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Importance and world wide utilisation of Cymbopogon Spreng 
() 

Cymbopogon Spreng is one of the major alm~atic plant genera, be~onging 

to the tribe Andropogoneae of the family Poaceae. The number of species 

recoyfginsed by different workers in this genus varies from 55 to over 1 00 (Bor, 

1960;Chase and Niles, 1962; Soenarko, 1977). With ·the exception of the . 

cultivated and introduced species, Cymbopogon occurs only in the old world 

tropics and sub-tropics like other members of the tribe Andropogoneae. 

Cymbopogon is adopted to hot moist conditions. The species are more or 

less evenly distributed in the area, but several rather diffuse centers of diversity 

such as Indo-China, India, East Africa and Queensland can be recognized 

(Soenarko, 1977). The species of Cymbopogon are either densely or loosely 

tufted plants ranging in height from 20cm to 3m. They are mostly perennial, 
Ll . 

c~~s of most species are erect and unbranched. 

Most of the species of Cymbopogon can be clearly distinguished from 
Y' -

. the related genera in the t_ibe by their aromatic smell. The species like C. 
1... 

nardus (L.) Rendle, C. winterianus jowitt, C. flexuosus (Nees) Wats., C.citratus 

(DC) stapf. and C. martini (Wats) have been cultivated for a lo_ng time for their 
u.. 

essential oils. (G"en+ther, 1950; BarJ 1990; Jagadish chandra _1975 a, b). 

UtiJisation of different species of Cymbopogon Spreng in India: · 

Introduction about 28 species of Cymbopogon Spreng which are available in 

India and their utilisation have been represented under the following heads. 

I. Species found in cultivation only : 

1. Cymbopogon citratus (DC.) Stapf : This species is widely cutlivated 

throughout the world and its origin is unknown. It is a source of West Indian 

lemongrass oil and is co'mmonly met with as a potted plant in Indian gardens. 

Propagation is through vegetative means as it does not flower under Indian 

conditions. 

2. C. motia Gupta: It is perhaps a native of India and has arisen from its 

closely allied species, C. martinii during cultivation. It is likely to loose its identity 

due' to natural hybridization prevalent among the species of Cymbqpogon. 
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3. C. nardus (L) Rendle : It is extensively cultivated in Sri Lanka, Java and 

Malay Peninsular and on experimental scale in India for Ceylon citronella oil. 

l1- ' 
4. C. winterian~ Jowitt : This species, the origin of which is unknown, is 

extensively cultivated in Java, Belgium, Congo, Formosa, Guatemal.a, Honduras, 

India, Sri Lanka and Sumatra for Java citronella oil. 

\ 

II. Species found both in cultivation and wild : 

5. · C.flexuosus (Ness ex Steud.) Wats : An indigenous species and is 

cultivated exclusively in Sourth India' for East Indian lemongrass oil. It is cultivated 

in the tropics as well and is naturalised in Indonesia. A number of wild strains 

yielding an inferior quality of oil occurs widely in Karanataka, Kerala and Tamil 

Nadu besides Sikkim and Arunachal Pradesh. 

6. C. martinii (Roxb:) Warn. : It is_ cul_tivated throughout India from Kashmir 

to Assam in .the east and to.Kanyakumari at the land's end in south. 

(a) Var. martinii: It is extensively cultivated fo_r palmarosa oil (rusa I rusha 

oil). lt.occurs wild in Madhya Pradesh and Maharashtra. 

(b) Var. Sofia Gupta: This is the source of gingergrass oil of commerce used 

in adulterating palmarosa oil and is found throughout India. 

7. C. pendu/us (Nees ex Steud.) Wats : It is mostly wild and is confined to 

No~h-East India and NepaL The oil it yields is similar to lemongrass. 

Ill. Species occuring wild : 

8. C. caesius (Nees) Stafpf : This species is of common occurence in the 

Peninsular states of Karnataka, Kerala and Tamil Nadu. It is reported to occur 
0--

in Nai.nital district in Ut~~ Pradesh ·and needs confirmation. It also occur in 

Afgha-~stan, Arabia, Soufth China, Somali land and Sri Lanka. It yields an oil 

similar to that obtained from C. martiniiVar. sofra. As the species is confined to 
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' a limited area in a particular habitat, the population need constant watching 

lest it becomes rare I scarce in due course due to habitat destruction I 

disturbance. 

9. . C. coloratus (Nees) Stapf: A n_ative of India and is restricted to Karnatak 

and Tamil Nadu. A sheet of this species was collected by J.F. Duthie from 
. (;\... . 

Chandra District in Mdhya Pradesh, deserves mention here. 
J... 

10. C. confertiflorus (Steud) Stapf: Another native species, it is found to 

occur in Bihar, Orissa, Karnataka, Kerala and Tamil Nadu. It yields an inferior 

kind of citronella oil. It also occurs in Sri Lanka. and cultivated in Java. 

11. C. distan¢s (Nees) Wats: This species is confined to the north western 

Himalaya from Kumaon to Kashmir and Nepal. Its limited distribution may point 

to th~ need for data on the habitat in which it occurs. 

12. C. exsertus (Hack.) A Camus : The rarity of the species is evident from 

the fact that it is known only from its type collection by Wallich from Nepal. 

13. C. gidarba (Ham. ex. Hook. f.) Haines : It is non-aromatic. Indigenous 

species has been reported from Bihar, Himachal Pradesh, Jammu and Kashmir, 

Karnataka, Madhya Pradesh, Orissa:, Tamil Nadu and Uttar Pradesh. 

14. C. hookeri (Murro ex Hack.) Stapf ex Bor : It is a rare species. It has been 
. tt. 

_ collected only twice so far from Aka Hills (ArunAchal Pradesh) and Bhutan. 

15. C.jwarancusa (Jones) Schult: A native of India, it is a common occurrence 

from Kashmir to Assam. 

16. C. ladakhensis Gupta : This species was described by Gupta et al. as 

new in 1970 from the collections of Dr. E. K. Janaki Ammal from Leh made in. 

the ·year 1964. It has been collected so far from ladakh only. 

17. C. khasianus (Murro ex. Hack.) Bor : It o·ccurs in SouJth China and 
~ ~ . 

Thailand as well. In India it is resticted to the Khasi and Naga hills and Manipur. 
1.... 

