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Abstract

Palmarosa (Cymbopogon martinii var. motia) is an important essential oil-bearing plant that is used worldwide in the
soap, perfumery and cosmetic industries. It is a highly cross-pollinated crop and can be propagated sexually through
seeds or clonally by slips. The main objective of the present investigation is to collect populations of palmarosa
from different parts of India, to analyse the variability present within and between population, to study the correlation
of different traits and to select the best performing clones in terms of growth, herbage and essential oil yield for
raising the best performing clones in polycross nursery. The seeds of seven populations/varieties were collected
from various parts of India and two hundred seedlings of each population were raised and transplanted to the field at
the ICAR-Directorate of Medicinal and Aromatic Plants Research, Anand, Gujarat, India. Observations on individual
plants performance viz., plant height, number of tillers, dry herbage yield and essential oil yield were analysed for five
harvests which were taken over a period of two years. For plant height, a maximum frequency of 32 per cent was
recorded from 141 t0150 cm in PRC-1, whereas, for the number of tillers it was 31.88 per cent from the Bengaluru
collection that was between 81 and 110 tillers. Fresh and dry herbage yield showed a significant positive correlation
with plant height, the number of tillers and oil yield. The correlation between dry herbage yield and the number of tillers
was maximum (0.761), followed by dry herbage yield and essential oil yield (0.563) and the number of tillers and oil
yield (0.417). Interestingly, a significant correlation of oil yield with plant height and number of tillers gives an indication
that the improvement of the traits will not only increase the dry herbage yield but also increase the essential oil yield.
Based on the performance of individual clones out of 642 clones evaluated, the best fifteen clones were selected
based on the dry herbage and essential oil yield and named as DCM-1 to DCM-15. These clones were further utilized
for raising polycross nursery.
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INTRODUCTION

Palmarosa (Cymbopogon martinii [Roxb.] Wats. var.
motia Burk.), also known as Russa/Rosha grass, Barbed
wire grass, Fever grass, Silky heads, Hierba Luisa etc.
yields aromatic oil of commercial value. It is a cash crop
in India (Kavya Dashora and Gosavi, 2013) that can
adapt to varied edapho-climatic conditions and occurs
generally in the tropics and subtropics (Sangwan et al.,
2001). The flowering tops and leaves of the plant have
essential oil which is rich in geraniol, geranyl acetate and

linalool (Smitha and Rana, 2015). It is commonly used in
the perfumery, soap, and cosmetic industries because its
aroma is similar to that of rose (Sahu et al., 2000; Verma
etal., 2010). Geraniol in palmarosa oil provides antifungal
and antibacterial properties (Bard et al., 1988). Palmarosa
is native to India and naturally grows in the forests of
Andhra Pradesh, Karnataka, Tamil Nadu, Maharashtra,
Madhya Pradesh, and Uttar Pradesh. Apart from India,
it is cultivated in Brazil, Bulgaria, Paraguay, Madagascar,
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Guatemala, and Indonesia (Sahu et al., 2000; Singh and
Kumar, 2000; Verma et al., 2010). It can be cultivated
in problematic areas with soil sodicity with three to four
times more profit than the cultivation of rice and wheat
(Prasad and Patra, 2004; Gogi and Deka, 2015). India
is the key producer and supplier of Palmarosa oil to
the global market which is being exported to about 19
countries, including the United States, France, and the
Philippines (Anonymous, 2010). Earlier, India had its
monopoly in palmarosa oil production, which has now
facing competition with Bulgaria, Guatemala and Brazil.

Initially, the palmarosa plants from the wild were used
for the extraction of oil, but they had lower oil yield and
inferior quality due to the inherited genetic heterogeneity,
out crossing and ecological evolution. The need for quality
palmarosa oil production and its increased demand
in national and international market has restricted the
distillation from wild sources and the distillers demanded
good seeds, which gradually attracted the attention of
scientific workers and plant breeders to investigate the
ways to improve this crop.

