) should
be taken into consideration in terms of essentia oil ratio. Taking into
consideration of the chemical composition, it could be stated that the
‘linalool’ chemotype was found 80 % (V-1, V-2, V-3,V-4, LR-1, LR-3,
LR-4 and LR-6), ‘ methyl eugenol/linalool’ chemotype was found 10 %
(LR-2) and ‘ methyl chavicol’ chemotype wasfound 10 % (L R-5) of the
investigated Ocimum landraces and varieties.

Key Words: Basil, Ocimum basilicumL., Drug herb yield, Essential
ail ratio, Essential oil composition.

INTRODUCTION

The Ocimum genus belonging to the Lamiaceae family is characterized by a
great variability both morphologically and chemotypically*. Basil, an aromatic plant,
was originated in North West India, North-East Africaand Middle Asia?. There are
many cultivarsof basil which vary intheir leaf sizeand colour (greento dark purple),
flower colour (white, red, lavander, purple), growth characteristics (shape, height,
flowering time) and aroma, making this plant an increasingly popular culinary and
ornamental herb®. Primarily a cross pollinating species, many cultivars of basil
easily intercross™ and several species of Ocimum can form interspecific hybrids’.
The taxonomy of Ocimum is complex due to interspecific hybridization and poly-
ploidy of the speciesin the genus’.
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Among all the species, OcimumbasilicumL. (basil or sweet basil) has the most
economic importance and is cultivated and utilized throughout the worl d®. Ocimum
species are widely cultivated and extensively used as spice, perfume, cosmetics,
insect repellent, medicine, in traditional rituals, as snuff and in food for their natural
aroma and flavour®™*. Traditionally, basil has been utilized for its stomach pain,
expectorant, diuretika, carminative and stimulant properties in folk medicine'?*,
The oils of basil have been used principally in the food and cosmetic industries™.
They have found wide application in perfumery, dental, oral products and confec-
tionery products, sausages and baked goods™*. The oil has antimicrobial®!’ and
antifungal activity*®. Populations of Ocimum basilicum L existing in nature world-
wide are examined in terms of agronomic characteristics and pharmacologic activities.
The cultivation of the medical plant O. basilicumL. has become more important in
recent years due to an increasing number of applications.

The purpose of the present work was to determine some agronomic properties,
essential ail ratio and composition of some variety and different sources of Ocimum
basilicumL. landraces in Turkey. This study will contribute to the knowledge of a
local product that could improve the use of Turkish basil.

EXPERIMENTAL

The research was conducted in the experimental field of Uludag University,
Faculty of Agriculture, Department of Field Crops, Bursa (40° 11' N, 29°04' E), in
South Marmara region of Turkey, in 2002 and 2003. The experimental field was
located in the coastal area of northwestern Turkey, which is 70 m above the sea
level. The soil isclay loam, slightly alkaline and rich in phosphorus and potassium
containing 1.8 % organic matter. The weather conditions during the experimental
period are presented in Table-1.

TABLE-1
TEMPERATURE, RAINFALL AND RELATIVEHUMIDITY VALUES OF LONG TERM
PERIOD (1928-2002) AND INDIVIDUAL EXPERIMENTAL Y EARS (2002, 2003)

Mean temperature (°C) Rainfal (mm) Relative humidity (%)
Month  Longterm Long term Long term

