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L.) genotypes grown in sodic soil.
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Abstract: A field experiment was conducted in sodic soil (pH2 9.3) during rainy seasons for three years 
(2005-2008) to evaluate diverse accessions of sweet basil (Ocimum basilicum  L.) for 15 plant traits, herb
and oil yields, oil quality and to know physiological limits of salt tolerance. The chemical profiling of
oil for about 50 compounds revealed that the accession CSLT5 was of the linalool chemotype yielding
more than 60 % linalool in its oil whereas CSLT13 and CSLT9 can be classified as methyl chavicol
chemotypes yielding 68 % and 56 % of methyl chavicol respectively. CSLT 12 and CSLT 12-1 were
found as Bulgarian types which yielded more than 41 % of methyl chavicol and 29 % of linalool with
appreciable content of methyl cinnamate. Pronounced inter- and intra-genotypic differences for other
important mono- and sesqui- terpenes as well as oil yields in these genotypes were noticed. LC50 values
of Na+ ions in the selected genotypes indicated that CSLT12 is physiologically more salt tolerant. The
paper presents  morpho-chemical characterization, herb and oil yields obtained from different plant parts
of basil genotypes and discusses potential for harnessing genotypic attributes in this promising crop for
oil production and quality for enhanced productivity in sodic soils.
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INTRODUCTION

Sweet basil (Ocimum basilicum L) is a rich source
of essential oils and is cultivated for medicinal,
aromatic and culinary purposes in many countries. On
the basis of geographical origin and oil constituents,
basil types are classified into four groups [3]. However
O. basilicum (French or Sweet Basil) is perhaps the
only species grown for commercial purpose and is
native to East Africa [8,9].  The commercial types for
oils purpose are mostly known as European, French or
Sweet Basil, Egyptian, and Reunion or Comoros basils.
The principal constituents found in the oil of
commercial cultivars of  Ocimum basilicum include
linalool, methyl chavicol,  methyl cinnamate, eugenol
and methyl eugenol besides other important fractions.
The essential oils of basil are used to flavor foods,
dental and oral products in fragrances and in traditional
rituals and medicines . Extracted essential oils have also
been shown to contain biologically-active constituents
that are anti-microbial and insecticidal, vermifugal, anti-
malarial, anti-tubercular and anti-ulcergenic activities [4].
Soil sodicity caused by excess amounts of carbonate
and bicarbonate contents mostly of  sodium (Na+) is an

important edaphic factor that limits land productivity
for agricultural purposes. Soil sodicity reduces the yield
through its influence on physical and hydrological
properties of the soil nutrient imbalance and often
excess sodium uptake leading to its toxicity. Inter- and
intra-specific variations in tolerance to sodicity stress
particularly in cereals are better known and harnessed
[7]. Numerous reviews also explain the physiological
and molecular bases of salt tolerance in plants [5]. The
present study was conducted on oil yield, detailed
morphological and chemical characterization and to
know the salt tolerance limits of different Ocimum
basilicum genotypes raised in sodic soils.

MATERIALS AND METHODS

The basil genotypes were grown on moderately
sodic soil (pH2 9.3) during the 2005 and 2008 rainy
seasons at Shivri Research Farm of Central Soil
Salinity Research Institute (CSSRI), Lucknow (U.P.),
India & other trail location. The location is at 26o48´ N
and 80o 46´ E and 118m above the MSL. The area
represents semi-arid subtropical climate characterized
by hot summer and fairly cool winter with mean
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annual rainfall of 950 mm most of which occurs
mainly during June-September. The surface soil was
fine, sandy loam, deep mixed hyperthermic poorly
drained ustic moisture regime. It represented moderate
sodicity with pH (1:2 soil water extract) 9.3, ECe 0.82
dS m-1 and exchangeable sodium percentage of 25.
Regarding fertility status, organic carbon @ 1.2 g kg-1

and available N, P and K of 130, 11.3 and 265 kg ha-1

respectively were found natively.
A total of 11 basil germplasm lines were collected

from different sources in India and other countries.
However on the basis of intra-genotypic uniformity, 5
lines were selected for the present study (Table 1).
Thirty five days old seedlings of these accessions were
planted in raised beds   at a spacing of 50 cm x 30
cm.  These genotypes were replicated three times in a
randomized block design. Uniform doses of N and
P2O5 @ 120 and 60 kg ha-1 respectively were applied
in the form of urea and single super phosphate. Half
dose of N and entire dose of P2O5 were given as basal
application and the remaining half dose of N was
applied 50 days after transplanting. Standard
recommended agronomic practices were followed
throughout growth period for raising the crop.