Palmarosa with diploid chromosome number 2n=20 is a
perennial grass, dark green colour leaves, fibrous shallow
roots, culms erect, 1 to 2 m height, nodes swollen and
glabrous. Ithas25t0 35 per cent hermaphrodite flowers
and the rest being staminate florets in the inflorescence.
Pollen fertility varied from 84 to 96 per cent in staminate
and hermaphrodite flowers. Seed setting was 15 per cent
in self, 50 to 64 per cent in open pollination confirms
that it is a highly cross-pollinated species (Srivastav
and Srivastav, 1988). Because of this reason, a lot of
variations for different quantitative and qualitative traits
have been reported.

As palmarosa can be multiplied through seeds as well
as clones, clones vs seed progeny selections have been
reported by several workers. Sahu et al. (2000) evaluated
85 clonal lines and selected 19 clones and compared
them with the selections made at various research
organizations in India. RRL(B)-77 and IW-31245 were
found to be suitable for various environmental conditions.
PRC-1 is a comparatively early maturing strain that could
be further improved for its oil yield potential. Selections
RRL (B)-77,1W-31245, PRC-1, HR-49, CI-77-1, IW-3631,
ODP-1, ODP-2, IW-4498 and C-3 are now being cultivated
in different parts of India. The stabilized palmarosa clonal
selections had recorded narrow ranges of variation
for most of the traits. But the out crossing among the
selected genotypes could be used for creating further
variation and population improvement programmes. A
high yielding polycross variety Trishna was released
from CSIR-CIMAP, Lucknow, through mass selection
(Sharma et al., 1987).

Mass selection is the oldest and simplest form of
recurrent selection breeding method that involves
cyclic breeding procedure intended to improve traits

of populations especially in cross pollinated crops like
palmarosa. However, the effectiveness of this method
depends on the heritability of the traits (Gardner, 1961).
The usefulness of this method of breeding has been
related to yield, earliness, ear height and ear length in
corn (Weyhrich et al., 1998; Burton and Widstrom, 2001).
Many success stories have been reported in field crops
like maize (Rosulj et al., 2002; Dudley and Lamert,
1992; Misevic et al., 1989; Sprague and Brimhall, 1950
and Sprague et al., 1952) utilised a variation of mass
selection and reported increased oil content per cycle of
selection for five years in maize. In this direction, in the
present investigation, certain modifications were made in
the mass selection procedure and efforts were made to
improve the palmarosa for herbage and oil yield.

MATERIAL AND METHODS

The seeds of seven populations were collected from
different parts of India and used in the study. These
populations and their sites of collections were: V, =
Anand, Guijarat, India, V, = Udaipur, V, = PRC-1, CIMAP,
Lucknow, V, =Amravati, Maharashtra, V, = Vadtal, Gujarat,
V, = Bengaluru and V, = Indore, Madhya Pradesh. At
each site, random samples of 100 g seeds were collected
during summer, 2009. From each selection, seedlings
were raised in the nursery beds during the monsoon (June
2009). When the seedlings were one month old, randomly
selected 200 seedlings each individual selections were
transplanted into the main field at a spacing of 60 x 60 cm
in separate plots during July 2009 at the ICAR-Directorate
of Medicinal and Aromatic Plants Research (DMAPR),
Anand, Gujarat, India. A considerable effort was made to
maintain the plant stand by regular gap filling at the initial
stages. However, many plants could not able to withstand
due to repeated harvesting/other uncontrollable reasons
and at the end of the second year, the final plant stands
in each selection was; V1=131, V2= 33, V3=43, V4=103,
V5=135, V6= 138 and V7=59. At the time of planting and
after each harvesting farmyard manure was applied @
20 t/ha. All the plant production and protection measures
recommended to have a healthy crop were followed.

During the initial period of establishment, the growth
was very slow and was able to take up the first harvest
at eight months after planting at the full flowering stage.
The subsequent harvests were done at a regular
interval of three months i.e., 11, 14, 17 and 20 months
after planting depending upon the growth of the plant at
different seasons. Harvesting of the crop was done at the
full flowering stage by cutting the individual clump 15 cm
above the ground and allowed the remaining clump for
ratooning. In total, five harvests were taken over a period
of two years (2009-10 and 2010-11). At each harvest,
observations on individual plants performance plant
height (cm) and the number of tillers, dry herbage (kg/
plant) and essential oil yield (g/plant) were recorded.