(1928-2002) 2002 2003 (1928-2002) 2002 2003 (1928-2002) 2002 2008
May 17.8 17.3 188 50.0 50.5 45.7 69.2 679 677
June 221 230 238 304 252 24 611 62.1 548
July 24.5 26.7 253 24.0 499 - 58.8 644 64.4
August 24.1 246 256 189 311 - 60.4 65.2 65.2
October 20.1 208 19.2 401 67.2 66.9 65.8 70.3 703
September 156 158 166 60.4 119.3 1251 721 752 752
Total - - - 223.8 343.2 240.1 - - -
Mean 20.7 214 216 - - - 64.6 675 66.3
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Plant material and growing conditions. Four varieties and 6 landraces of
Ocimum basilicum L. were included in the study. Commercial seeds of varieties
were purchased from a private company (Vilmorin) in Turkey. Six landraces of
Ocimum basilicum L. were provided from Gazi Osmanpasa University, Agriculture
Faculty, Field Crops Department, Herbs Garden. The seeds of 6 basil landraces
were collected from local farms and home gardensin Turkey’. The 10 basil varieties
and landraces used in this study arelisted in Table-2, aswell asthe common, scientific
names and some morphological characteristics of each one. For the transplanting
of seedlings, the seeds were sown at the beginning of February in to a mixture of
sand, manure and mulch (1:1:1) in greenhouse for every year. When basil seedlings
reached 10 cm plant height, they were transformed to the field on May 22 for 2002,
May 16 for 2003. Field trials were arranged in the complete randomized block
design with 3 replications. Seedlings were planted in 30 cm x 25 cm distances. The
plots were fertilized in both years with chicken manure (Organic Matter: 55.33 %,
N:3 %, P,0s:3.73 %, K»0:3.14 %, pH:6.58, Humidity: 12.2 %) before planting (4
kg ha®) and after every harvest (1 kg ha?). During the vegetation period, plotswere
irrigated whenever needed. Harvest was conducted manually by cutting the plants
ca. 10 cm above soil surface. V-4 and L R-6 were harvested two times, other varieties

TABLE-2
COMMON AND SCIENTIFIC NAMES OF SOME MORPHOLOGICAL PROPERTIES OF
THE BASIL VARIETIES AND LANDRACES

V&LR Source Common name  Scientific Name Stem colour

V-1 Vilmorin Sweet Basll O. basilicumL. Green

V-2 Vilmorin Sweet Basll O. basilicumL. Purple

V-3 Vilmorin L ettuce Basil O. basilicumL. Green

V-4 Vilmorin Bush Basil O. basilicumvar. minimum Green

LR-1 Toka-Erbaa  Sweet Basl O. basilicumL. Green

LR-2 Toka-T.ciftlik Sweet Basi O. basilicumL. Green

LR-3 Madatya Sweet Bas| O. basilicumL. Green

LR-4 Erzurum Sweet Basil O. basilicumL. Anthocyan

LR-5 Zonguldak Sweet Basl| O. basilicumL. Anthocyan

LR-6 Urfa Bush Basl| O. basilicumvar. minimum Green

Leaf colour Leaf Size Leaf Surface Inflorescences colour

V-1 Green Medium-Large Plain White

V-2 Dark Violet Medium Plain Purplish and Pink
V-3 Green Large Undulate White

V-4 Green Small Plain White

LR-1 Paegreen Medium Plain White

LR-2 Pdegreen Medium Plain White

LR-3 Anthocyan Medium Plain Purplish and Pink
LR-4 Dark green Medium Plain Purplish and Pink
LR-5 Green Medium Slight undulate White

LR-6 Green Small Plain White

V = Variety; LR = Landraces.
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and landraces were harvested 4 times a year during vegetation period at the full
flowering. Finally, harvested plants were air-dried in the shade at room temperature.

Extraction of essential oil: Theisolation of the essential oilsfrom the 20 g of
dry leaves, flowers and stems (aerial parts) were done by hydrodistillation for ca. 2 h
using modified clevenger-type apparatus. The essential oil rate was measured by
the volumetric method™ (v/w). The essential oils were stored in dark glass bottles
at 4 °C until analysis’. Essential oil content is expressed as percentage.

