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Abstract

Morphology, phenology and essential oil composition variations were analysed in germplasm
accessions of sweet basil (Ocimum basilicum L.), an important medicinal and aromatic crop.
Significant variations were observed for morphological and essential oil traits. All the fourteen
accessions studied could be characterised as ten morphotypes ObC-A through ObC-J. Chemotypic
indexing resulted in assigning three chemotypes namely, linalool, methyl chavicol and methyl
cinnamate types on the basis of major oil component. Linalool chemotype could also be
subgrouped into four subtypes as significant differences were observed in minor components too.
Three phenological types were also defined based on genotype performance during different
seasons.
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Introduction netic diversity is an important parameter utilised
for crop improvement either by selection or
breeding. The nature and extent of genetic vari-
ability is of great relevance to make strategic as-
sessment of future approaches in genetic im-
provement (Simmonds 1962), in monitoring
germplasm during maintenance (Moore &
Collins 1993), and its utilization and manage-
ment (Dwivedi et al. 1995, 1997). The present
study aims at characterizing genetic variations
at morphotypic, chemotypic and phenological
levels that will in turn be useful in taking opti-
mum advantage of the conserved germplasm
and its proper management.

Sweet basil (Ocimum basilicum L. family
Lamiaceae) is a widely cultivated species in tropi-
cal and warm temperate regions of the world.
The plant is an aromatic herb /undershrub used
in spices, perfumery, cosmetics, insect repellants,
traditional medicines etc. and is also grown for
ornamental purposes (Jain & Jain 1973; Dube et
al. 1989). The plant also has been reported to pos-
sess antiseptic and antineoplastic properties
(Fatope & Takeda 1988; Darokar et al. 1998). The
plant is mainly autogamous, but high degree of
cross pollination (up to 25%) has also been re-
ported in some cultivars (Tesi et al. 1991; Nation
et al. 1992). The plant possesses wide range of ~Materials and methods
genetic variability as observed through differ-
ences in plant morphology and oil composition
(Anon. 1966; Darrah 1974; Grayer ef al. 1996). Ge- Seeds of fourteen accessions of sweet basil

Plant material
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(Ocimum basilicum L.) were collected from dif-
ferent regions and also from the National Gene
Bank for Medicinal and Aromatics Plants
(NGBMAP), CIMAP, Lucknow (India). Seeds
were sown in autoclaved clay saucers of size 37.5
cm diameter and 10 cm depth in a mixture of
sand, soil and farmyard manure in the ratio of
1:2:1and germinated under glasshouse condi-
tions during the months of December and April
0f 1997-1999 for two successive generations prior
to their transplanting in the field. The seedlings
having 6 - 12 cm height were transplanted in well
fertilized plots with a spacing of 50 cm between
and within rows in a randomised complete block
design (RCBD) with atleast three row replications
of seven plants each for every accession. Obser-
vations were recorded on five plants in each rep-
lication for the duration of flower initiation, mid-
flowering, full bloom, early seeding and late
seeding, and for nine morphological traits viz.
plant height, length of internode (stem), leaf area,
leaf shape/surface, leaf colour, stem colour, in-
florescence length, length of internode
(penduncle), flower colour at the time of flower
intiation and full bloom.

Essential oil extraction and analysis

Oil was extracted from 100 g freshly chopped
green biomass sampled from plants of different
accessions through hydrodistillation technique
using a Clevenger type apparatus (Clevenger
1928). Gas liquid chromatography (Hewlett
Packard-5890; Series II) of the essential oil
samples was performed for determining the es-
sential oil composition based on differential
melting points of oil constituents. Oil sample of
0.1 pl was injected into the gas liquid chroma-
tography column of dimension 15 m x 0.53 mm.
N, was used as a carrier gas at 2ml min ! flow
rate. The oven temperature was programmed
from 60°C to 220°C @ 6°C min ™ with 2 min and
5 min initial and final hold, respectively. Injector
and detector temperatures were maintained at
200°C and 220°C, respectively. The retention time
of individual standard component was used for
identification of their respective peaks. Area per-
centage calculation under the peaks represent-
ing the percent of that oil constituent was
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recorded and used for germplasm characteriza-
tion.