The shade dried aerial parts from each plant including
leaves, stem and inflorescence (200 g each) were
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hydro-distilled for 3 hrs in Clevenger type apparatus.
The distillate was then evaporated with diethyl ether and
then it was dried over anhydrous sodium sulphate and
ether was evaporated on a gently heated water bath.

was performed on a GC/MS (Focus-PolariQ) Benchtop
lon Trap Mass spectrometer with ZB-5 capillary column
(30 m x 0.25 mm i.d., film thickness 0.25 ym) (Adams,
2007). Collected data were subjected to two-way (‘clone

x season’) ANOVA related to the experiment. The
genetic parameters like phenotypic correlation analysis
were done using standard procedure. The analysis of
variance for different observations and traits was done

The oil content per plant was expressed as % w/w on
a dry weight basis. The essential oil yield per plant was
estimated by multiplying oil content per plant and its dry
weight and expressed as g/plant. Essential oil profiling

Table 1. Mean performance of varieties (V) for different morphological traits and oil yield at different months
after planting (MAP)

Harvest Average of five harvests
Population 4« 2nd 3 4th g5th Mean Range Mode Median Variance Skewness
[Variety  april,  July, October, January, April,
2010 2010 2010 2011 2011
(8 MAP) (11 (14 MAP) (17 MAP) (20
MAP) MAP)
Plant Height (cm)
V1 179.28 179.31  166.71 159.89 153.57 167.75 124.6-2024 1714 169.8 266.79 -0.47
V2 162.48 159.18 167.03 14161 100.73 146.21 111.8-177.0 162.2 147.0 411.95 -0.35
V3 140.07 142.26 160.81 147.58 141.34 14641 113.8-169.2 160.8 147.0 179.42 -0.41
V4 14515 160.02 166.66 15155 139.47 15257 104.0-1854 137.4 153.0 224.50 0.064
V5 152.79 169.47 166.19 159.97 164.19 162.52 106.2-192.4 161.2 162.8 274.26 -0.71
V6 150.24 165.77 152.46 163.81 166.33 159.72 115.8-194.6 151.6 161.9 250.79 -0.48
V7 169.84 161.22 170.75 17153 166.71 168.01 137.4-1984 164.6 169.0 211.84 0.038
Mean 157.12 162.46 164.37 156.56 147.48 157.60 104.0-202.4 158.46 158.64 259.94 -0.33
Number of tillers per plant
V1 84.02 96.35 190.00 156.02 114.66 128.21 39.2-290.0 62.20 118.80 2534.29 0.87
V2 145.84 163.24 246.06 268.33 208.06 206.30 113.4-282.8 163.25 198.60 2501.40 0.068
V3 101.63 129.60 278.14 259.33 217.26 197.19 69.8-290.0 200.00 20440 2579.45 -0.54
V4 65.52 117.09 185.55 140.32 132.34 128.29 30.6-251.4  39.60 124.80 2032.71 0.363
V5 53.02 97.90 168.97 146.88 137.11 120.77 22.6-231.2 117.00 118.60  1408.96 0.306
V6 4329 82.63 148.77 150.41 107.49 106.52 31.8-237.0 120.40 102.00 1617.29 0.90
V7 40.89 8049 174.93 147.80 134.75 11577 37.4-2456 11320 116.40 2153.14 0.72
Mean 76.32 109.61 198.92 181.30 150.24 143.29 22.6-290.0 116.87 112.33  1726.46 0.64
Dry herbage yield (kg/plant)
V1 0.26 0.39 0.55 0.34 0.37 0.38 0.07-1.14 0.21 0.31 0.048 1.34
V2 0.34 0.64 0.95 0.68 0.47 0.62 0.15-1.14 0.96 0.60 0.077 0.23
V3 0.22 0.3 0.84 0.7 0.7 0.55 0.13-1.05 0.16 0.48 0.070 0.267
\Z 0.14 0.25 0.52 0.37 0.42 0.34 0.07-1.03 0.26 0.31 0.037 1.656
V5 0.13 0.22 0.32 0.33 0.41 0.28 0.48-0.87 0.17 0.26 0.019 1.145
V6 0.08 0.15 0.37 0.27 0.3 0.23 0.04-0.71 0.22 0.21 0.012 1.47
V7 0.12 0.14 0.49 0.33 0.35 0.29 0.09-0.69 0.18 0.26 0.022 0.937
Mean 0.18 0.30 0.58 0.43 0.43 0.38 0.07-1.14 0.322 0.352 0.041 0.976
Essential oil yield (g/plant)
V1 0.78 2.6 4.95 3.12 2.91 2.872 0.11-9.08 0.22 1.1 9.76 1.87
V2 1.03 1.51 3.23 2.56 2.04 2.07 0.38-7.96 0.37 1.02 9.01 1.20
V3 3.63 5.58 7.23 6.23 5.37 5.61 0.21-9.10 1.36 3.20 13.04 1.07
V4 3.56 3.81 4.08 3.96 3.67 3.82 0.16-9.07 247 247 9.43 1.14
V5 1.31 2.08 3.12 22 21 2.16 0.09-9.08 1.41 1.36 4.15 2.05
V6 1.32 2.55 3.75 2.49 2.38 249 0.13-9.03 0.31 0.31 10.00 3.81
V7 1.87 2.71 3.89 3.33 2.74 2.91 0.05-9.06 0.13 1.55 5.70 2.41
Mean 1.93 2.98 4.32 3.41 3.03 3.13 0.05-9.08 0.95 2.1 11.58 1.94
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by using statistical software SAS 9.2 and the results
were presented at 5% level of significance (P = 0.05).
The critical difference (CD) values were calculated and
compared with treatment means (Anon., 2008).