The components of these oilswere determined by capillary gasliquid chromato-
graphy The GC analyseswere carried out at the Central Laboratory of Ege University
using aCarlo ErbaFractovap Series 2350 gas chromatograph equipped with aflame
ionization detector. A glass column (3 m long, 3.18 mm internal diameter) packed
with 3 % OV-1 50 chromosorb 80/100-mesh was used. Carrier gas N, at aflow rate
of 25 mL/min. Each GC run lasted for 20 min. The oven temperature was i sothermal
at 110 °C whiletheinjector and detector temperatureswere 225 and 250 °C, respec-
tively. Peaks obtained from GC runs were identified using the retention times
obtained for reference standards (o-pinene, B-pinene, 1.8-cineole, linaool, camphor,
methyl chavicol, geraniol, eugenol, methyl eugenol). Relative content (%) of individual
constituents of the oil was proportionally calculated on the basis of the peak area
corresponding to each component. All essential oil analyses were done in triplicate.

Statistical analyses. All data were subjected to analysis of variance for each
character usng MSTAT-C (version 2.1, Michigan State University, 1991) and MINITAB
(University of Texas, Austin) software. The significance of basil varieties and
landraces were determined at the 0.05 and 0.01 probability levels, by the F-test.
The F- protected least significant difference (L SD) was calcul ated at the 0.05 prob-
ability level according to Steel and Torrie®.

RESULTSAND DISCUSSION

The analysisof variance indicated that years Significantly affected dl the characters.
It was determined that thefirst year had higher values than the second year statistically.
According to the data combined over 2 years, differences among basil varieties and
landraces were significant for all investigated characters (Table-3).

Agronomic characters

Plant height (cm): Plant height is an important morphologic and agronomic
character for herba plants. Thefirst year plant height reached to higher level (39.6 cm)
compared to the second year plant height (31.4 cm). Plant height of basil varieties
and landracesvaried from 23.8 (LR-6)-46.3 cm (V-1) (Table-3). Infield trials condu-
ctedin Italy®, Australia™ and Turkey®*%, plant height varied between 31.3-51.1 cm,
41-80 cm, 29.5-48.8 cm. Present results are in agreement with these previous studies.

Green and drug herb yield (kg ha'): Evaluating the green and drug herb
yield, it was determined that thefirst year had higher values (3818.7 and 655.4 kg ha")
than the second year (2592.2 and 488.4 kg ha), respectively. V-1 had the highest
green and drug herb yield (4386.4 and 867.84 kg ha) followed by V-4 (3716.5 and
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TABLE-3
AVERAGE VALUES AND GROUPS WITH RESPECT TO SOME AGRONOMIC AND
TECHNOLOGIC CHARACTERS IN COMBINED Y EARS (2002-2003)

Agronomic characters Technologic characters
V&LR Plant height ~ Green herb Drug herb | Essential il  Essentid il
(cm) yied (kg ha') yield (kg ha®) retio (%) yidd (L ha?)
V-1 46.3a 4386.4a 867.8a 090a 802a
V-2 331le 25955e 376449 0.88a 333c
V-3 25.0f 2700.1e 4355 f 0.68b 3.00d
V-4 423b 3716.5b 777.1b 041f 2.89de
LR-1 40.1c 3144.1d 533.7e 049e 260e
LR-2 38.7cd 3167.6 cd 551.6 de 050e 2.77 de
LR-3 3ATe 2658.1e 27.7f 0.62c 264e
LR-4 3HAle 26109e 446.1 f 0.57d 2.28f
LR-5 36.9d 3345.6c¢c 571.6d 0.87a 494 b
LR-6 23.8f 3729.3b 731.8c 051e 3.60c
LSD (0.05) 2.018** 178.7** 33.06** 0.03830** 0.3164**
YEAR
2002 396a 3818.7a 655.4 a 06la 404 a
2003 31.4b 2592.2b 488.4b 0.67b 317b

Means of the same column followed by the same letters were not significantly different at
0.05 level using LSD test; V = variety; LR = Landraces.