For herbage and oil yields, the crop was harvested
at full flowering stage in the last week of October.
Leaf and inflorescence parts were isolated for recording
separate biomass yields and oil production. The
essential oil content of the fresh herbage was estimated
by hydro distillation using Clevanger’s apparatus. The
oil yield was calculated by multiplying the oil content
with fresh herbage weight and expressed as litre ha-1.
The quality of the oil was determined by gas
chromatograph (Parkin Elmer model) using FID and 50
m  x 0.32 mm x 0.25 μm PE-5 column oven
temperature programmed from 100 to 280 0C increased
@ 3 0C/min and hydrogen as carrier gas at the Central
Institute of Medicinal and Aromatic Plants, Lucknow.
Injector and detector temperatures were 2500 and 280
0C respectively. Identification of the oil constituents
was based on retention time of standard compounds.

Second experiment was conducted in the year 2006
with two selected basil germplasm (CSLT 13: highest
oil yielder and CSLT12: highest herbage yielder) in a
pot culture. Surface soil samples of varying soil pH2

(8.9, 9.1, 9.3, 9.5, 9.7 and 9.9) were collected from the
experimental farm of CSSRI Shivri Farm, Lucknow
and each treatment was replicated 4 times. 10 kg soil
was filled in the pot. A uniform dose of N (120kg ha-1)
and P2O5 (60 kg ha-1) were applied through urea and
SSP, respectively. 2.33 g urea and 3.35 g SSP were
applied per pot. Half dose of N and entire dose of P
was applied as basal dose and remaining dose of N
was applied 55 days after transplanting. Thirty five
days old seedling was planted in each pot. Irrigation

was applied as and when needed. Leaves were
collected at full flowering stage for sodium and
chlorophyll estimations.  The leaves were sliced and
heated up to for 10 minutes at 80oC in aqueous ethanol
(80 % v/v). Absorbance was recorded at 645 and 663
nm on Spectronic- 20 spectrophotometer. Chlorophyll
concentrations were estimated according to Arnon [1].
Glacial acetic acid was added to the samples raising
the final concentration to 100 mol m-3 and the extracts
boiled for 2 h and sodium was estimated by the flame
photometer. Leaf after extraction was dried and
weighed (ethanol insoluble dry weight) to provide a
basis for comparison of sodium and chlorophyll content
in the leaf samples.

RESULTS AND DISCUSSION

Genotypic Characterization: The traits exhibiting
pronounced inter-varietal differences were plant height,
number of primary and secondary branches, stem and
inflorescence weight, flowering days, inflorescence
number, main inflorescence length, whorl
number/inflorescence, inflorescence colour, stem and
leaf colour (Table 1). Inflorescence traits accounted for
about 50% differences among strains. Leaf size of
CSLT 9 and CSLT 13 was found to be relatively lesser
than other three strains tested. In all, morphological
traits viz. number of primary and secondary branches,
clustered inflorescence, colors of stem, leaf and floral
parts classified CSLT9 and CSLT 13 into one distinct
group. The other strains appeared as three different
types. It is also noteworthy that CSLT 12-1 a
secondary selection made from CSLT 12 showed
marked differences particularly for quantitative traits
whereas qualitative traits were almost similar compared
to the mother population.

Leaf and Inflorescence Yield: At full blooming, fresh
leaf and inflorescence yields were recorded separately
(Table 1). Leaf yield varied from 3.73 to 6.10 t ha-1 in
CSLT12-1 and CSLT12 respectively. Similarly,
inflorescence yield ranged from 2.82 t ha-1 in CSLT12-
1 to 5.33 t ha-1 in CSLT9. Maximum total shoot yield
was recorded in CSLT12 (11.32 t ha-1) which was
statistically at par with   that of CSLT9 and CSLT 13. 

