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(57) ABSTRACT

The mvention 1s related to the development of a new and
distinct geranium plant called ¢ ‘Narmada’ yeilding perfum-
ery oil having higher content of rhodinol, total alcohol and
high citronellol/geraniol ratio and lower content of undesir-
able 1somenthone and 10-epi-y-eudesmol.

2 Drawing Sheets

1
FIELD OF INVENTION

The mvention 1s related to the development of a novel
geranium plant ‘Narmada’ derived as a somaclonal variant
“CIMAP/GER SA 44” from the Indian cultivar ‘Bourbon’.
The 1nvention 1s related to the development of a plant which
possesses desirable high percentage of cis- and trans- rose
oxides, free rhodinol (linalool+citronellol+geraniol) and
total rhodinol (linalool+citronellol+geraniol+citronellyl for-
mate+geranyl formate) which contribute to perfumery value
of essential oil of geranium. The somaclone “CIMAP/GER
SA EE” now named ‘Narmada’ 1s propagated vegetatively
through stem cuttings and 1s stable for commercial cultiva-
tion.

BACKGROUND OF THE INVENTION

Pelargonium graveolens L. Herit commonly known as
‘rose scented geranium’ yields an essential o1l on distillation
of 1ts above ground fresh biomass which 1s common known
as ‘O1l of Geranium’. It 1s a native to the dry slopes of Cape
Province of South Africa and has spread to different parts of
the world. In India, 1t was introduced 1n the early part of the
present century. The highest quality o1l possesses a delicate
rose-line fragrance and i1s used in perfumes and flavors,
while the lower quality o1l has been widely used 1n general
purpose perfumes for hand creams, soaps and other toilet
requisites.
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Commercial geranium o1l 1s a mixture of 120 mono and
sesquiterpenes and low molecular weight aroma com-
pounds. The main consftituents are citronellol, geraniol,

linalool and formates of geraniol and citronellol which
constitute about 60—70% of total oil.

Three types of geranium o1l are recognised 1n trade viz,
Reunion or Bourbon, African or Egyptian and Chinese. The
Chinese gerantum o1l 1s characterized by 1ts larger cit-
ronellol; geraniol ratio of 3—4:1 as compared with the ratio
1:1 mm Bourbon and Egyptian geranium oils. ‘Bourbon’ and
‘Egyptian” geranium oils are distinguished by their relative
contents of guaia-6,9-diene and 10-epi1-y-eudesmol.

In India, only two varieties are grown. (1) ‘Bourbon’ or
‘Reunion’ and (2) ‘Algerian’ or ‘Tunisian’. The essential oil
of the Indian cultivar ‘Bourbon’ resembles the African
cgeranium oil. The essential o1l of the cultivar ‘Algerian’
resembles the Chinese geranium o1l 1 its ratio of cit-
ronellol:geraniol. Recently, mtroduction of another clone
has been reported but 1ts o1l has a citronellol:geraniol ratio
1:5. So, for the farmers cultivating geranium and the
industries, the choice of o1l 1s limited due to limited
cultivars, the yield of which have remained constant since
long.

Further, geranium 1s propagated vegetatively by stem
cuttings as these plans do not flower or flower sparsely and,
ogenerally, do not produce any seeds in India. Genetic
improvement by sexual methods of breeding 1s extremely
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difficult. As these cultivars have been propagated only
vegetatively over a long period of time, somaclonal varia-
tion through tissue culture can be expected to be a desirable
approach 1n genetic improvement through selection. Keep-
ing these factors in mind this new 1mproved clone of the
invention, CIMAP/GER-SA 44 of Pelargonium graveolens
was derived as a somaclonal variant from the Indian cultivar,
‘Bourbon’ and named as ‘Narmada’. The plants as asexually
produced through cuttings remain true to type.

OBJECTS OF THE INVENTION

Accordingly, the main object of the invention 1s to
develop a novel geranium plant ‘Narmada’.

Another object 1s to develop a geranium plant that pos-
sesses high percentage of rose oxides, free rhodinol, total
alcohol and high citronellol; geraniol ratio which contributes
to the perfumery value of the essential o1l yielded by the
plant.