777.1kgha') and LR-6 (3729.3 and 731.8 kg ha™). The lowest green and drug herb
yield was obtained from V-3 (2700.1 and 435.5 kg ha?), V-2 (2595.5 and 376.4 kg
ha'), LR-4 (2610.9 and 446.1 kg ha') and L R-3 (2658.1and 427.7 kg ha) (Table-3).
Therelatively low yields obtained in 2003 may have been due to lower rainfall (240
mm) in thisyear than rainfall in 2002 (343.2 mm) (Table-1). Previous studies™*-*
under different ecological conditions with different basil genotypes and cultivars
have shown that green herb yield varied from 448-5045.6 kg ha* and drug herb
yield ranged from 188-1156.4 kg ha™. Besides, this disagreement may be dueto the
different varieties, lines and populations used in the experiments, different plant
densities, harvest number and also different cultural applications.

Technologic characters

Essential il ratio (%): It wasdetermined that essential oil ratio was higher in
the second year (0.67 %) than the first year (0.61 %). A wide range of essentia oil
ratio (0.41-0.90 %) was observed. The maximum essential oil ratio was obtained
from V-1 (0.90 %), V-2 (0.88 %) and L R-5 (0.87 %) while the minimum value was
recorded V-4 (0.41 %). Previous studies reported 0.3-1.5 % essential oil>"#-22+%",
The formation of secondary metabolites that are typical of the plants depends on
both genetic and environmental factors. Besides climatic conditions of the growing
site, particularly edaphic factors also play an important role in variation of these
secondary metabolites®”®*, The essential oil ratio and its components also varied
greatly depending on harvest periods and basil variety®*.
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Essential il yield (L ha®): The essentia oil yield varied from 2.28 L ha*
(LR-4)-8.02 L ha™ (V-1). V-lisat high levels both as arate of drug herb yield and
essentia oil, which leads this variety (V-1) to be the most efficient. Although the
rate of essential oil ishighinV-2 and V-5, the low-efficient drug herb yield of them
minifies the essential oil yield-efficiency to agreat extent. In close agreement with
previous studies™* was determined.

Essential oil compaosition: Ocimum basilicum shows variation in morphology,
chromosome numbers and essential oil composition and many different essential
oil chemotypes have been described®. The genus Ocimum undergoes abundant cross-
pollination resulting in large numbers of subspecies and varieties, which differ in
essential oil composition and morphological characteristics. Therefore, the taxon-
omy of the group is diffucult®. There are many commercial basil varieties having
different chemical properties’. Sheen et al.* stated that the plants of this species
generally present a fresh, minty and sweet flavour with linalool, methyl chavicol
and various sesquiterpenes being responsible for this.

The mean values and variation ranges of the essential oil composition in the
basil varieties and landraces are listed in Table-4. Oxygenated monoterpenes were
the major compounds in all chemotypes. Evaluating mean values of essential oil
composition, the samples showed considerable variation in the content of linalool,
methyl chavicol and methyl eugenol (Table-4). According to Grayer's chemotype
classification system™®, the chemotypes for the 10 basil varieties and landraces utilized
in this investigation were established and 3 main chemotypes and 5 subtypes were
identified (Table-5).

Linalool chemotype: This chemotype was characterized by high linalool contents.
Four varieties (V-1, V-2, V-3, V-4) and 4 landraces (LR-1, LR-3, LR-4, LR-6)
belonged to this chemotype. V-2 (82.69 %), V-4 (81.73 %), LR-3 (80.39 %), LR-1
(78.34 %) and LR-4 (75.32 %) exhibited the ‘linalool’ chemotype with linalool as
the most abundant component. Essential oil of LR-1 and L R-4 comprised of mostly
linalool (morethan 75 %) with little methyl eugenol. Therefore the linalool > methyl
eugenol subtypewere defined for these sample. Essential ail of V-1 and L R-6 contained
more than 55 % linalool. V-1 presented three major components which defined the
linalool > eugenol > 1.8-cineole subtype and L R-6 presented three major components
which defined the linalool > methyl eugenol > eugenol subtype. Essential oil of
V-3 contained more than 50 % linalool together with large amounts of methyl
chavicol. V-3 presented two major components, linalool and methyl chavicol and
the linalool > methyl chavicol subtype.