As it is apparently confined to a limited area disturbance I destruction of the 

habitat might make it rare in due course. 
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18. C. mucrostachys (Hook. f.) Soenarko: It is of common occurrence in 

De~ra Dun Siwaliks, also reported from Ayodhya, Ramnagar (Bihar}, Darjeeling 

and Garo Hills. It is also found in Burma and Thailand. 

19. C. microtheca (Hook. f.) A Camus : This species is confined to Sikkim 

and Bihar, in India and East Nepal. It is said to be non-aromatic. It is restricted 

in distribution. 

20. C. olivieri (Boiss.) Bor : In lnd~a it is confined to the north-western part 

and extends from Punjab to Iraq. It is the source of camel grass oil. 

21. C .. osmastonii Parker : It is known only from its type collection and a 

· subsequent collection in 1931, both from the central Himalayas of Kheri District 
I 

in Uttar Pradesh. It was cultivated at the Forest Research Institute, Dehra Dun, 

in the year of 1964-66, but now it does not exist even in its surrounding -locality. 

Perhaps this grass is so rare that no one could gather it since long. 

22. C. parkeri Stapf: In India its distribution is restricted to the north-eastern. 

part and has been reported from the drier parts of Haryana, Jammu and Kashmir, 

Rajasthan and Uttar Pradesh. It extends to Arabia and Iraq. 

23. .C. polyneuros (Steud.) Stapf : This species has a very restricted. 

distribution and is confined to the higher altitudes in the Western Ghats of Nilgiris 

in Tamil Nadu and also occurs in Sri Lanka. 

24. C. ramnaqarensis Gupta : It is ·of common occurence in open, dry slopes 

of the foot-hills of Siwaliks. It appears to be confined to this locality. 

25. C. schoenanthus (L) Spreng : It is reported to occur in Dudhwa National . 

Park in Uttar Pradesh. 

26. C. stracheyi (Hook. f.) Raiz. and Jain : It is restricted to the north-western 

H.imalayas and extends from Gilgit and Pangi to Kumaon and Nepal. 

27. C. traninhensis (A. Camus) Soenarko: Besides India, it also occurs in 

Burma, L~os, South China and Thailand. In India it is confined to the Naga Hills 

and Manipur. 
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28. C. travancorensis Bar : A common grass in the neighbourhood of 

Travancore and also found in Karnataka and Tamil Nadu. 

Commercially important essential oils from -Cymbopogon 
Spreng. 

. Leinongra{oil, citronella oil, plamarosa oil, ginger g~ass oil and karnkusa. 

oil are the names of commercially important essential oils extracted from different 

species of Cymbopogon Spreng . These essential oils have traditionally been 

regarded as large volume oils used in a wide variety of perfumery products and 

to a much smaller extent in flavouring purposes. They are used either as 

perfumery oils per se or as sources of individual chemical constituents or their 
\ . 

derivatives, which are themselves important materials in the perfumery or 

flavouring industries (Guenther, 1948, 1950, 1972) 
0 

1 
Lemon grass oil per se is used as fn ingredient of aerosol deodrants, floor 

.<. . 
polishes, house-hold detergents and a whole range of domestic and industrial 

products in which a pleasant _fresh lemon fragrance is desired, \Yhether in its 

own right or a mask for the unpleas~nt odours of certain ingredients. 

Co·mmercially important terpenoid constituents in different 
species of Cymbopogon Spreng. 

rylajor aromatic constituents which are terpenoids and available in different 

species of Cymbopogon have been represented in the table no. 1. Besides 

these more than 50 other aromatic terpenoids have been reported and reviewed 

by various authors (Guenther,1948, 1. 950; 1972; Thapa et al, 1971; Sobti etal., 

1982; Maheshwari and Mohan, 1985). All these chemical constituents are used 

directly as perfumery or flavouring agents. 

From citral, the main constituent of lemon grass oil, ionones ((3-ionone, 

methyl ionone etc.) an important group of perfumery isolates and finally vitamins 

are manufactured (Guenther, 1948, 1950, 1972; Jagadish chandra 1975a, 

Robbins
1
1983). Geraniol and Citronella! are important isolates of citronella oil. 
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Citronella is important as a source. of hydroxy citronella! which is of great 

importance in its own right and from it manufacture of 1-menthol is possible. 

Geraniol and its derivative citronella! both possess fragrances of their own; the 

latter can be manufactured from citronella!. Derivatives of citronella! include 

esters sych as formate and ac¢etate, the former having application in floral 

composi~bn of rose and lily-of-the valley type and the latt~r when a more fruity 

character is required. Other products from geraniol and citronellol include nero I, 

laevocitronellol etc: each of which has a special use indifferent branches of 

perfumery products. (Thapa et al., 1971; Jagadishchandra 1975a; Gupta and 

Jain 1978; Robbins, 1983). Gingergrass oil contains perillyl alcohol alongwith 

geraniol. Perillyl acetate having an odour reminiscent of dill and spearmint can 
I 

be synthesized from perillyl alocohol (Zutshi 1982) Piperitone is the major 

constituent of karnkusa oil and which can be synthetically converted to menthol 

and thymol (Thapa et al 1971; Jagadish chandra, 1975a). 

[19] 
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Table -1 

List of comniercially important aromatic species of Cymbopogon, their essential oils and major aromatic isolates 

Name of oil Species Common name Wild or Major aromatic References 
cultivated isolates 

'Lemon grass oil 
East Indian type C. fexuosus (Nees) Wats East Indian Lemon Wild and cultivated Citra I Nair (1982) 

grass 

C. pendu/us (Nees) Wats North Indian Lemon Wild and cultivated Citra! Singh et al (1982) 
grass 

West Indian type C. citratus Wats West Indian Lemon Cultivated Citra I Nair (1982) 
grass 

Citronella oil 
Ceylon type C. nardus (L) Rendle Ceylon citronella Cultivated Geraniol, Citronella! Bordoloi ( 1982) 

Varnardus 

,....., C. nardus (L) Rendle Wild citronella Wild Geraniol Bordoloi (1982) 
N Var cenferliflorus 0 .......... 