The data were analysed for the analysis of vari-
ance (ANOVA) by the standard statistical pro-
cedure for randomised complete block design
(Federer 1955) for calculating mean values, stan-
dard error of means and critical difference (CD)
at 0.05 and 0.01 probability levels for each quan-
titative trait. Based on the significance of varia-
tion in their morphological/essential oil charac-
teristics, the plants were characterised as
morphotype or chemotype.

Results and discussion
Plant morphology

Significant morphological variations were ob-
served for all the traits studied (Table 1). Plant
height ranged from 41 cm (Ob-P) to 79 cm (Ob-
N) and the stem internodal length ranged from
1.45 cm (Ob-P) to 4.80 cm (OC-19). Significant
differences in leaf and inflorescence morphology
were also observed (Fig. 1a & b). A great degree
of variation was observed in leaf size with leaf
area varying from 2.6 cm? (Ob-P) to 9.4 cm? (OC-
19). Leaf surface could be differentiated into
smooth and wrinkled and leaf shape showed
variation from almost flat to spoon shaped or
with curved margin. The inflorescence
(penduncle) length ranged from 6.8 cm (Ob-P)
to17.0cm (OC-23,0C-12,V M,, OC-16 and OC-
10) and flower whorls were either densely or
sparsely arranged on it with peduncle internodal
length ranging from 0.4 cm (V,M, and Ob-P) to
1.3cm (V,M)). Variability of stem, leaf and flower
colour was also observed among the germplasm
due to the presence of variable degree of put-
plish anthocyanin pigmentation.

All the fourteen accessions were categorised as
ten morphotypes that were easily distinguish-
able based on their morphological features
(Table 2). Except for the morphotypes ObC-A and
ObC-I, which had 3 accessions each (OC-23, OC-
12,V M and OC-10,0C-24, OC-25, respectively),
all the other morphotypes included one acces-
sion each. Darrah (1974) reported eight
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a

b

Fig. 1. Variability in Ocimum basilicum germplasm
accessions a. leaf morphology b. inflorescence
morphology

morphotypic variants in O. basilicum from wide
germplasm collections. The variants mostly var-
ied in leaf and inflorescence morphology and
also had variation in aroma and flavour. Later,
Darrah (1980) grouped O. basilicunm germplasm
into four broad categories based on plant height,
bushiness and leaf size. Borodkin & Girenko
{1982) observed variation in habit, foliar and flo-
ral characters in 80 varieties of O. basilicum and
grouped them into 8 groups, which were further
classified into three types on the basis of antho-
cyanin pigmenation. Intraspecific diversity in
any crop is primarily recognized as variation in
plant morphology. These morhotypic variations
can be used for characterizing genetic diversity,
although indirectly, and have previously been
successfully employed in cotton (Singh & Gupta
1968), rice (Maurya & Singh 1977), pearl millet
(Singh et al. 1981), faba bean (Khare & Singh
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1992), periwinkle (Dwivedi et al. 2000) and in
several other crops.

Phenology

The accessions could be grouped into three types
based on their relative performance, (i) those
which grew and flowered best in summer (OC-
12, OC-16, OC-19, OC-23, OC-61, OC-62, VM,
V.M, V.M, and Ob-P); (ii) those which grew and
flowered best in rainy season (Ob-N) and (iii)
those which grew and flowered best both in sum-
mer and rainy seasons (OC-10, OC-24 and OC-
25).

Chemotypic profiling

Highly significant variations in the oil content
and essential oil composition were recorded in
the present study (Table 3). Oil content (v/w) in
the flowering tops on fresh weight basis (FWB)
varied from 0.25% (Ob-P) to 0.70% (OC-10). Of
the five major oil constituents recorded, linalool
content ranged from 14.18% (OC-10) to 75.60%
(V,M,)and methyl chavicol content ranged from
0.11% (V,M,) to as high as 76.60% (OC-10). Me-
thyl cinnamate was maximum (53.20%) in Ob-N
and it was less than 1.0% in all other accessions.
Eugenol content in the germplasm varied from
1.88% (OC-24) t0 22.65% (OC-61) and 1-8 cineole
ranged from 1.41% (OC-24) to 19.07% (V,M,).
Based on the oil profile data analysis, three
chemotypes namely, Linalool type, Methyl chavicol
type and Methyl cinnamate type were defined
(Table 4). Linalool type was assigned to those
plants that yielded oil rich in linalool (45-75%).
Simliarly, Methyl! chavicol types and Methyl
cinnamate types were assigned to those plants
that yielded oil rich in methyl chavicol (65-78%)
and methyl cinnamate (45-53%), respectively.
The present investigation also revealed signifi-
cant variation in oil content and oil compsition
of O. basilicum (Table 3). Of the fourteen acces-
sions, ten accessions were characterized as Lina-
lool types and one accession (Ob-N) and three
accessions (OC-10, OC-24 and OC-25) were char-
acterized as Methyl cinnamate and Methyl chavicol
types, respectively.