Yet another object 1s to develop novel geranium plant
‘Narmada’ yielding high percentage of essential perfumery
o1l and low content of undesirable “1somenthone and 10-epi-
v-erudesmol”.

SUMMARY OF THE INVENTION

In accordance with above and other objects, the invention
provides a novel plant ‘Narmada’ derived as a somaclonal
variant CIMAP/GER SA 44 from the Indian cultivar, ‘ Bour-
bon’ clone. Novel plant ‘Narmada’ has high percentage of
cis- and trans- rose oxides, free rhodinol (linalool+
citronellol+geraniol) and total rhodinol (linalool+
citronellol+geraniol+citronellyl formate+geranyl formate)
which contributes to perfumery value of essential o1l of
geranium. To the best of the Inventors’ knowledge None of
the parental cultivars are patented in the United States of
America or the subject of a pending U.S. Application.

DETAILED DESCRIPTION OF THE
INVENTION

Accordingly, the mvention provides a new plant ‘Nar-
mada’ of Pelargonium graveolens yielding high perfume
value essential o1l developed through tissue culture, pos-
sessing the following combination of characteristics:

a. Lettuce greenish leaves (137B), alternate, stipulate,
simple with about 5 palmatisect primary lobes and
pinnatisect secondary lobes, pubescent on both sides,

b. Produces high yield of herbage to the extend of 380 to

490 gram per plant and yields o1l to the extent of 0.25
to 0.30%,

c. The plant has a high Citronellol/geraniol ratio
1.34+£0.05 (0.59-2.48), producing significantly high
free Rhodinol 64.21+0.33 (58.0-69.2) and total Rhodi-

nol 76.98+0.4 (69.8-82.2) compared to the parent
variety ‘Bourbon’,

d. The essential o1l of the plant 1s characterized by low
content of isomenthone (0.05-2.0) and 10-epi-y-
eudesmol (0.4—4.0%) at different stages of growth, and

¢. The plant has distinct molecular profile by random
amplified polymorphic DNA (RAPD) using 20 MAP
primers distinguishing the plant from the other existing
varieties.

The colour codes employed m the specification are
according to R.H.S. Colour Chart published by The Royal
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Horticultural Society, 80 Vincent Square, London SWIP
2PE, 1995.

In the Accompanying drawings

FIG. 1. 1s a photograph that represents a typical geranium
plant ‘Narmada’ of the invention.

FIG. 2 depicts the RAPD profile of the plant of the
invention with MAP primers.

Anew clone of Pelargonium graveolens was desired to be
developed with higher percentage of cis- and trans- rose
oxides, free rhodinol (linalool+citronellol+geraniol) and
total rhodinol (linalool+citronellol+geraniol+citronellyl
formate+geranyl formate) which are known to contribute to
the perfumery value of essential o1l of geranium.

Internodal explants of the Indian cultivar Bourbon were
soaked 1n 0.1% aqueous solution of the mutagenic agent
sodium azide for 5 hr. and incubated on Murashige and
Skoog medium modified with 1.0 mg/1 of each benzyl
amino purine and indole-3 acetic acid at 25x1° C. with 16
hr. light/8 hr. darkness. Upon induction and regeneration, the
shoots were separated and rooted 1 half strength Murashige
and Skoog medium with 0.5 mg/1 of indole-3 butyric acid.
The young plantlets were hardened and planted in filed.
About 200 of plants produced were evaluated for essential
o1l content and composition. One clone with lower contents
of 1somenthone and 10-epi-y-eudesmol and higher contents
of free rhodinol (linalool+citronellol+geraniol) and total
rhodinol (linalool, citronellol, geraniol, citronellyl formate
and geranyl formate) in its essential oil than the parental
cultivar was identified. It was tested in V2 (vegetative 2) and
V3 (vegetative 3) generation along with the parental Indian
cultivar, ‘Bourbon’. It was found to breed true for signifi-
cantly higher content of both free rhodinol and total rhodinol
than the parental cultivar. It also showed significantly lower
contents of 1somenthone and 10-epi-y-eudesmol than the
parental cultivar.