. Java type C. winterianus Jowitt. Java citronella cultivated Citronella!, Bordoloi ( 1982) 
Geraniol 

Palmarosa oil C. martinii (Roxb) Rosha grass wild and cultivated Citronellol . Zutshi (1982) 
Wats Var motia Geraniol 

Ginger grass oil C. martinii (Roxb) Ginger grass Wild Geraniol, Sundaresh (1982) 
Wats Var Sofia Perillyl alcohol 

Karnkusa oil C. jwarancusa (Jones) Khani grass Wild Piperitone Zutshi (1982) 
SchLitt. 
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Industrial use of citral and its derivatives 

The bulk of the lemongrass oil is used for the islolating of citra!. It is an 

aliphatic terpine aldehyde having the formula C10H160. It has two isomeric forms 

a -and 13-citrals, the chemical structures of which have been represented in the 

Fig.5. In recent years citra I has assumed considerable commercial significance 

in the synthesis of vitamin A. via 13-lor/ne production (Fig'. 6). (Guenther 1950; 
.-

Virmani et al, 1977, 1979; Gupta andjain,1978; Nair, 1982). Cirtal has a powerful 

lemon odour._ It is commonly used in flavours like, apple, grape, orange, lime 

and straw berry. Citra! on condensation, cyclizations oxidation, hydrogenation, 

acetal formation offers products of commerci.al importance. 

Zutshi (1982) reviewed the derivatives of citral with special emphasis on 

their industrial use. Citra! which is a mixture of citra! a-and 13-(Fig. 5) is converted 

to an enol acetate and further treated with methanolic alumi~\.um propoxide to-
-- . 1.. 

yield isocitral which has a fine and mild lemon odour sweeter and fresher than 

citral but this material suffers the drawback of being unstable as compared to 
. ' - . 

citra!. Citra I on condensation with aniline followed by hydrolysis gives a mixture 

of a and 13 cyclocitral. These two can be separated by fractional distillation as 

a'"cycloc.itral (b 195°C) and 13-cyclocitral_(b. 200°C). Th_ey ar_e:useful material for 

obtaining floral lift in rose compositio":J. Citral undergoes aldoftype:condensation 

reactions to offer a large number of semi synthetic product some of which as 

for example citrylidene actaldehyde and pseudoionone are commercially 

. important aroma bearing material. Pseudo-ionone on cyclization with acetic, 

formic or sulphuric acid gives 13:-ionone (Fig. 6) which is commercially made 

use in bulk quantities as an intermediate in vitamin A synthesis. Condensation 

of citra I with methyl ethyl ketone in alkaline medium gives pseudomethyl ionone. 

These has a powerful dry woody odour. Pseudomethyl ionone on cy,clization 

with acids yield a versatile perfumery material, methyl ionone. Citral undergoes 
' 

acetal formation to show odour variation. Some important acetals are : Citral 

dimet~yl a<;;etal to flavour lime and lemon theme, citra! prophylene glycol acetal 

has a pleasant green odour of citrus, lemon and orange types. 

In addition to the above, a few miscellaneous products of citral are produced 
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to exihibit more odour patterns. As for example, nerol finds application in all 

type of florals, colognes etc. Citral methyl anthranalate has orange peel like 

oqour. Geranic acid has a green floral odour good for reproducing geranium 

type of top notes (Guenther, 1975; James Ronald, 1975: Bedoukiam, 1967). 

In 1982-83 lemongrass oil and a-ionone (Fig. 6) together accounted for 

85.5 million rupees (US $ 8.5 million) in foreign exchange (Randhawa and 

Mahey, 1985). However in recent years countries like Guatemala and Haiti with 

better quality oil have started competing sucessfully .. 

Antirt:Jicrobial activity of oil of Cymbopogon Spp with special 
referance to C. pendulus (N~es ex Steudel) W. Watson 

Essential oil obtained from Cymbopogon marliniexhibited inhibitory activity 

against some pathogenic fungi (Deshmukh et al., 1982). Agarwal et al. (1980) 

reported that the oil of C. citratus and its terpenoids (mainly citral) possess 

inhibitory activity against 15 fungus species and 1 0 bacteria. Garg and Garg 

(1980) reported that the oil of C. marliniVar Sofia (Ginger grass) and C. nardus 

(Citronella) po~sess antibacterial activity. Singh et al. (1978)_ reported both 

antifungal and antibacterial activity of the essential oil extracted from 

Cymbopogon pendulus. Lemongrass (C. flexuosus) oil, even at -a_very_low 

concentration (0.4ppm) inhibited the germination· of sclerotia as well as arrested 

the mycelial growth of Rhizoctinia so/ani (Bhabani Devi et al., 1982). Kala et al. 

(1984) stated that the essential oil of lemon grass (C. f/exuosus), palmarosa (C. 

martini}" almost completely inhibited the growth and the production of 

hepatocarcinogen aflatoxin by Aspergillus parasiticus. According to them, the 

oil of C. nard us caused more than 80% inhibition in growth and toxin production. 
() 

AccrQ!ding to Nigam (1982), essential oil of C. flexuosus exhibited activity against 
~ . 

Salmonella typhi comparable with that of chloramphenicol. Similar activity was 

also noted by Rao et al. (1978). Tiwari et al. (1981) reported while testing 

against acid producing activity of Lactobacillus bulgericas and L. delbrueckii in 

lactic acid fermentation of molasses, the essential oil obtailled from leaves of 

C. f/exuosus sho"Yed decreae in lactic acid yield with the increased in essential 

oil concentration. Several other workers also reported antifungal (Gangrade et 
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al., 1991) and antibacterial (Syed Meena et al 7 1990) activity of the essential oil 

obtained from various Cymbopogon species. 

Maity et al. (1985) reported that essential oil of C. pendulus exhibited 

significant antibacterial efficiency against Macrophomina phaseolina. The 

lemongrass oil obtained by steam distillation of the fresh aerial parts of C. citratus 

(DC) Stapf. was investigated for antibacterial activity. The result suggested. 

that the oil possessed antibacterial activity against Gram negative and Gram 

positive bacteria (Onawunmi et al., 1984; 1986). Onawummi and Grace (1987) 

carried out detailed investigation on antibacterial activity and mode of action of 

lemongras oil. It was suggested that oil could be dispersed in 20% 

dimethylsulphoxide (DMSO). The effect of this solvent on vegetative cells of 

Escherichia coli and Bacillus subtilis were investigated. DMSO caused some 

enhancement of the effect of lemongrass oil on Bacillus subtilis cells. 

The oil obtained from C. winterianus, and C. flexuosus are used as 

fungitoxicant due to their antifungal properties (Dikshit and Husain, 1984). 

Essential oil from C. pendu/us exihibited significant antifungal efficiency against 

Drechlera oryzae, at lower dilution (Maity et al, ~ 985). 