RESULTS AND DISCUSSION

A total of 1200 clones from 7 populations were planted
and evaluated for four traits viz., plat height, the number
of tillers per plant, dry herbage yield, and essential oil
yield per plant. The mean values for five harvest made
at different intervals are presented in Table 1. Variation
was observed within and between germplasm for all the
traits (Fig.1). Similar significant variations have been
already reported in this crop by various workers (Sahu et
al., 2000; Verma et al., 2010). Such significant variations
are highly desirable to the plant breeders to develop high
yielding varieties. The variance was the highest for the
number of tillers followed by plant height, essential oil
and dry weight. The variability among the plants of each
germplasm and between the germplasm is expected, as
the plants were raised using seeds as planting material,

that are genetically heterogeneous and heterozygous
in nature as these seeds were obtained from cross
pollination between heterozygous and heterogeneous
parent plants. Plant height ranged from 104 to 202.4 cm,
the shortest plant was from V4 and the tallest plant was
from V1. The minimum number of tillers (22.6 per plant)
was recorded in a plant of V5, whereas, the maximum of
290 tillers per plant in a plant of V1. Amongst the seven
germplasm accessions, V6 had the plant with the lowest
herbage yield (0.04 kg/plant) and a maximum of 1.14
kg/plant was recorded in V1 and V2, respectively. The
essential oil yield ranged from 0.05 (V7) to 9.08 ml/plant
(V1).

The variance for plant height was ranged from 179.42 to
274.26 (V5), for tillers. It was from 1408.96 (V5) to 2579.45
(V3), for dry herbage yield 0.012 (V6) to 0.077 (V2),
whereas, for oil yield, it was between 4.15 (V5) and 13.04
(V3) (Table 1). The mean modal class was 158.46 for
plant height and the minimum was from V4 (137.40) and
the maximum was from V1 (171.4). Similar variation was
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Fig. 1. Variation within and between germplasm for morphological traits and oil yield in palmarosa (mean over five harvests

done over a period of two years)
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observed for the other three traits also. For skewness,
all germplasm (except V7) had negative values. On the
other hand, all had positive values (except V3) for the
number of tillers per plant. The maximum skewness
value of 3.81 was recorded in V6 for oil yield and the
minimum value of -0.71 for plant height in V5.