Stem cuttings of the ‘Narmada® plant of the instant
invention were planted in beds of 1.76 m* size (4
replications) arranged randomly in a field at the experimen-
tal farm of the Institute located at Bangalore, in the state of
Karnataka (13.50N, 77.55E, 930 meters above seca level)
during December 1997. The field blocks used were given a
uniform dose of 100 kg/ha P,O. and 60 kg/ha K,O. Nitrogen
was applied 1n three splits while phosphorous and potassium
were applied at the time of planting. A light 1rrigation was
ogrven just after planting of stem cuttings and plots were
manually weeded and 1rrigated at regular intervals of two
weeks throughout the cropping season. The crops were
allowed to grow unftil April when observations on the
morphology of the plants were recorded and the crop was
harvested to estimate the yield of herbage as well as yield
and quality of essential o1l. All experiments were conducted
at the field station at Pantnagar, near Luncknow in Uttar
Pradesh 1n India. The plant 1s asexually reproduced through
stem cutting and true to type.

Evidence of uniformity and stability of plant
Narmada

The new clone, CIMAP/GER SA 44 developed as the

plant ‘Narmada’ has significantly higher content of free
rhodinol (linalool+citronellol+geraniol) and total rhodinol
(linalool, citronellol, geraniol, citronellyl formate and gera-
nyl formate) and low contents of isomenthone and 10-epi-
v-eudesmol than parental cultivar. It also showed signifi-
cantly higher citronellol/geraniol ratio than parental cultivar.
These relative differences between the clone and the parental
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cultivar were consistent over different seasons and vegeta-
five generations.

Statement of distinction

The new plant ‘Narmada’ possesses lettuce green leaves
which are as pubescent like Indian cultivar of ‘Bourbon’ but
less pubescent than the other Indian cultivar ‘Algerian’. Its
essential o1l has significantly low contents of 1somenthone
and 10-ep1-y-eudesmol, higher citronellol/geraniol ratio and
higher contents of free rhodinol and total rhodinol as com-
pared with parental Indian cultivar of ‘Bourbon’ 1in
vegetative-1, vegetative-2 generations (Table 1) four months
after planting and in vegetative-3 generation (Table 2) 12
months after planting.

TABLE 1

Essential o1l composition of plant ‘Narmada’ and
parental cultivar in vegetative-1 and vegetative-2 generations
after four months of planting

Vegetative-1 Vegetative-2

generation generation

Clo Clon
O1l ne SA 44 Parent e SA 44 Parent
constituents ‘Narmada® al cultivar ‘Narmada® al cultivar
Linalool 11.8 5.5 6.5 8.0
cis-Rose oxide 0.7 0.1 1.1 0.2
trans-Rose oxide 0.3 0.07 0.4 0.2
Menthone 0.04 0.07 0.2 0.3
Isomenthone 1.4 4.2 1.8 8.3
Citronellol 36.8 17.5 26.7 15.4
Geraniol 21.2 37.4 26.9 32.8
Citronellyl 6.8 6.4 7.0 4.9
formate
Gernayl formate 2.7 6.1 3.9 3.0
10-epi-y-eudesmol 1.3 6.5 2.0 5.9
Citronellol/gerani 1.74 0.47 0.99 0.47
ol ratio
Free Rhodinol 69.8 60.4 60.1 56.2
Total Rhodinol 79.3 72.9 71.0 64.1

TABLE 2

Mean and range of essential oil constituents of the
plant ‘Narmada’ and parental cultivar over 12 months in
vegetative-3 generation