Antifungal activity of lemongrass o.il (LGO) has been evaluated using 

fungistatic and fungicidal {spore germination) studies. Appreciable activity of 

oil was observed against various isolates of Candida and chemical isolates .of 

Aspergillus fumigatus, Microsporium gypseum and Trichophyton 

· mentagraphytes. The most resistant organism was observed to be Aspergillus 

fumigatus. Exposure to the spores of A. fumigatus to 0.1% LGO for 5 minutes 

resulted in 95% of spores not germinating while lower concentrations (0.08% 

and 0.05%) caused 80% and 60% reduction in spore germination respectively. 

An aqueous cream containing LGO (0:25%) would effectively preserve the cream 

against fungal contamination (Onawunmi, 1989). 

According to Misra et al. (1988) oil of C.martini exhibited fungitoxicity 

against three species of Aspergillus (A. f/avus, A. fumigatus and A. parasiticus) 

at 3,000; 2;000 and 900 ppm concentrations respectively. 

[23] 



~-

Anti insect efficiency of lemon grass oil 

Now-a-days, more emphasis is given to naturally occurring insecticide 

which were ignored after the discovery of DDT and other synthetic chemicals 

(insecticides). The insecticides killed insects and showed no harmful side effects 

in man as done by DDT and on ecological balance. Oil of lemongrass has the 

activity as insecticides and the activity of which are shown in the table-2. 

Table-2 

Insect control by lemongrass oil 

Constituents of lemongrass oil 

. Citral, citronellol, geraniol 

Citronella! 2% of lemongrass 

oil emulsion 

Citral, citronella! 

Linalool 

Active on References 

Housefly (Musca- Sharma and 

domestica), Aedes ·Saxena, 1974 

aegypti (Yellow 

fever mosquito) 

Cochleomyia Bushland, 1939. 

americana 

Spodoptera Sharaby, 1988. 

exigua 

Mosquito, Penfold and 

Marchfly, sand Morison, 1952. 

fly 

Australian termite Moore, 197 4. 

Pharmacological activity and medicinal use of Cymbopogon 
Spp. 

According to Carbajal ( 1987), c.· citratus leaves are employed by the Cuban 

population as an anti hypersensitive and anit-inflammatory folk medicine. A 10-

20% decoction of leaves was tested using arterial pressure in rats, urine 
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production and carragenan induced idema in rates. The decoction showed some 

dose related hypertensive effects when given intravenously and some weak 

dieuretic and anti-inflammatory effect when given orally. Siddiqui and Garg 

(1990) reported that oil of e. martini possess very good to moderate anthelmintic 

activity against Pheritima posthuma, Tenia so/ium and Ascaris. Oral 

administration of a infusion of lemohgrass fresh leaves to rats produced an 

analgesic effect (Lorenzetti et al., 1991 ). This analgesic' activity supports the 

use of lemongrass tea as a' Sedative' in folk medicine. T erpines such as myrcene 

may constitute a-lead for the development of new periferal analgesics with a 

' profile of action different from that of aspirin-like drugs. According to Liu, min 

and Feng gohong (1989), Cymbopogon depresses epinephrine-induced 

automatability. 

Industrial use of Cymbopogon oil and its export potentiality in 
·_India. 

In India oil of Java citro"nella is a widely used raw material in perfumary, 

soaps, cosmetics and pharmaceutical industries. Citronella oil is chiefly used 

as a soap perfumer and as a source of g~raniol and citronella!. Geraniol esters 

of cinnamic phenylacetic or laueic aCid hold promise of replacing many costly 

. perfume bases (Roy and Goswamy, 1946). 

The annual requirement of the oil in our country for the pharmaceutical, 

perfumary, cosmetics and other industries now ranges from 600-800 metric 

tonnes and its likely to increase. The price of Java citronella oil in the International 

market varies from Rs. 44 to Rs. 60 per kg but in the Indian market if is highly 

flactuating. Upto the end of 197 4, the cost was about Rs. 70 per litre. By the 

middle of 1975, there was a big slump in the internal market and with the· 

restriction of import, the oil price went upto Rs. 115 per kg. and the present 

market price is about ·Rs. 1 00 per kg. The future of citronella industry in India 

would be more secured, if a methodology for price stabilization can be evolved, 

maintaining a balance for the entire trade of citronella oil both in the internal 

market as well as for export. 

[25] 



The lemongrass oil ranked after the sandalwood oil in India's export of 

essential oil. India exported lemongrass oil valued Rs. 45 lakhs during 1978-

1979. Indian lemongrass oil also know!} as East Indian lemongrass oil, is. 

pro'duced mainly in Northern India and Central kerala by distillation of 

Cymbopogon spp. The Kerala State Drugs and Pharmaceutical Co. established 

a plant during 1980 at Alleppy for the manufacture. of Vitamin -A from 

lemongrassoil and their annual requirement is 150-200 M.T. of oil. 

Citra! is the starting material for the preparation of the important ionones, 

a-ionones is used in flavours, cosmetics and perfumes. B-ionone from the oil is 

used for manufacture of synthetic vitamin 'A'. In Kerala, some factories in private 

sectors are manufacturing intermediary products from the oil such as a and B
ionones. The spent grass (the residue after distillation) is used as fodder and 

for the manufacture of card board, papers and straw board industries. 

The export of the oil at one time (1960-1961) from the country was about 
' 

1200 tonnes which gradually fell to the extent of about 250 tonnes during 1984-

1985 (Thakur, 1990). The main reason for the decline in production has been 
e . 

the·low return which com~led the growers to switch over to the crops for more 

return. Improved varieties, having d.esired characters and agronomy practices 

would migrate the situation to cut down the cost on its cultivation. The research 

carried out at CIMAP, Lucknow, has shown that like palmarosa, it may give 

better return as compared to traditional agricultural crops in different types of 

waste lands, dry land, rainfed areas and as an inter-crop in Agronomy. 