Large variations in oil composition of O. basilicum
(7 chemotypes) have been reported earlier and
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Table 2. Morphotypes of Ocimum basilicum as defined through differences in their morphological
characteristics

Morphotype  Accession(s) Characteristics

ObC-A 0C-23,0C-12, Medium stature plant with spoon shaped, curled medium sized,

V.M, bright green leaves. Inflorescence long with white flower petals
and sparsely arranged flower whorls.

ObC-B OC-61 Medium stature plant with flat, smooth, medium sized dull green
leaves. Inflorescence of medium length with white flower petals
and densely arranged flower whorls.

ObC-C 0C-62 Medium stature plant with dorsally concaved, smooth, medium

sized, bright low green leaves. Inflorescence of medium length with pur-
plish white flower petals and sparsely arranged flower whorls.

ObC-D OC-16 Medium stature plant with flat, smooth, medium sized bright green
leaves. Inflorescence long with white flower petals and very densely
arranged flower whorls

ObC-E V.M, Medium stature bushy plant with flat, smooth, medium sized bright
green leaves. Inflorescence long with white flower petals and very
densely arranged flower whorls.

ObC-F V.M, Medium stature bushy plant with almost flat, smooth, medium sized
dark green leaves. Inflorescence of mediumn length with purplish
white flower petals and very densely arranged flower whorls.

ObC-G Ob-P Dwarf bushy plant with almost flat, smooth, green leaves. Inflo-
rescence of short length with white flower petals and very densely
arranged flower whorls,

ObC-H OC-19 Tall plant with dorsally concaved (margin downwardly curved) or
flat, large sized bright green leaves. Inflorescence long with white
flower petals and densely arranged flower whorls.

ObC-I 0OC-10, 0OC-24, Medium stature bushy plant with flat, small sized dark green leaves.

0C-25 Inflorescence of medium length with purplish white flower petals
and densely arranged flower whorls,

0ObC-J Ob-N Tall plant with spoon shaped, curled/flat, medium sized bright light

green leaves. Inflorescence of medium length with purplish white
flower petals and densely arranged flower whorls.

Plant height: Dwarf-35-50 cm, Medium-55-70 cm, Tall->70 cm
Inflorescence length : Short- 6-10 cm, Medium-10-14 cm, Long >14 ¢m
Flower arrangement (penduncle internodal length): Very dense- 0.4-0.6 cm, dense 0.7-0.9 cm, sparse >0.9 cm
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Table 3. Variation in essential oil content and composition among accessions of Ocimum basilicum
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Accession oil Linalool Methyl Meihyl Eugenol 1-8-
No. content (%) chavicol cinnamate (%) cineole
(%) (%) (%) (%)

0C-23 0.48 53.42 00.89 00.20 10.64 15.82
0C-12 0.45 60.38 00.70 00.13 09.30 14.98
V.M, 043 52.49 00.65 00.18 08.75 16.95
0C-61 0.33 54.20 00.36 00.15 20.54 03.29
0C-62 0.33 67.77 00.25 00.16 11.08 07.93
OC-16 0.38 51.18 00.60 00.18 09.88 12.28
V,M, 035 66.23 00.39 00.15 13.95 06.67
V,M, 035 73.66 00.18 00.20 07.48 06.58
Ob-P 0.25 4751 00.67 00.22 08.87 06.15
oC-19 0.35 55.67 00.77 00.14 08.58 16.65
ocC-10 0.70 16.70 76.19 00.14 03.56 03.03
0C-24 0.68 20.25 65.75 00.11 02.83 02.49
0C-25 0.68 19.70 68.23 00.12 03.35 03.31
Ob-N 0.60 16.53 4.83 51.59 05.63 05.05
SEM 0.0} 01.99 00.91 01.16 00.85 00.55
CD(P=0.05) 0.03 05.79 02.67 05.47 02.46 01.59
CD(P=0.01) 0.04 07.65 03.51 07.24 03.25 02.10