For plant height, the maximum frequency of 32 per cent
was recorded between 141 and 150 cm in V3, whereas,
for the number of tillers it was 31.88 per cent in V6 that
was between 81 and 110 tillers (Fig.2). For dry herbage
yield, the maximum per plant i.e., 66.67 per cent was
recorded under 0.10-0.25 kg/plant by V6. However, V1
had a maximum percentage of plants (55%) under 0.1-
0.3 g/plant for essential oil yield. From the present study,
there exist variations between the germplasm accessions
for all the four traits studied. Out of 7 collections, V3
i.e. the collection from CIMAP Lucknow showed more

desirable plants with higher values for the traits studied.
For most of the germplasm, the maximum expression for all
the traits was obtained in the third harvesti.e., 14 months
after planting that coincides with the September month.
The trend was gradually increasing in the beginning till 3
harvest and gradually decreasing thereafter till 5" harvest.
It indicates that initially, the repeated harvest increases
the plant height and the number of tillers, the dry herbage
yield. After that rationing ability of the mother plant reduced
as evident from reduction in all these parameters. This
can very well be correlated with the weather parameters
high rainfall, high relative humidity, lower minimum and
maximum temperature and low evapo-transpiration as
compared to the harvest done in other seasons and the
third harvest was immediately after the rainy season
(October). It indicated that the weather factors played a
major role in the expression of these traits (Smitha and
Rana, 2015).
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Fig. 2. Frequency distribution of different parameters of seven populations (average of five harvests)

The association between the four traits studied at each
harvest is given in Table 2. The correlation values are
changing at each harvest within and between traits. In
every harvest, the dry weight of the plant was significantly
correlated with plant height, the number of tillers and
fresh herbage yield. Only in the first harvest number of
tillers had a significant correlation with plant height (0.3),

indicating that in the initial stage of seedling growth these
traits depend on each other and later stage they are not
significantly dependent on each other. The correlation
between dry herbage yield and the number of tillers was
maximum (0.761), followed by dry herbage yield and
oil yield (0.563) and the number of tillers and oil yield
(0.417) and were significant. Plant height had a positive
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and significant correlation with dry herbage yield but
non-significant and low values with the number of tillers
and oil yield. For plant height, the correlation between
different days after harvesting is non-significant (except
between harvest at 8 and 11 months after planting) and
values ranged from 0.03 to 0.38. For the number of tillers,
the correlation between different dates of the harvest
was ranged from 0.35 to 0.53 and significant (Table 3).
The number of tillers per plants is the most important
traits followed by plant height and hence, considered as
selection criteria in the palmarosa breeding programme.
The results are in conformity with Sabesan et al. (2009)
in rice wherein grain yield per plant was recorded
positive significant correlation with plant height and the
number of productive tillers per plant at both genotypic
and phenotypic levels. Similarly, in bread wheat
genotypes, a positive genotypic association for grain
yield was found with chlorophyll content (0.601), plant
height, (0.331), spike length (0.301) thenumber of spikes
per plant (0.883), thousand kernel weight (0.468) and
harvest index (0.561) and hence, these traits can be
considered while developing high vyielding genotypes
(Fellahi et al., 2013).

As palmarosa is a perennial crop, repeated harvests
are done from ratoon crops which are equally profitable
as the main crop (Smitha et al., 2015; Chauhan et al.,
2017). In the present study, the herbage yield significantly
increased from the first harvest (8 months after planting)
to subsequent harvest at every three months interval up
to 14 months after planting, and thereafter it reduced.
This is very well justified from the correlation values
obtained between different harvesting intervals. It is clear
in the four harvests done at regular interval the yield of
one harvest highly depends on its yield of the previous
harvest. Initially, the plant height was significantly
contributed for dry herbage yield up to the second harvest
(11 months after planting), later the contribution of plant
height is non-significant and the number of tillers took
over the significant contribution. But, after 17 months
after planting, as both plant height and the number of
tillers came down, the herbage yield also automatically
started coming down. The reduction may be due to the
age of the plants. In commercial cultivation of palmarosa,
farmers grow the crop till four to five years depending on
the management practices followed and then it is advised
to go for a new planting (Suresh et al., 2014).