Palmarosa oil is produced by distillation of C. martiniVar. motia which is 

native to India. During 1960-1970, export of this oil ranged between 18 and 38 

tonnes I annum which reduced to 1 0-16 tonnes I annum during the years 1980-

1985 (Thakur, 1990). This of course, resulted due to increase in the demand 

for internal consumption but not because of less production of oil in India. Till 

recently the major production of this oil in the country was through the distillation 

of herbs obtained from wild sources from Madhya Pradesh, Andhra Pradesh 

and Maharastra. lnspite of immense utility in perfumary industry, palmarosa oil 

production was not increased. However, palmarosa plantation producing high 
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grade oil as compared to the oil obtained from wild sources have been developed 

at some places in Karnataka, Uttar Pradesh and Orissa. It is estimated that 

about 60-70 tonnes of this oil is now produced both from natural and cultivated 

sources. Through researches, it is proved that it is the best choice for proper 

utilisation of salt-affected soils, dry land rainfed arets and as inter-crop in some 
J... 

agroforestry systems. 

The oil has also found other use in pharmaceutical industry in India such 

as bacteriocidal (Maity et al, 1985; Onawunmi et al, 1984; 1986; 1987), fungicidal 

(Dikshit and Hus$ain, 1984; Maity et al, 1985; Misra et al, 1988 and Onawunmi 

et al, 1989) and insecticidal use (Bushland, 1939; Penfold and Morison, 1952; 

Sharma and Saxena, 197 4; Moore, 197 4; Tippnis, 1976 and Sharaby, 1988). 

Isolation of lemon grass oil and identification of citra I and other 
chemical constituents. 

The ~ainly terpenoid essential oils comprise the volatile steam distillable 

fraction responsible for the characteristic scent odour or smell found in many 

piants (Harborne ;1973). For their isolation from plant tissues niono and 

sesquiterpenes are now a days separated by extraction with ether, petroleum 

ether or acetone. But the classic procedure for essential oils is separated from 

fresh tissue by steam distillation and which is conventional for a longtime 

(Guenther, 1950). Detailed mechanism of distillation process ·for production of 

essential oil has been worked out by Kulkarni et al, (1982}. This was adopted 

by various workers in connection with isolation of oil from lemongrass species 

(Singh et al, 1982; Nair, 1982). 

l'l 
Accfo"ding to Harborne (1973)· Gas Liqui~d Chromatography (GLC) is 

undoubtedly the most important technique for study of essential oils since it 

yields in one operation both qualitative _and quantitative analyses of citral and 

other mono or sesquiterpines. This is particularly important when a similar set 

of compounds occur through a particular plant group, since it is the quantitative 

variation that are most significant. 

[27] 



A survey of current practical aspects of gas chromatography was edited 

by Ettra and Zlatkis (1967). Vernin (1967) reviewed the recent advances in 

theory and details of columns, detectors, support, qualitative and quantitative 
;I 

analysis as related to investigafion or essential ,oils. A review of techniques 

involving gas chromatography and column chromatography was presented by. 

Koedam et al (1977). Aratani and Komoe (1961) reviewed the application of 

gas chromatography to terpenic compounds and perfume materials. 

According to Harborne (1973) for identifications of volatile terpines in any 

plant material it is essential to combine the use of GLC with other procedure 

and especially with TLC. In critical cases both IR and mass spectra should be 
0 ' 

determined (Harborne, 1973). 

Biosynth~sis of terpenoid constituents in essential oil of 
Cymbopogon 

Following the discovery that fTlevalonic acid (MVA) was an obligatory 

intermediate in steriod biosynthesis, its role together with that of the derived 

jsopentenyl pyrophosphate (IPP) and 3,3-dimethylallyl pyrophosphate (DMAPP) 

· in terpine biosynthesis in general, was rapidly explored (Clayton, 1.965) and 

the latter C5 pyrophosphates, taken in conjunction were shown to be the 

biological equivalent of the isoprene building unit. 

The present generally accepted view, largely proposed by Ruzicka (1953) 

is that IPP and DMAPP condense to form geranyl pyrophsphate (GPP) and. 

then yield in sequence Farnesyl pyrophosphate (FPP). These few simple acyclic 

compounds act as the parent of all the volatile compounds in the essential oil 

of Cymbopogon. 

Several detailed studies of the enzymatic steps to the acyclic precursors 

have appeared, the most important of which is MVA-kinase (Hill and Rogers, 

197 4). The feed back inhibition of the enzyme by GPP and FPP (Gray and 

Kekwick, 1972) and determination of the variation in the activity of several 

enzymes of terpenoid pathway during the germination of peas (Green and 

[28] 



Baisted, 1972) has also been studied. The steriochemical details of the MVA

IPP - DMAPP and of other conversions have been elucidated in subsequent 

years.· 

Details of the conversions and functionalisations of the acyclic precursors 

to the individual members of terpeno_id subclasses have been largely explored 

by the study inolving 14C or double (1 4C / 3H) labelling (Hanson, 1970). 

Biosynthesis of citral, an important acyclic monoterpine of the essential 

oil of C. khasianus was studied by varying the photoperiods and using 14C-
o 

acetate as the precursors (Verma et al, 1985). Ac'ir¢ding to them, the dark 

period evidently plays an importa~t role in the biosynthesis of the citral and 

longer periods of incubation with the precursor results in depletion of activity in 

citra! with a corresponding increase in the activity of certain unidentified 

compounds not moving on the silica gel TLC plates. Sharma et al (1985) studied· 

the dyn<:;lmics of oil and citra! biosynthesis in lemongrass (C. flexuosus)~ 

conducit~g an experiment using ten elite clones grown in a replicated trial and A -
harvested and analysed for oil and citra I content in the oil thrice a year during 

September, January and May months. To estimate the pattern of citra! and oil

biosynthesis in the intervening periods, sub-cuts were also made at fortnightly 

intervals. They revealed that citra! content is seemingly less or not flexible but 

oil content is highly sensitive to seasonal fluctuations. The genetical basis of 

stability and dynamics of oil and citral content coupled with the choice of 
Y' . ./.... . impo1 ved clones in lemongrass has also been discussed by them. The activities 
~ . 

of mevalonate kinase and phospho-mevalonate kinase which are involved in 

essential oil biosynthesis have been estimated with the appropriate substrates 

in extracts from green leaves of lemongrass (Lalitha and Ramsarma, 1986). 

These enzymes are exclusively cytosolic in location and have a requirement 

for thiol reagents for showing maximal rates. Both the enzymes need Mg2 ... for· 

activity and are capable of using ATP, GTP or CTP. In presence of Mg, metal 

ions like Fe2+, Cd2+, and Mn2 ... have no effect on the activity of MVAP kinase 

while Mn2+ and Cd2+ increased the activity of MVA kinase. 