Linalool/methyl eugenol chemotype: Linaool/methyl eugenol chemotype
was characterized by approximately equal proportions of methyl eugenol and linalool.
Essential oil of LR-2 belonged to this chemotype. Methyl eugenol and linalool
contents of LR-2 were 46.10 % (43.87 % in 2002, 48.33 % in 2003) and 45.63 %
(49.23 % in 2002, 42.02 % in 2003), respectively. The major constituents, linal ool
and methyl eugenol, in LR-2 oil from plants grown in 2002 and 2003 were present
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TABLE-4
ESSENTIAL OIL COMPOSITION OF BASIL VARIETIES AND LANDRACES (%)
Concentration (%)
Compd. Year Varieties and Landraces
V-1 V-2 V-3 V4 LR1 LR2 LR3 LR4 LR5 LR6

2002 - - - - - - - - - -
o-Pinene 2003 - - 050 - - - - - - -
Mean - - 050 - - - - - - -
2002 122 093 068 - - - 029 023 073 075
B-Pinene 2003 164 131 100 - 049 - 038 - 103 -
Mean 143 112 084 - 049 - 034 023 088 0.75
18 2002 1022 773 728 118 064 088 227 124 6.69 809
i n cole 2003 1261 834 1090 206 361 115 398 227 862 637

Mesn 1142 804 909 162 213 102 313 176 766 7.23
2002 6510 8365 59.02 81.35 8337 49.23 8169 67.16 30.07 5289
Linalool 2003 66.13 8172 5223 8210 7331 4202 79.09 8347 3417 61.30
Mean 65.62 8269 5563 8173 7834 4563 8039 7532 3212 57.10
2002 058 060 043 - - - - 081 093 180
Camphor 2003 068 060 117 - 030 064 -

- 130 150

Mean 063 060 080 - 030 064 - 081 112 165

Methyl 2002 172 168 2403 470 090 099 377 240 5554 156
chavicol 2003 130 105 2363 154 226 157 618 076 4835 174
Mean 151 137 2383 312 158 128 498 158 5195 165

2002 149 093 - 377 114 - 050 097 164 279

Geraniol 2003 142 105 111 223 - - 08 - 076 443
Mean 146 099 111 300 114 068 097 120 361

2002 1378 263 312 407 - 181 787 443 387 1224
Eugenol 2003 1143 312 214 722 505 237 720 877 352 910
Mean 1261 188 263 565 505 209 754 6.60 370 10.67
2002 184 184 - 223 960 4387 512 1847 074 1379

xgte%ll 2003 110 212 069 253 929 4833 464 432 200 1558
Mean 147 198 069 238 945 4610 483 1140 137 14.69
TABLE-5
CHEMOTY PES OF 10 VARIETIES AND LANDRACES OF
Ocimum DETECTED IN TURKEY
\(s‘ Common and scientific name Chemotype Subtype
V-1 Sweet Basil (OcimumbasilicumL.) Linaool Linalool > Eugenal > 1.8-Cineol
V-2 Sweet Basil (OcimumbasilicumL.) Linaool -
V-3 Lettuce Basil (OcimumbasilicumL.) Linaool Linalool > Methyl chavicol
V-4 Bush Basil (Ocimumbasilicumvar. Linaool -
minimumL.)
LR-1 Sweet Basil (OcimumbasilicumL.) Linaool Linalool > Methyl eugenol
LR-2 Sweet Basil (OcimumbasilicumL.) Methyl eugenol/ —
Lindool
LR-3 Sweet Basil (OcimumbasilicumL.) Linalool -
LR-4 Sweet Basil (OcimumbasilicumL.) Linaool Linalool > Methyl eugenol
LR-5 Sweet Basil (OcimumbasilicumL.) Methyl chavicol Methyl chavicol > Lina ool
LR-6 Bush Basil(Ocimumbasilicumvar. Linaool Linalool > Methyl eugenol >

minimumL.) Eugenaol
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insimilar proportions (Table-4), indicating aresistance to weather-induced changes
in composition. Although methyl eugenol isused commercially as aflowering and
fragrance agent in food and perfume industries, there are concerns on its toxicity
because of its structural resemblance of carcinogenic estragole and safrole®.