Oil yield: Regarding oil production, CSLT13 proved
significantly highest oil yielder producing 64.50, 24.67
and 89.17 litre ha-1 respectively in the leaves,
inflorescence and total herb (Fig 1). CSLT9 and
CSLT12 were at par with each other in the second
order after CSLT13. In general, biomass as well as oil
yields were higher in the leaves than obtained from
inflorescence parts. The data showed that though
CSLT9, CSLT13 and CSLT12 were similar in herb
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yield, CSLT13 recorded almost double the oil yield
than other two lines. This clearly shows that the higher
biomass yield may not always translate into higher oil
yield and economic returns.

Regarding oil content as expressed in percent of
fresh shoot weight basis it is good to find that
genotypes differed quite widely in the herb part (0.23 
% in CSLT 5 to as high as 1.19 % in CSLT13) as
shown in Fig.2. However this spectrum was quite
narrow for inflorescence part (0.27 % in CSLT5 to
0.49 % in CSLT13). On overall basis CSLT13 also
recorded the maximum oil content (1.68 %) followed
by CSLT12-1 (1.22 %) and CSLT 9 (0.84 %) whereas
CSLT 5 recorded the least content (0.50 %) under
tested sodicity conditions.  

Chemical Profile of the Oil Composition: The oil
extracted from inflorescence as well as leaves of
genotypes was scanned for the presence of nearly 50
compounds. However for the sake of brevity, data of
33 main compounds having major amounts are
presented here (Table 2).

Major Compounds: The genotypes showed
preponderance of linalool, methyl chavicol, methyl
cinnamate, methyl eugenol and geraniol. However quite
wide variation in terms of their percentage was
observed among strains. Linalool content varied from
as low as 22% in CSLT13 (leaf) to 63% in CSLT5
(inflorescence). In general, linalool content was slightly
higher in inflorescence than leaves.  Notably, methyl
chavicol (%) varied significantly between genotypes
ranging from as low as 3% in CSLT5 to as high as
71% in CSLT13.  The high oil yielding genotypes
CSLT9 and CSLT13 also showed higher percentage
(more than 50%) of methyl chavicol.

Furthermore, except CSLT12 all other strains
showed higher contents of methyl chavicol in the herb
part than floral parts.  CSLT12 and its selection
CSLT12-1 showed higher levels of methyl cinnamate. 
Only CSLT5 possessed relatively higher levels of
methyl eugenol in its leaf (2.41%) and inflorescence
(4.69%). Similarly this line showed much higher
amounts of geraniol in its herb as well as floral parts
(3.50 %) than other strains. This line also showed
preponderance of camphor in leaf (1.00 %) and
inflorescence (0.46%).

Minor Mono-terpene Compounds: Of the 13 mono-
terpenes, b-myrcene, limonene, ocemene, neral and a-
bisabolane were noticed in appreciable quantities.
Nevertheless, genotypes showed wider variations. 
CSLT5 exhibited highest percentage of b-myrcene (2.41
%) followed by CSLT 12-1 (0.73 %), CSLT 9 (0.65

%) and CSLT12 (0.57 %) in the herb part whereas
their floral parts were relatively deficient for this
attribute. CSLT5 also showed relatively higher amount
of ocimene (1.69 %), limonene (0.48%) and a-
terpinalene (0.25%). Among other strains CSLT9,
CSLT12 and CSLT 12-1 had more traces ( > 0.50%)
of b-myrcene. The ocimene content was also
pronounced in CSLT9, CSLT12-1 and CSLT12 though
it was higher in their leaves (> 1.20%) than floral parts
( >0.59 %). CSLT12-1 deposited highest bornyl acetate
(1.15%) whereas all other lines were devoid of this
constituent.

The higher oil yielding lines CSLT9 and CSLT13
also exhibited more traces of neral noticeably in the
leaves (0.60 %) than inflorescence.On the contrary,
CSLT13 (3.32 %), CSLT9 (1.60%) and CSLT12-
1(1.44%) showed more accumulation of a-bisabolene in
the floral parts than herb. Morphologically, all these 3
lines showed longer inflorescence and more no. of
whorls/inflorescence thereby indicating the possible
association of these traits with higher amount of a-
bisabolene.