Clone:CIMAP/GER Parental
O1l SA 44 cultivar
constituents Mean SE* Range Mean SE* Range
Linalool 4.41 +0.13 2.3-7.9 437 «£0.10 2.0-5.9
Cis-Rose oxide 0.34 £ 0.0014 0.1-0.5 0.34 £ 0.016 0.2-0.8
Trans-Rose oxide 0.15 + 0.006 0.03-0.2 0.14 =+ 0.009 0.080.4
Menthone 0.17 = 0.009 0.04-0.3 0.18 £0.006 0.1-0.3
[somenthone 0.60 = 0.06 0.052.0 6.75 £0.10 5.2-8.7
Citronellol 33.05 = 0.67 20-441 2278 +0.29 17.5-26.0
Geraniol 26.75 = 0.51 20.3=-37.6 30.04 = 0.45 24.0-36.6
Citronellyl 8.65 + 0.14 6.4-11.0 6.89 +0.11 5.1-8.9
formate
Geranyl formate  4.13 = 0.10 2.6-6.2 5.1 £ 0.092 3.0-6.3
10-ep1-y- 1.54 + 0.10 0.4—4.0 6.82 +0.11 5.6-10.2
eudesmol
Citronellol/gera-  1.34 = 0.05 0.59-2.48 0.79 £0.02 0.51-1.1
niol ratio
Free Rhodinol 64.21 + 0.33 58.0-69.2 57.19 = 0.30 51.5-63.4
Total Rhodinol 76.98 = 0.4 69.8—82.2 69.18 + 0.26 65.4-74.7

*SE = Standard error

Randomly Amplified Polymorphic DNA analysis

The RAPD patterns of the plant are entirely distinguish-
able from those of the parents as well as of other geranium
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varieties as analyzed with the MAP primers. The following,
primers were used to develop a unique and distinct RAPD
profile (FIG. 2) of the plant of this invention. From the
analysis, a difference of about 26% was calculated out for
the plant of 1nvention with the parent variety ‘Bourbon’.

Description of the new Plant ‘Narmada’ of Pelargonium
graveolens. The plant ‘Narmada’ 1s bushy and has a shape of
a canopy. The flowers are produced in axillary racemes.
Flowers appear in the months of April through May. The
pedicel 1s green with bracts, calyx: green, pubescent with 5
sepals. Corolla: Purple (78C) with violet dark streaks on the
upper lip; 5 sepals 1n all. The androcium has 5 stamens,
fused at the base. The gynoecium has 5 carpels. The stigma
1s filamentous and branched. No seed formation 1s observed.

Genus: Pelargonium.

Species: Graveolens L.

Family: Geraniaceac.

Common name: Geranium.

Growth habit: Erect, uniform.

Stem cylindrical, woody at base, pubescent, green when
young, turning brown with age. Other botanical charac-
teristics include:

Habit.—FErect, uniform.

Canopy.—Spread 1s about 60 cm diameter and 50 cm
height.

Stem.—Moderately hairy, sturdy, woody at base usually
/-8 primary branches, cylindrical, woody; pubescent
green (191C) when young turns brown (199D) with
age.

Leaf petiole.—Medium size, thin, rough dark pink at
base.

Leaf lamina.—Very large (6 cm long and 8 cm wide),
Lamina has 76 lobes, lettuce green 173B on the
upper surface and 147D color on the lower surface.
Leaves are alternate and stipulate.

Leaf trichomes.—Medium (500 pm), thin.
Flower.—Medium size (<1.5 cm), dark pink petals 78C

with violet streaks on the upper lip of the tlower,
yellow fertile anthers.

Essential oil content.—0.25—-0.30%.

Physical appearance of oil.—Bright yellow.
Seed formation: None.

All color numbers are as per the International Royal
Horticultural Society Index.

Leaf Lettuce green (137B), alternate, stipulate, simple
with about 5 palmatisect primary lobes and pinnatisect
secondary lobes, pubescent on both sides like Indian cultivar
of ‘Bourbon’.

Leaf stem ratio: 2.9:1.
Inflorescence: Raceme, axillary, flowering during April-
—May.
Flower:
Pedicel —Green with bracts green 1n colour.
Calyx.—Green, pubescent, five sepals.
Corolla.—Purple with violet dark streaks on the upper
lib of flower, five petals.
Anther.—F1ve, stamens, fused at base.
Style.—One.
Stigma.—Filamentous (branched) five.
Seed formation.—INot observed.
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Essential o1l content 1n fresh biomass: 0.25 to 0.30%.