Oxydative pathways and essential oil biosynthesis in the developing 
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Cymbopogon flexuosus leaves was studied by Singh et al (1990). The changes 

in essential oil content, in vivo capacity to incorporate (2-14C) acetate into 

essential oils and its constituents (citral and geraniol), geranyl dehydrogenase. 

acti'vity and levels of some important reducing power generating enzymes were 

determined during C. flexuosus leaf development. According to them, only young 

and rapidly expanding leaves were found to have the capacity to synthesize 

and accumulate essential oil and citral. The studies suggest active involvement 

of oxydative p~th ways in essential oil biosynthesis. 

Plant physiological and Biochemical investigation on 
commercially important Cymbopogon Spp with special 
reference to C. pendulus (Nees ex Steudel) W. Watson 

Plant physiological investigation on different species of Cymbopogon have 

been studied by different workers. Vegetative and reporductive growth and 

imp¢rovement of essential oil content of_Cymbopogon sp. has been. correlated 

with photoperiodic treatments (Nandi and Chatterjee, 1-984). The vegetative

stage _is the most effe~tive in synthesizing essential oil though during other 

• stages of development, accumulation of essential oil also occurs. The vegetative. 

stage has maximum rate of extention growth and formation of laminar tissue 

and dry matter which gradually decline during later stages of development. 

During reproductive stage, total nitrogen content has been observed to be 

increased but protein nitrogen content decreased (Nandi and Chatterjee, 1984). 

Effect of various photoperiods and chemical treatments on the germ inability 

of lemongrass (C. martini) seeds were analysed by Roy et al (1985). They 

stated that in continuous dark, seeds failed to germinate but in continuous light 

and in 12 hours light plus 12 hours dark conditions, germination could take 

place. Chemical treatments modified ~he germination behaviour and had certain · 
t. 

interaction with prevailing light conditon that were either conducive or inhibitory 
J.. 

to germination of lemongrass seeds. Singh et al (1985) stated that the produciton 
-o 

of herb and oil'yield of Java citronella (C. winterianus Jw~itt) depend on dates, . e. ;.._ 
methods of planting and number of harv5fsts. 
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Seasonal variation in aldehyde content in oil, leaf yellowing and leaf 

browning in/ Java citronella was studied by Malwatkar et al ( 1985). Ac~pding to 

them, oil obtained from the harvest in the month of Sept. 1980, 1981 and 1982 

showed as marked rise in aldehyde content over other months of the year. 

They also stated that leaf yellowing and leaf browning cause drastic reduction 

in oil yield. Foliar feeding with urea (1 %) and magnes_ium sulphate (0.5%) 

eliminates yellowing. The influence of certain climatological features on yield . . . 
and quality of oil of the plant C. flexuosus in relation to harvesting and planting 

schedule is studied during 1981-1982 (Misra et at, 1985). The correlation of 

data indicate rainfall and temperature to be the major climatic factors in 

accumulation of methyl euginol in the. plant parts, although August to October 
\ 

is suitable in general for harvest, but September harvest seems to be the best 

for herb yield (125q/ha}, oil/ yield (0._6%) and methyl euginol content (77.7%) .. 

According to them, hydrodistillation.of plant material for about 5 hours, increase . -

the methyl euginol of the oil and by fractional distillation under reduced-pressure, 

it is possible to separate the methyl euginol to the extent of 82.0.1 %. 

The effect of different groWth hormones in~ole .. 3-acetic acid (IAA); indole..; 

3-butyric acid (IBA) and gibberellic acid (GA) on the growth and the chemical 
. . -

composition of the essential oil of Cymbopogon jwarancusa · was studied_cbY :- . -_:-

thin layer and gas liquid chromatography (Ansari, 1987). 

· Seed germination characteristic under va~ious treatments and conditions 

viz., environmental aspects,,temperature effrect, of GA,.H
2
0, KCI, CaCI

2
• KN0

3 

and different wave lengths of light on Cymbopogon species and their interacting 

effects on some fodder yielding grasses had been studied by Shahi and Sen 

(1990). Paul et al (1989) conducted an experiment to study the performance of 

Lemongrass (C. citratus) and Java citronella (C. winterianus) irrigated with saline 
· 0-0-i.r.H-=~J 

waters. Salinity tolerance ~ of some cymbopogon species were 

investigated by Fuentes et al (1988). They performed the experiment by placing 

stem, leaf and root segment of some species in NaCI solution and tissue viability 

was determined. According to them, C. citratus was tolerant in highest salinity 

condition. 
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The amount and composition of the essential oil of Cymbopogon f/exuosus 

leaves at different positions in the til_ler and at different developmental stages 

were investigated (Singh et al, 1989). The results showed that only young leaves 

are biologically active, and that the leaf age and leaf position are important 

factors for the amount and composition of the essential oil. Barua et al (1987) 

reported the accumulation of oil content in lemongrass at different stages of 

deve_lopment. 

Phosphoenol pyruvate carboxylase and RuDP carboxylase activities were 

measured in C. citratus.· The values obtained range among these typical of C 
4 

plants. The glycolate oxidase activity can be correlated to the usual law C 
4 

photorespiratory levels. The high chlorophyll a/b ratio is also consistent with 

efficiency of photosynthesis(Meffel et al., 1988). Changes in essential oil and 

citra! content, sucrose metabolizing enzymes such as add invertase (soluble 

and cell wall bound) alkaline invertas_e, sucrose synthesis and sucrose reducing 

sugar ratio were determind during lemon grass leaf development. The immature 
. . 

leaves (65% of full expansion) posses the greatest amount of essential oil and 

percentage of citral. Further development was not accompanied by any· net 

increase in the essential oil poor of the leaf. Soluble acid invertase was the. 

major enzyme, involved in sucrose break down at all stages of leaf development. 

Its activity increased rapidly during the early stages of leaf expansion, reaching 

a peak at the time of most rapid oil synthesis and leaf expansion and then 

declined sharply as the leaf matured. Acid invertase associated with soluble . 

fraction followed the same pattern. The activities of alkaline invertase and 
. .I 

sucrose synthetase were found to be very much lowered. Changes in the sucrose· · 

reducing sugar ratio is correlated with change in acid invertase activity (Singh . 
~a /...v.7T..Yoo-, · · 

et-al.~ 1988). 