Table 4. Chemotypes of Ocimum basilicum

Chemotype

Accession (s)

Oil constituents (v/v)

Major

Minor

Linalool type

Subtypes

a) Hyper linalool
subtype

b) High linaloo! +
cugenol subtype

¢) High linalool + 1, 8-
cineole subtype

d) Linalool subtype

Methyl chavicol type

Methy! cinnamate type

0C-23,0C-12, V,M,, OC-
61, 0C-62, OC-16, V,M,,
V,M,, OC-19 and Ob-P

27

0C-62, V,M, and V,M,

OC-61

0OC-12, OC-16,0V-19, OV-

23 and V M,

Ob-P

Linalool (45-75%)

cineole (2-20%); Eugenol

(5-22%)

Linalool (>65%), Eugenol
(6-13%) and 1, 8-cineole (5-9%)
Linalool (52-56%)+ Eugenol

(18-22%)

Linalool (50-65%)+1, 8- cineole

(10-20%)

Linalool (45-55%)+ Eugenol

1,8 -

Methyl chavicol (<1.5%);
Methy! cinnamate

(<1.0%)

113

0C-10, OC-24 and OC-25

Ob-N

and 1, 8- cineole (<10%)

Meihyl chavicol (65-78%);

Linalool (13-22%)

Methyl cinnamate (45-53%);

Linalool (14-19%)

Eugenol (1-5%); 1, 8
cineole (1-5%)

Methyl chavicol (4-6%)
Eugenol (5-7%); 1, 8
cineole (4-6%)
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have been utilised as a chemical index of fine
classification (Vimalan et al. 1990). Lawrence
(1992) made extensive studies on basil and on
the basis of chemical composition and morpho-
logical variation, he recognized four distinct
chemotypes of O. basilicum along with numer-
ous subtypes. The present investigation also led
to the identificaiton of four subtypes of linalool
chemotype namely, hyper linalool, high linalool
+ eugenol, high linalool +1, 8- cineole and lina-
lool subtypes, based on differences in eugenol
and 1, 8- cineole concentration among the acces-
sions belonging to this chemotype (Table 4). High
linalool + 1, 8- cineole subtype included maxi-
mum number of accessions (OC-12, OC-16, OC-
19, OC-23 and V M) followed by hyper linalool
subtype with three accessions (OC-62,V,M, and
V,M.). High linalool + eugenol and linalool sub
types included one accession each (OC-61 and
Ob-P, respectively). The variations in essential
oil composition and quantity are due to genetic
factors and also depend on certain environmen-
tal factors that influence genetic experession. Sev-
eral other studies have also depicted similar
variations in major oil constituents of Ocimum
species (Fleisher 1981; Vernin et al. 1984; Tesi et
al. 1991). Grayer et al. (1996) recognized five ba-
sic essential oil profiles in O. basilicum. The geno-
types, characterised as distinctive chemotypes
could be hybridized in different patterns to de-
velop chemotypes for their specificindustrial ap-
plications. Several secondary metabolites are
produced in plants that have no apparent role
within the primary production system of plants.
However, these secondary compounds are re-
sponsible for wide chemical diversity seen in
plants. Their role in evolution system has also
been predicted by providing relative fitness i.e.,
the capacity to outperform its competitors within
the ecosystem (Swanson 1995).

References

Anonymous 1966 Ocimum Linn. (Labiatae). In:Wealth
of India Vol. 7 (pp. 79-89). Council of Scientific
and Industrial Research, New Delhi.

Borodkin A S & Girenke M M 1982 Variation in the
characters of Ocimum basilicum L. and estab-
lishment of interspecific type. Trdy PO

Singh et al.

Prikladnoi Botanike Genetike L. Selekitsu. 72
1 69-78.

Clevanger | F 1928 Apparatus for determination of
volatile oils. J. Amer. Pharm. Assoc. 13 : 346.

Darokar M P, Mathur A, Dwivedi S, Seth R, Khanuja
SP S & Kumar 51998 Detection of antibacterial
activity in floral petals of some higher plants.
Curr. Sci. 75 : 187-189.

Darrah H H 1974 Investigation of the cultivars of basils
(Ocimum). Econ. Bot. 28 : 63-67.

Darrah H H 1980 The Cultivated Basils. Thomas
Buckeye Printing Co. Independence, Missouri.