2. Additional description of the plant ‘Narmada’ of Pelargonium

GLC profile of the new plant ‘Narmada’ of

TABLE 3-continued

Pelaroonium graveolens.

graveolens
Retention Time (min) Compound Area %
Observation o0 43 Tero] Aol 004
SI No.  Chract M R - ©IPLIEITO -
. oo (Mean) are 20.85 a-Terpineol 0.14
1. Plant height 50.4 cm 49.0-53.0 cm 21.44 2,3,-Epoxy-3,7- 0.04
2. Plant width (spread)  60.4 cm 55.0-72.0 cm dl.methy:_ oct-6-en-1-ol
3. No. of branches per 7.2 6—9 22.31 Citronellol 44.28
plant 23.10 Geraniol 16.67
4. [nternodal length 2.0 cm 0.5-3.3 cm 23.25 G:araniaﬁ_ 0.96
5. Length of petiole 7.4 cm 6.2-9.1 cm 23.64 Citronellyl formate 3.88
6. Weight of petiole 0.5¢ 0.4-0.6¢g 24.06 Neryl formate 0.03
7. Weight of leaf 1.6 g 40.8-59.2 cm? 24.37 Geranyl formate 2.99
lamina 25.41 p-phenylethyl 0.09
8. Leaf size (length x 47.6 cm” 0.65-0.69 cm” propanoate
(width) 25.92 Citronellyl acetate 0.30
9. Leaf shape 0.67 cm” 0.65-0.69 cm” 26.23 Neryl acetate 0.04
(length x width) 26.44 a-cubebene 0.07
10. Leaf form (width x 8.3 cm” 7.7-9.4 cm”® 26.71 Geranyl acetate 0.40
waist 27.06 a-ylangene 0.07
11. No. of 1 0= 2'7.30 (-copaene 0.37
12. No. of flower 4.°75 4-5 28.17 p-phenyl ethyl 0.05
buds/inflorenscence buanoate
13. Herb yield/plant 423 g 380-490 g 28.58 p-caryophyllene 1.25
28.81 Citronellyl 0.05
propanoate
The genotype ‘Narmada’ was developed as a somaclone égég f}ia-g;l;faif;znoate g'gg
from the parental cultivar ‘Bourbon’ and the quality of oil 1s 19 59 o-Humulene 098
different from the parental cultivar which 1n turn different 30.04 y-Muurolene 0.07
from the existing cultivars. Further RAPD analysis ditfer- gg'ig E‘?’Smll_amne D é'gz
: : , . -Selinene .
entiated the plant of invention from the parent and other 20 51 o-Selinene 013
existing varieties. 30.67 a-Muurolene 2.13
In addition to this, we developed the GLC profile of the 30.98 Citronellyl U.28
: : : : butanoate
new plant as mentioned 1 Table 3, which depicts the 3114 Calamenene 016
chemical profile of the o1l of the plant of 1invention. 31.23 5-cadinene 0.30
31.73 Geranyl butanoate 0.59
32.30 B-Phenylethyl 1.08
TABLE 3 e
{ , 32.62 Furopelargone B 0.04
GLC profile of the. new plant ‘Narmada’ of 37 78 Geranyl isovalerate 0. 44
Pelargonium graveolens. 33.91 10-epi-y-eudesmol 1.81
_ _ _ 34.12 Geranyl valerate 0.04
Retention Time (min) Compound Area % 3493 B-Eudesmol 014
34.56 Citronellyl tiglate 0.11
?23 Elz_:)_iieanxeml ggg 35.32 Geranyl tiglate 1.99
:-2.98 Sall;inene D. 04 36.63 Geranyl hexanoate 0.07
:'3' 67 Myrcene U.U 4 39.09 Geranyl heptanoate 0.14
. 5.18 Liymcmene D. 05 40.98 Geranyl octanoate 0.2
15.37 (Z)-p-ocimene 0.03
15.70 (E)-p-ocimene 0.07 _
16.64 cis-Linalool oxide 0.10 The above references are hereby incorporated.
17.17 Trans-Linalool oxide 0.04 _
17.68 Linalool 3.21 We claim:
18.05 cis-Rose oxide 0.70 1 A d disti . £ Pol : 7
12 65 Trans-Rose oxide 0,30 . A new and distinct variety ol f'elargonium graveolens
19.30 Menthone 0.28 plant, substantially as shown and described.
19.75 [somenthone 1.32

e x = e x
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