Sesqui-terpene Compounds: Among genotypes,
CSLT5 exhibited exuberance of g-cadenene (> 4.17%),
b-caryophyllene (> 2.33 %) and germacrene-D (> 2.13
%) in both leaves and inflorescence. The accessions
CSLT12 and CSLT12-1 were having lower
concentrations of these 3 compounds. Interestingly, the
higher oil yielding lines CSLT9 and CSLT13 showed
less to negligible traces of these constituents mainly in
the floral organs. On the contrary, both these lines
showed higher amounts of geranial (> 0.50 %) which
could not be noticed in other lines. For a-humulene,
CSLT5 and CSLT9 showed appreciable amounts (>
0.50 %) mainly in the inflorescence parts whereas other
lines were quite low in this constituent. Similarly
bergamatine compound was appreciably noticed (> 0.50
%) in the herb and inflorescence of CSLT12 and
CSLT12-1 and in the inflorescence of CSLT13.

Leaf Sodium, Chlorophyll and LC50 : The scattered
diagram (Fig 3 ) showed that  the chlorophyll content
decreased with increase in the Na concentration in
leaves. The LC50 value for Na is defined here as mean
Na concentration in individual leaves having more than
50 per cent of chlorophyll compared to non sodic 
healthy leaves. LC50 in CSLT12 was found higher than
that of CSLT13 indicating that the former possesses a
fairly high degree of tissue tolerance to Na. The linear
regression equation for the leaves of CSLT13 and
CSLT12 accounted for about 87 and 95 per cent
variability respectively.
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Table 1: Morphological traits of the basil genotypes grown in sodic soil of pH2 9.3
Genotype CSL 5 CSLT 9 CSLT 13 CSLT12-1 CSLT 12 CD (0.05)
Plant height (cm) 39 49 46 47 47 1.69
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Plant girth (cm) 1.35 1.56 1.36 1.42 1.48 0.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Primarybranches/plant 20 18 19 15 25 3.54
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Secondary branches/plant 75 112 106 61 92 14.76
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Green stem wt.(g) 84 108 74 69 83 11.98
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inflorescence wt.(g) 76 88 81 56 84 7.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Days to flowering 61 58 68 64 65 2.09
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inflorescence no./plant 107 100 60 65 145 16.54
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Main inflorescence length (cm) 10.36 15.84 16.89 15.5 5.52 2.87
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Leaf yield (t ha -1) 4.88 5.80 5.40 3.73 6.10 1.98
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inflorescence yield (t ha -1) 4.72 5.33 5.05 2.82 5.22 1.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inflorescence color Green Purple Purple Black Black -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flower color White Purple white Purple white White White -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stem color Green Purple Purple Black Black -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Leaf color Light green Dark green Dark green Light green Light green -

Table 2: Chemical constituents (%) in the leaf (L) and inflorescence (I) oil of basil genotypes grown in sodic soil of pH2 9.3.
Genotype  CSLT 5 CSLT 9 CSLT 13 CSLT 12-1 CSLT 12