Table 2. Pearson’s correlation coefficients for growth, yield and oil characteristics of palmarosa germplasm

(average of four harvests)

Plant height Number of tillers Dry weight Oil yield
Plant Height 1.000
Number of tillers 0.012 1.000
Dry weight 0.078 0.761* 1.000
Oil yield -0.01374 0.417* 0.563* 1.000

Table 3. Pearson’s correlation coefficients for various growth and yield characters at different months after

planting (MAP) in palmarosa germplasm

Plant height Number of tillers Dry Weight
8 MAP 11 MAP14 MAP17 MAP 8 MAP 11 MAP14 MAP17 MAP 8 MAP 11 MAP 14 MAP 17 MAP
8MAP  1.00
Plant height 11 MAP  0.38* 1.00
14MAP  0.08 0.03 1.00
17MAP  0.02 009 012 1.00
8MAP  0.30* 004 002 -021* 1.00
Number 11MAP 0.5 0.09 005 -0.14* 053* 1.00
of fillers 14MAP 009 004 007 -0.04 040* 045 1.00
17MAP 003 -0.04 010 006 0.35° 045 045° 1.00
8MAP  047* 0.19* 004 -0.11* 069* 049* 0.30* 0.34* 1.00
Dry weight 11MAP 0.36* 0.29* 0.07 -0.10* 0.65° 059* 040* 047 067 1.00
14MAP 012 006 012 001 0.36* 045 044* 059 040 059* 1.00
17MAP  0.00 001 0.11* 041 029* 046* 048 075 0.33* 049* 0.64* 1.00

All the clones were arranged in descending order and the
top 20-25 clones in each trait were shorted out (Table 4)
and then searched for common clones that are figured

for all the four traits, then for three traits and then for at
least two traits and accordingly the best top 15 clones
were selected, however, the main weightage was given

https://doi.org/10.37992/2021.1201.031

212



EJPB

Smitha and Manivel

Table 4. Selection of top performing palmarosa clones based on their two years field evaluation

DW (0)4

V1P30, V1P131, V2P2,
V2P19, V2P28, V3P21,
V3P43, V3P33, V4P47,
V4P21, V4P22

PH NT
PH  V1P11, V1P26,
V1P30, V1P42, V1P69,
V5P1, V6P123, V7P1,
V7P48, V7P59
NT  V1P16 V1P129, V1P130, V2P19,
V1P30 V2P25, V3P24, V3P38, V3P17
DW V1P13 V1P16, V1P73, V1P130,
V1P16 V2P1, V2P2, V2P3, V2P8,
VIP72 V2P19, V2P22, V2P33, V3P3,
V1P128 V3P4, V3P16, V3P20, V3P22,
V3P33, V3P38, V3P39,
V3P43, V4P21, V4P22, V4P84
oY  V1P11,V1P13, V1P30, VAP1, V1P30, V1P73,

V1P42, V1P128, V5P1 V1P130, V2P2, V2P8, 2P19,

V2P22, V2P33, V3P3, V3P4,

V3P14, V3P20, V3P21,
V3P30, V3P33, V3P38,
V3P39, V3P43, V4P21,
V4P84, V4P103, V5P58

V1P1, V1P13, V1P73,
V1P94, V1P128, V1P 130,
V2P2, V2P8, V2P19, V2P22,
V2P26, V3P2, V3P3, V3P4,
V3P16, V3P20, V3P21,
V3P26, V3P33, V3P34,
V3P38, V3P39, V3P43,
V4P21, V4P22, V4PAT,
V4P84, V6P101,V7P58

V1P94, V1P28, V1P131,
V2P5, V2P33, V3P21,
V4PT77, V6P39

Selection criteria:(PH) Plant height: > 195 cm, (NT) Number. of tillers > 270, (DW) Dry weight > 1 kg/plant, (OY) Oil yield > 8 ml/

plant

to dry herbage yield. Out of seven germplasm tested, the
germplasm population V3 (Variety PRC-1) has thrown 9
out of 15 best clones, followed by two each by V1 and V4
and one each by V6 and V7. However, the germplasm
V2 (Udaipur collection) and V5 (Gujarat collection) did not
produce any clones in the top 15 clones (Table 5). The V3
is a released variety and is already a superior clone and

that might be the reason it has produced a large number
of superior segregants through open populations as the
female clone always have some added advantages in any
breeding scheme because of its well settled combination
of genes in the processing of varietal development. So,
there is ample scope to further exploit these best clones
for the improvement of palmarosa.