Guenther ( 1949) reported that lemongrass (C. flexuosus) requires warm 

claimte, plently of sunshine and intermittent rain for good growth. The plant 

develops inflorescence during hot period. Detailed information on the effect of 

light and temperature on Cymbopogon are lacking. Gupta (1965) showed that 

C. nardus grew very well and gave good yield of oil at the day temperature of 

.35°C-38°C. Khan and Dimri (1969) reported that during long-days both the 
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grasses (Java and Ceylon citronella) gave good results. According to Virmani 

and Dutta (1971 ), warm climate and plenty of sunshine were favourable for 

good growth of the leaves and oil. Singh and Ganguly (1972) reported that a 

moderate temperature ranging between 9°C and 34°C favoured the growth of 

Java citronella and the yield of leaves. Good growth and oil yield of Java citronella 

grass were also recorded at the average maximum and minimum temperature 

of 31.8°C and 21.9°C respectively. 

Floral studies showed that anthesis of C. flexuosus flower occured at 

relatively low temperature. Ghosh and Chatterjee (1976) established the 

photoperiodic control of growth, flower development and essential oil content 

of C. flexuosus and reported that the plant of C. flexuosus possessed the 

characteristic of short-days hastened flowering and increased the reproductive 

growth. Augmentation of essential oil formation under long-day condition was 

also established: 

As regards C. mattini, Girdhari, L. (1935} studied seasonal variations_ in 

the essential oil content of leaves, stalks, flower buds of the entire plant. 
o· - . 

Ac'lpding to. him, after frost, the oil content decreased; the net loss being 13% 

of the maximum oil content. Ahmad and Thinad (1948) reported tliaUf water 

remained standing in the hot weather, the growth of palmarosa grass was 
t . . 

adversely affeted. Subba Rao (1948) found that the monsoon promoted the 
1., 

luxuriant growth of palmarosa grass. Gupta ( 1972) reported that the palmarosa 

grass preferred cool climate. Ghosh and Chatterjee (1977) studied the effect of 

photoperiod ·on growth, development and essential oil content of C. martini 

Stapf. Var. motia in the agro-climatic conditions of Burdwan district in West 

Bengal, India. The data revealed that long-day treatments clearly hastened the 

flowering and increased the growth of inflorescence axis. Tiller formation and 

formation of leaves were inhibited in short-day treated plants in contrast to. 

long-day which exhibited augmented formation of tillers and leaves. Formation 

of essential oil increased appreciably during long-day treatment, but in short

day treated plants, essential oil decreased. 

·Extensive work on the effect of growth regulators on the genus 

1 ... .,~1 
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~ ... _\ 

-~. 

Cymbopogon is wanting. Kokate and Verma (1971) studied the effect of IAA on 

the growth and dev~lopment of lemongrass and citronella grass and reported 

that IAA enhanced the vegetative growth, the increase in the fresh weight of the 
. . 

leaves being over 60%. This increase in the weight resulted in the greater yield 

of volatile oils and their chief constituents. Ghosh and Ch9tterjee (1976, 1977) 

studied the effect of different hormones and chemicals on the germination of 

see.ds of lemongrass and palmarosa and found encouraging results. They 

mentioned about primary and secondary dormant states of seeds of two grasses 

and showed differential_ sensitivity of those dormant states towards low 

temperature, light and thiourea trea~ments. They also studied (1976) the effect 

of gibberellic acid on essential oil formation of the two species of Cymbopogon 

in the agroclimatic condition of Burdwan (India). Sankar et al (1990) studied the 

effect of growth regulator on the production of oil and its quality in lemongrass 

(C.f/eslf.osus), Var., OD-19 and showed that slips I seedling gave significantly 

higher herb yield but growth regulator did not show. any significant effect on the 
'> r. ' -

. oil yield and oil quality. 

~ . . 

Genetic imppfvement _of Cymbopogon Spp. with special 
reference to C. pendulus· (Nees ex Steudel) W·. Watson . 

. Kale (1985) investigated improvement of C. martini Jowitt through 

mutagehesis. The investigation is designed to delineate the extent of genetic 

divergence induced in some of the agronomic characters by X-ray treatment as 

well as to identify superior genotypes with reference to the important yield 

contributing characters, viz., leaf length, leaf breadth and tiller number. Through 

chemical mutagenesis, a new strain of lemongrass has been isolated ar;td 

established by Handique (1985). According to him, this new chemo-mutant of 

lemongrass is morphologically similar to any other lemongrass but its oil is 

colourless and out .of the two isomers of citral, ohly citra I a. is exclusively present. 

~ -citral is present in negligible amount. 

Seeds of lemongrass (C. flexuosus) variety 00-19 subjected to gamma 

irradiation was studied by Shylaraj and Thomas ( 1988). They found significant 
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increase of herbage and oil yield at 20 K rad dose and citral percentage by. a 

dose of 10 K rad. Effect of gamma irradi_ation in improvement of Cymbopogon 

pendulus (Nees ex Steudel) Wats. (Strain 'RRL-16) was studied by Kole and 

Sen (1985). Vegetative slips with dormant axillary buds were treated with 3,6,9 

arid 12 Krad of acute gamma rays. Development of axillary buds and survival 

of plants were adversely affected due to irradiation. The, important quantitative 

characters including the oil yield of the treated population registered increase 

in variation and shift of mean value in both positive and negetive directions 

compared to the control population. Singh et al. (1990) worked out the effect of 

different doses of gamma irradiation on growth, oil content and composition in 

palmarosa (RRL-82). According to them, exposure to radiation caused an 

·adverse effect on growth, while oil content remained unchanged and its 

composition varied. Mutation induced through chemical and physical mutagen 

helps in increasing genetic variability taking the advantage of vegetative 

propagation (Punia et al, 1985). 

Cultural practice of commercially important Cymbopogon Spp. 
:with $pecial reference to C. pendulus {Nees ex Steudel) W. 

··Watson in· India.· 

Rajamani et al (1965) studied the experiment on the possibility of citronella 

production. They had shown that Cymbopogon nardus grew well and the yield 

of oil was 0.6% on the fresh weight basis. They planted Cymbopogon winterianus 

and showed satisfactory yield of oil. ~upta et al (1969) studied the tiller behaviour 

underTerai (U.P.) region and showed highesttillering during-August-September. 