---------------------- ------------------------ ------------------------ ------------------------ ----------------------------
Compound (%) L I L I L I L I L I
Linalool 60.96 63.60 26.31 34.59 22.58 24.62 30.94 28.99 36.43 34.86
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methyl chavicol 3.76 ND * 61.51 50.66 71.14 65.54 44.06 41.82 43.02 51.45
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methyl cinnamate 0.47 2.59 0.52 0.25 ND 0.02 10.69 12.37 5.05 0.19
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methyl Eugenol 2.41 4.69 0.18 0.78 0.02 0.10 0.58 0.91 0.92 0.72
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Geraniol 3.49 5.32 0.24 0.16 0.04 0.05 0.11 0.13 0.06 0.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3-octinol 0.21 0.19 0.08 0.08 ND ND 0.10 0.02 0.07 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18-cineole 1.40 ND 0.46 0.17 ND ND 0.50 0.22 0.42 0.38
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α-terpineol 0.33 ND 0.15 0.11 0.08 0.14 0.12 0.12 0.12 0.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cis-3-Hexenol 0.22 0.09 0.07 0.05 0.03 0.03 0.07 0.02 0.03 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eugenol 0.09 0.10 0.38 0.11 0.17 0.04 0.06 ND 0.04 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Camphor 1.00 0.46 0.17 0.20 0.03 ND 0.37 0.34 0.41 0.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α -Pinene 0.14 0.06 0.06 0.07 0.02 0.10 0.06 0.06 0.05 0.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Camphene 0.08 0.04 ND 0.20 ND ND 0.04 ND 0.04 0.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α -myrcene 2.41 0.35 0.65 0.19 0.07 0.11 0.73 0.19 0.57 0.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phellandrene 0.06 ND 0.13 0.18 0.04 0.37 0.06 0.17 0.05 0.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
p-cymene 0.11 0.09 0.07 ND ND 0.01 0.06 0.03 0.07 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2: Continue
Limonene 0.21 0.48 0.07 0.06 ND 0.03 0.06 0.06 0.08 0.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ocimene 1.69 0.00 1.19 0.59 0.29 0.40 1.23 0.76 1.27 1.14
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α -terpinalene 0.25 0.16 0.06 0.07 0.03 0.04 0.08 0.07 0.10 0.08
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
γ -terpinene 0.06 ND ND ND ND ND ND ND ND ND
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Neral ND 0.09 0.92 0.43 0.65 0.20 0.19 0.09 0.00 0.16
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bornyl acetate ND ND ND ND ND ND ND 1.15 ND ND
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Geranyl acetate ND ND ND ND ND ND ND ND ND 0.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α -bisabolene 0.20 0.13 0.44 1.60 1.08 3.32 0.28 1.44 0.27 0.29
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bergamatine 0.18 ND 0.37 ND ND 0.71 0.45 0.63 0.67 0.54
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
β -caryophyllene 4.23 2.33 0.95 0.82 0.32 0.71 2.46 2.90 3.62 3.08
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
α -humulene 0.37 0.65 0.30 0.95 0.20 0.42 0.18 0.44 0.23 0.21
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Geramacrene-D 2.13 3.64 0.73 2.26 0.32 1.04 0.44 1.64 0.90 0.86
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Caryophyllene oxide ND 0.06 ND 0.06 ND ND ND ND ND ND
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
γ -cadinene 5.11 4.17 0.94 1.20 ND 0.06 1.28 1.80 1.70 1.57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Geranial 0.06 0.14 1.27 0.60 0.85 ND 0.25 ND ND 0.21
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bergamoline ND 0.23 ND ND 0.32 ND ND ND ND ND
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sabinene ND ND ND 0.05 0.08 0.03 0.08 ND 0.05 ND
*  ND: Not detected 

Fig. 1: Oil yields of different plant organs of basil lines 

Discussion: Among aromatic and medicinal crops,
sweet basil seems a fitting crop due to its relatively
higher tolerance to sodic soil. Sodicity tolerance can be
harnessed and incorporated through suitable parents by
recombination breeding in basil as exemplified by its
genetic improvement for other abiotic [6] and biotic [3]

stresses.
European types are cultivated in Europe, USA and

Africa which are rich in linalool (about 40%) and

methyl chavicol (25%). Reunion types are rich in
methyl chavicol (85 %) and traces of linalool owe their
descent from Reunion, Comoros and Madagascar.
Genotypes possessing higher content of methyl
cinnamate in addition to above compounds are native
of Bulgaria, Sicily, Egypt, India, Haiti and Africa. The
fourth eugenol rich type originated from Java, erstwhile
USSR, Seychelles and Morocco.
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Fig. 2: Percent (%) oil content in basil genotypes in sodic soil 

Fig. 3: Relation between sodium and chlorophyll in the leaves of two promising germplasms of sweet basil grown
on sodic soil

High linalool content in basil oil is a desirable
attribute and fetches better price. In the present study,
CSLT13 and CSLT 9 (Reunion types) were found more
oil yielding and adaptable to sodic soil but their oil
was found relatively lower in the  linalool content
(Table 3). Reunion basil oil contains little or no

linalool and because of its more harsh and woody
aroma it is relatively cheaper than other chemotypes.
On the other hand, CSLT 5 showing lowest oil yield
recorded maximum content of linalool (>60%) both in
the herb and floral parts. This calls for combining the
attributes of higher oil yield performance with more
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linalool content. Efforts could be made to pyramid
these traits together through crossing CSLT5 with
adaptable CSLT13 and CSLT9 genotypes followed by
further selection of recombinants. As noticed in present
study, screening amongst 25 basil genotypes for
chilling tolerance in a previous case association of
higher methyl chavicol with chilling tolerance is
indicated (Ribeiro and Simon  2007). It was observed
that  CSLT12-1 contains 11.21 % of methyl cinnamate
which is of interest to the perfume industry. 