Table 5. Average growth and yield characters of 15 best clones of palmarosa

Best Selection Clone number Average Average number of Average fresh Average dry
plant height tillers herbage yield herbage yield
(cm) (kg/plant) (kg/plant)
DCM 1 V1P13 204.00 202.50 1.12 0.81
DCM 2 V1P73 174.00 260.25 1.86 0.99
DCM 3 V3P3 137.75 303.75 1.22 0.76
DCM 4 V3P4 157.25 296.50 0.83 0.50
DCM 5 V3P16 166.50 253.50 1.04 0.67
DCM 6 V3P20 159.00 295.25 1.19 0.72
DCM 7 V3P21 149.00 320.50 1.50 0.93
DCM 8 V3P34 137.50 152.50 1.54 0.96
DCM 9 V3P39 145.25 267.50 1.29 0.82
DCM 10 V3P43 158.00 262.00 1.51 0.93
DCM 11 V4P4T7 155.50 227.25 1.37 0.89
DCM 12 V4P84 183.00 253.00 117 0.71
DCM 13 V3P33 143.50 271.25 1.65 1.01
DCM 14 V6P101 156.75 173.00 1.12 0.71
DCM 15 V7P58 147.25 263.00 1.18 0.68
Minimum value for 113.80 38.33 0.12 0.07
each trait
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Based on the performance of individual clones in all the
seven populations for various traits including herbage
and essential oil yield, the best performing top fifteen
clones were selected for polycross nursery. The selected
clones are labelled as DCM 1 to DCM 15. These clones
were intermated in the polycross nursery under natural
conditions and putative hybrid seeds were obtained for
further evaluation.

ACKNOWLEDGEMENT

The authors are thankful to the Director, ICAR-DMAPR,
Anand, Gujarat for providing financial assistance and
other facilities under the Institute project.

REFERENCES

Adams, R.P.2007. Identification of Essential Oils Components
by Gas Chromatography / Mass

Spectrometry. Allured Publishing Corporation. Carol Stream,
IL, USA.

Anon. 2008. SAS Institute Inc. SAS/STAT 9.2®Users’s guide,
Cary, NC.

Anon. 2010. Monthly statistics of foreign trade of India,
exports including re-exports. New Delhi, India:
Ministry of Commerce and Industry.

Bard, E. G., Shillcock, R. C. and Altmann, G. 1988. The
recognition of words after their acoustic offsets
in spontaneous speech: Effects of subsequent
context. Perception and Psychophysics, 44: 395-
408. [Cross Ref]

Burton, A. and Widstrom 2001. Mass selection for agronomic
performance and resistance to ear-feeding insects
in three corn populations. Maydica, 46: 207-212.

Chauhan, N. K., Semwal, M. P., Dilawar Singh, Bhupendra
Singh and Sandeep Rauthan. 2017. Influence of
various Plant Spacing on growth, herbage yield,
essential oil yield and aroma content of Palmarosa
(Cymbopogon martinii Roxb.) at different harvest
under agro-climatic condition of Doon Valley, J.
Essential Oil Bearing Plants, 20(6): 1587-1593.
[Cross Ref]

Dudley, J. W. and Lambert, R. J. 1992. Ninety generations
of selection for oil and protein in maize. Maydica
37:1-7.

Fellahi Z., Hannachi A., Guendouz A., Bouzerzour H. and
Boutekrabt A. 2013. Genetic variability, heritability
and association studies in bread wheat (Triticum
aestivum L.) genotypes. Electronic Journal of Plant
Breeding, 4(2): 1161-1166.

Gardner, C. 0. 1961.An evaluation of effects of mass selection
and seed irradiation with thermal neutrons on yields
of corn. Crop Sci., 1: 241-245. [Cross Ref]

Gogi and Deta 2015. Resilience of climatic changes through
medicinal and aromatic plants. Int. J. Innovative
Res. Science, Engineering and Technology, 4(6):
4389-4393.

Kavya Dashora and Gosavi, K. V. C. 2013. Grasses: An
Underestimated Medicinal Repository. J. Med.
Plants Studies, 1(3): 151-157. [Cross Ref]

Misevic D, Maric A, Alexander DE, Dumanovic J and
Ratkovic S. 1989. Population cross diallel among
high oil populations of maize. Crop Sci. 29:613-617.
[Cross Ref]

Prasad, A. and Patra, D. D. 2004. Medicinal and aromatic
plants for utilization of sodic lands. Indian Farming,
53(11): 11-14.