Methyl chavicol chemotype: Methyl chavicol chemotype was characterized
by high methyl chavicol contents. Essential oil of LR-5 contained more than 50 %
methyl chavicol together with large amounts of linalool. The first main component
of LR-5was methyl chavicol (estragole) with 51.95 %. Linalool (32.12 %) wasthe
other important component followed by % 1.8-cineole (7.66 %). LR-5 presented
two major components, methyl chavicol and linalool and the methyl chavicol >
linalool subtype were defined.

Basil has been classified according to the different geographical origins. The
European chemotype, from Italy, France, Bulgaria, Egypt, Hungary and South Africa,
is considered to have the finest flavour and has linalool and methyl chavicol as
main components. The Exotic and Reunion chemotype from the Comoro Islands,
Thailand, M adagascar, Vietnam and occasionally in the Seychellesis characterized
by high concentrations of methyl chavicol. The Tropical and African chemotype
from India, Guatemalaand Pakistan isrichin methyl cinnamate®*® and achemotype
from North Africa and the former USSR is rich eugenol®.

High contents of linalool inV-1, V-2, V-3, V-4, LR-1, LR-3, LR-4, LR-6 indi-
cated that these varieties and |andraces could be considered as European originated
chemotypes. High contents of methyl chavicol with linalool in LR-5 could be con-
sidered as Exotic and Reunion chemotype with some influences of the European
chemotype. Approximately equal proportions of linalool and methyl eugenol con-
tent (LR-2) isamixture of European chemotype and methyl eugenol chemotypein
the Turkish basils.

Many investigators have studied the chemical composition of the essential oil
of basil and it has been found to be highly variable with linalool, methyl chavical,
eugenol and/or methyl cinnamate as the main constituents. On the basis of more
than 200 analyses of oils extracted from O. basilicum, Lawrance' established 4
essential oil chemotypes (methyl chavicol, linalool, methyl eugeneol and methyl
cinnamate) and also numerous subtypes®. Linalool has been reported as the major
constituent of the essentia oil of O. basilicumwith 37.7-60.2 %’ and 60.76-76.46 %**
in Turkey, 67.84-70.37 % in Republic of Guinea®, 41.56-49.48 in Japan'®, 41.17-
76.20 % in Italy®, 33.03 % in Colombia*. Methyl chavicol isacomponent commonly
found in basil varieties®. Chemotypes with high methyl chavicol contents have
been reported from Turkey’ with 60.3-76.3 %, Australia®® with 82.6-87.2 %, Japan™
with 50.48-82.79 %.

The chemical composition of the essential oils, determined by genotype are
mainly influenced by environmental conditions and agronomic techniques such as
harvest times and harvesting methods, basil varieties, plant parts, developmental
stage and method of extraction®3'43-%4_Fyrthermore, the variation in chemical
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composition of basi| oilsisthought to be due to polymorphism in Ocimum basilicumL.,
which is caused by interspecific hybridization. Apart from botanical characterization
of the polymorphism, this species could be classified into distinct chemotypes,
with many subtypes based on biosynthetic pathways of major compounds in the
oils'. Moreover, Nacar and Tansi** reported that plant to plant variation among the
same variety was, however great, which can be due to the fact that basil plants are
easily cross pollinated if having opportunity. Seeds of the same origin are also
reported to produce varying oil composition if cultivated under different conditions.

Conseguently, the highest values were obtained from V-1, in terms of yield and
essential oil ratio. It was concluded that V-1 could be successfully grown in Bursa
ecological conditions. In addition, V-2 and L R-5 should be taken into consideration
interms of ratio of essential oils. Concerning the chemical composition of examined
Ocimum landraces and varieties used in this studly, it could be stated that the linal ool
methyl eugenol/linalool and methyl chavicol chemotypes were found 80, 10 and
10 %, respectively.
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