Dube S, Upadhayay P D & Tripathi S C 1989 Antifungal,
physicochemical and insect repelling activity
of the essential oil of Ocimum basilicum. Can.
J. Bot. 67 : 2085-2087.

Dwivedi S, Sharma A & Kumar S 1997 Conservation,
enhancement and utilization of medicinal and
aromatic Plants - CIMAP’s Experience. In:
Souvenir & Abstracts - South Asian Countries
Seminar on Medicinal Plants, Nov 9-12, Patna
(pp-1.) Bhartiya Chiktsa Aevam Sodh Sansthan,
Patna .

Dwivedi S, Sharma A, Singh A K & Sushil Kumar 1995
Medicinal plants biodiversity and conserva-
tion : role of a gene bank. In : Mehta SP,
Mehtam S & Singla P (Eds). Industry Meet-
Cum Seminar on Biodiversity and Information
on Medicinal and Aromatic Plants (pp.64)
Publication & Information Directorate, New
Delhi.

Dwivedi S, Singh M, Singh A P, Sharma S, Uniyal G
C & Kumar S 2000 Assessment of genetic
divergence for its purposeful exploitation in
periwinkle Catharanthus roseus (Apocynaceae).
]. Genet. & Breed. 54 : 95-99.

Fatope M & Takeda Y 1988 The constituents of the lea-
ves of Ocimunt basilicum. Planta Medica 54 : 90.

Federer W T 1955 Experimental Design: Theory and
Application, The McMillan Company, New
York.

Fleisher A 1981 Essential oils from two varieties of
Ocimum basilicum L. grown in Israel. ]. Sci.
Food Agric. 32 : 1119-1122.

Grayer R ], Kite G C, Goldstone F J, Bryan S A, Paton
A & Putievsky E 1996 Intraspecific taxonomy
and essential oil chemotypes in sweet basil
Ocimum basilicum. Phytochem. 43 : 1033-1039.

Jain SR & Jain M L 1973 Investigations on the essential
oil of Ocimum basilicim. Planta Medica 24 : 286-
289,



Variability in sweet basil

Khare D & Singh C B 1992 Divergence analysis in Vicia
faba L. for nutritional and antinutritional at-
tributes. Ind. J. Genet. 52 : 58-62.

Lawrence B M 1992 Progress in essential basil oil.
Perfumer and Flavourist 17 : 47-50.

Maurya D M & Singh D P 1977 Genetic divergence in
rice. Ind J. Genet. 37 : 394-402.

Moore G A & Collins G B 1993 New challenges
confronting plant breeders. In: Tanksley S D
& Orton T} (Eds.). Isozymes in Plant Breeding
and Genetics, Part A (pp. 25-58). Elsevier
Science Publisher EV, Amsterdam.

Nation R G, Janick J & Simon | E 1992 Estimation of
outcrossing in basil. Hort. Sci. 27 : 1221-1222.

Singh R B & Gupta M R 1968 Multivariate analysis of
divergence in upland cotton (Gossypium
hirsutum L). Ind. J. Genet. 28 : 151-155.

Singh Y R, Kumar A & Chauhan B P S 1981 Genetics
divergence in pearl millet. Ind. J. Genet. 41 :
186-190.

Simmonds N W 1962 Variability in crop plants, its uses
and conservation. Biol. Rev. 37 : 422-465.

57

Swanson T 1995 Diversity and sustainability: evolu-
tion, information and institutions. In: Swanson
T (Ed.) Intellectual Property Rights and
Biodiversity Conservation (pp.1-16). Cam-
bridge University Press, Cambridge.

Tesi A, Paolucci B & Nencini A 1991 Breeding basil
(Ocimum basilicum L.). 1. Floral biology and
reproduction. J. Sementi Elette 37 : 31-35.

Vernin G, Metzer J, Vernin G, Fraisse D, Suon K N &
Scharff C 1984 Analysis of basil oils by GC-
MS data bank. Perfumer and Flavourist 9 : 71-
86.

Vimalan A K, Sadanandan K, Philip M P, Natrajan N,
Murugeshan M & Damodaran N P 1990
Profiles in Indian essential oils : Essential oil
composition as a chemical index of fine classifi-
cation of selected oleoginous botanical speci-
es. In : Bhattacharya S C, Sen N & Seth K L
(Eds.), Chemistry, Analysis and Structure Vol.
4 (pp. 181-188). Aspect Publishing, London.