Rosulj, M. S., Trifunovic, S. and Huric, |. 2002. Nine cycles
of mass selection for increasing oil content in two
maize (Zea maize L.) synthesis. Genetics and
Molecular Biology, 25(4): 449-461. [Cross Ref]

Sabesan, T., Suresh R. and Saravanan K. 2009. Genetic
variability and correlation for yield and grain quality
characters of rice grown in coastal saline low land
of Tamilnadu. Electronic Journal of Plant Breeding,
1: 56-59.

Sahu, S., Debata, B. K. and Patnaik K. 2000. Palmarosa and
its improvement for geraniol production. J. Med.
Aromat. Plant Sci., 22: 253-262.

Sangwan, R. S., Farooqi, A. H. A., Fatima, S. and Sangwan,
N. S. 2001. Regulation of essential oil production
in higher plants. Plant Growth Reg. 34: 3-21.
[Cross Ref]

Sharma, J. R., Misra, H. O. and Lal, R. K. 1987. A genetically
superior synthetic variety Trishna of palmarosa
developed. Indian Perfumer, 33(4): 274-276.

Singh, A.K. and Kumar, S. 2000. India’s competitive edge in
international essential oil trade: opportunities and
challenges. J. Med. Arom. Plant Sci., 22: 404-410.

Smitha G.R., Thania Sara Varghese and Manivel, P. 2015.
Cultivation of Palmarosa, Technical Bulletin, ICAR-
Directorate of Medicinal and Aromatic Plants
Research, Anand, Gujarat, pp: 15.

Smitha, G.R. and Rana V. S. 2015. Variations in essential
oil yield, geraniol and geranyl acetate contents in
palmarosa (Cymbopogon martinii, Roxb. Wats. var.
motia) influenced by inflorescence development.
Ind. Crops and Prod. 66: 150-160. [Cross Ref]

Sprague G. F., Miller, P.A. and Brimhall, B. 1952. Additional
studies of the relative effectiveness of two systems
of selection for oil content of the corn kernel. Agron
J. 44: 329-331. [Cross Ref]

https://doi.org/10.37992/2021.1201.031

214


https://doi.org/10.3758/BF03210424
https://doi.org/10.1080/0972060X.2017.1421103
https://doi.org/10.2135/cropsci1961.0011183X000100040004x
 https://doi.org/10.1007/978-94-007-6076-9_47
https://doi.org/10.2135/cropsci1989.0011183X002900030012x
https://doi.org/10.1590/S1415-47572002000400015
https://doi.org/10.1023/A:1013386921596
https://doi.org/10.1016/j.indcrop.2014.12.062
https://doi.org/10.2134/agronj1952.00021962004400060011x

EJPB

Smitha and Manivel

Sprague, G. F. and Brimhall, B. 1950. Relative effectiveness
of two systems for selection for oil content of the
corn kernel. Agron J. 42: 83-88. [Cross Ref]

Srivastava H. K. and Srivastava G. N. 1988. Reproductive
and breeding behaviour of palmarosa (Cymbopogon
martinii var. motia). Indian J. Gen., 48: 107-109.

Suresh, R., Kumar, S., Gangwar, S. P., Shanker, H., Tomar,
V. K. S.,, Bansal, R. P. and Singh, A. K. 2014.
Economic analysis of palmarosa cultivation in India.
Indian J. Agric. Res. 48: 480-483. [Cross Ref]

Verma, S. K., Kumar, B., Ram, G., Singh, H. P. and Lal, R.
K. 2010. Varietal effect on germination parameter
at controlled and uncontrolled temperature in
Palmarosa (Cymbopogon martinii). Ind. Crops
Prod., 32: 696-699. [Cross Ref]

Weyhrich, R. A., Lamkey, K. R. and Hallauer, A. R. 1998.
Response to seven methods of recurrent selection
in the BSII corn population. Crop Sci., 38: 308-321.
[Cross Ref]

https://doi.org/10.37992/2021.1201.031

215


 https://doi.org/10.2134/agronj1950.00021962004200020003x
https://doi.org/10.5958/0976-058X.2014.01333.X
https://doi.org/10.1016/j.indcrop.2010.07.015
https://doi.org/10.2135/cropsci1998.0011183X003800020005x