The field experimentation revealed the higher fresh
herb production in three genotypes CSLT12, CSLT9
and CSLT13 in sodic soil. However CSLT13 recorded
highest and almost double oil yield than CSLT 9 and
CSLT12 which indicated that phenotypically looking
higher herbage yield does not always result in a higher
oil yield and economic returns. High oil yielding
CSLT13 and CSLT9 were classified as methyl chavicol
types (Reunion type) yielding 68 % and 56 % of
methyl chavicol respectively. Higher per cent of methyl
chavicol in Indian oils of Ocimum basilicum is
reported. CSLT5 was of the linalool chemotype
(European type) yielding more than 60 % linalool in its
oil whereas CSLT 12 and CSLT 12-1 are found as
Bulgarian types which yielded more than 41 % of
methyl chavicol and 29 % of linalool with appreciable
content (>5.00 %) of methyl cinnamate. The present
results also indicated that within the Bulgarian
chemotype CSLT12,intra-varietal differences in the
progenies for morphological and commercial traits of
herb and oil yield under sodic soil could also be
noticeable as recorded in CSLT12-1.

Differential occurrence and distribution of essential
oils was noticed across genotypes and plant organs.
Linalool content was slightly more in the  inflorescence
than herb part in the European (CSLT5) and Reunion
(CSLT9 and CSLT13) types but it  was reverse in case
of Bulgarian types (CSLT12-1 and CSLT12). However
methyl chavicol was concentrated more in the herb part
in all genotypes except CSLT12. Methyl cinnamate was
found more in the  Bulgarian types than European type
whereas Reunion types were almost devoid of it. As
far as secondary fractions are concerned, methyl
eugenol, geraniol and germacrene-D were noticeably
higher in the European type CSLT5 though their
concentrations were distributed more towards floral
parts in almost all genotypes. Similarly, CSLT5 also
exhibited more contents of g-cadinene, camphor, 1-8-
cineole and 3-octinol particularly in the leaves whereas
other lines showed very little presence. Reunion types
exhibited more concentration of a-bisabolene though its
concentration was more in the floral parts in almost all
types. European and Bulgarian types also expressed
more content of b-caryophyllene particularly in their
herb parts. Similarly presence of other important

fractions like b-myrcene, ocimene,  p-cymene and   a-
terpinalene was confined in the herb part in all the
genotypes in the present sodic conditions.

CSLT5 exhibited distinctly green inflorescence and
stem colour as compared to other lines which could be
correlated with the higher contents of methyl eugenol,
geraniol and camphor. Similarly CSLT13, CSLT9 and
CSLT12-1 possess longer inflorescence and more no.
of whorls/inflorescence thereby indicating the possible
association of these traits with higher amount of a-
bisabolene under sodic stress conditions. In the alkali
soil, characterization for about 17 traits indicated the
classification of germplasm lines into morphological
groups which was substantiated by chemical
characterization. The present yield analysis across
lowest and highest yielding genotypes indicated that
increase of almost double fresh herb yield whereas
three times that of oil yield and oil content (%) can be
achieved with proper choice of basil varieties in sodic
soils. Presently, LC50 values of Na for the highest oil
yielding CSLT13 and highest herbage yielding
germplasm CSLT12 indicates that the later possesses
higher LC50 value and this tolerance trait can be
combined with the former to achieve higher tolerance
and oil yield together in a single genotype. Similarly,
Reunion types seem better adaptable whereas oil
quality rich European type was found to be sensitive
under sodic soil. Traditional breeding supplemented
with recent molecular marker technology can achieve
these different attributes together in a single genotype. 
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