They claimed that young leaves had higher oil content. Khan and Dimri (1969) 

observed that under light irrigation during long-day spells, both the grasses 

(Ceylon and Java citronella) showed good results. Palmarosa and lemongrass 

are mostly grown as rainfed crops. However, supplemental irrigation are found 

useful and necessary during hot and dry summer months. Like other crops, 

irrigation is necessary to increase the fertilizer use efficiency. Information on 

water requirement and scheduled irrigation in these crops is very scanty. It has 
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been observed that 4-6 suplemented irrigation during summer season in 

lemongrass significantly increaed the herb and oil yields in North India (Virmani e.. . 
et al, 1917). Besides these supplfmental irrigation, one or two irrigations were 

- D 
needed for the establishment of the CP£P· Citronella requires more irrigations, 

while palma rosa and lemongrass can withstand soil moisture stress to a greater 

extent b(3cause of their deeper root system. In Madhya Pradesh palmarosa 

was successfully grown as rainfed crop (Maheshwari et al, 1984 ). It was observed 

that good yield could be expected even poor soil under irrigated condition. 

The grasses are grown in a wide range of soil conditions ranging from rich 

loa~ to poor laterite. However, they prefer well-drained nutrient rich soils. These· 
\ 

grasses, because of their deep adventitious root system help to check soil 
s . 

· ero1ion and therefore, can be grown in sloppy lands and hill tops which are 

pro~e to ero~on. The crops .can tol~rate salinity and alkalinity to a higher level . , 
where common arial crops can not thrive. Sarma et al (1972) observed that 

palmarosa could be grown in soils having pH 1 o.o: Patra and Dutta (1979) also 

reported successful cultivation of palmarosa· in soils having high electrical 

conductivity. Among the three grasses, citronella Java is less tolarent to salinity 

in comparison to palmarosa and lemongrass. Singh and Anwar (1985) reported 

that palmarosa, lemongrass and citronella can be grown without reducing herb 

and oil yield in salinity condition. 

Micro plot studies were conducted by Khan and Narayana ( 1972) at Agra 

using water having high electrical conductivity. They observed significant 

increase in growth and yield of palmarosa. There was no significant effect on 

the·level of oil content with the increase in level of salinity. Citronella, however, 

had a wider adaptability in different soils varying from ~andy loam with pH 

· ranging from 5.8 at the foot hills of As·sam and Annamalai (Tamil Nadu), neutral 

in Gujrat, slightly alkaline in Karnataka and Indo-gangetic plains. In Assam . 

hills, herb yield, oil content and total citra! content _in lemongrass increased 

significantly at neutral pH (7.5) over lower pH 4.8 (Singh et al, 1983). 

Chandra (1973) reported restricted growth of citronella Java planted at an 

elevation higher than 400 m above MSL. Virmani and Dutta (1969) had shown 
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that warm climate with plenty of sunshine was favourable for good growth and · 

yield of oil in C. winterianus. Ideal development of these crops required well 

distributed rainfal (150-200cm), temperature 10 to 30°C and high average 

humidity (over 70 per cent). They observed that Palmarpsa, could withstand 

semi-arid claimate having rainfall less than 1 00 em. All these grasses were 

highly susceptible to low temperature and frost as both seriously impaired growth 

and establishment of these crops. Singh and Ganguly (1972) reported that 

citronell.a requires relative humiclity of about 70 per cent and temperature 

· between 9°C to 33°C for optimum growth iri Assam condition. Rainfall was 

reported to be the only feature for singificant reduction in oil content and 

temperature and relative humidity bad no effect on yield and quality of oil. 

Highest annual yield of oil was obtained/When Java citronella was of 

medium height as compared to the plots from which cuttings were dpne at iow 
~ . 

and maximum heights. Accfo"ding to them leaves cut after five months yielded 

highest oil content. 

. Gupta (.1-972) observed that Palmarosa once established, could give 
' 

economic yield for 3-5 years depending upon the management praCtices 
- .. 0 Y' 
adopted, cl_imatic condit~ns and soil fertility status. Accfo,...ding to Gupta (1972) 

Palmarosa and lemongrass are gen~rally raised directly by sowing seeds and 

citronella by transplanting rooted slips. Lemongrass is sometimes planted by 

rooted slips depending on their availability. Raising of seedlings in nursery and 

subsequent transplantation in the field at 6-7 leaf stage of palmarosa and 

lemongrass are also practiced. However, direct seedling of palmarosa is 

generally pr_eferred as it is less expensive, needs less labour cost during sowing 
t. 

and has an advantage of early vegetative growth. But transplanting of seedings 
. A 

often proves advantageous as it ensures uniform plant population (Gupta, 1972). 

A higher economic yield and increase in life span of transplanted lemongrass. 

has been reported by Nair et al (1980). Similarly, transplanting of palmarosa 

seedling 'is observed to be better than. planting through rooted slips as the 

former gives higher percentage of geraniol (Kanzilal et al, 1981 ). 

Generally, rainy season (June-July) is the ideal.time for planting of these 
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grasses to ensure quick establishment. Accfoding to Dutta (1984}, best time 
A -

for planting the C. winterianus is June with the onset of monsoon. However, 
~ . 

work carried out at Cen,rallnstitute of Medicinal and Aromatic Plants, Regional ,.._ 

Centre, Pantnagar revealed that in areas with assured irrigation planting in 

February- March is superior toJune-July planting as weed infestation is not so 

severe in the former case. Moreover, the grasses planted in February-Mrach 

become estab~ished at the onset of monsoon and an additional yield is achieved · 

in rainy season harvest;. Narayana et.al (197~) found that the root type ofthe 

slips of Java citronalla did not cause significant differences in the rooting and 

tillering of the plants. Singh et al (1976) also studied that the oil percentage 

varied widely in different parts of the plants, due to different harvesti~g intervals. 

Sarma et al (1977) found 75cm x 75cm as optimu~ spacing and oil obtained in 

C .. winterianus during different hours of distillation appeared to varry 

considerably, both as regards yield and quality. Ganguly and Thyagarjan -(1976) 

reported that under the conditions of North-East India, the first cutting could be 

taken four_months after planting and-thereafter at the intervals of 90 days~ They 

showed that the leaf blade was the best part of the plant for higher oil yield and 

standard quality. 
. ~ 

As regards-drying experiments with the-west Indian type of lemongass in 
. 1. i' 

Florida, Hood (1917) found that drying of leaves prior to distilation resulted in 
. A. 

only small· loses of oil. Similar experiments by Puerto Rico Experimental Station, 

United States, Departments of Agriculture led to the conclusion that drying 

resulted in a great saving of field labour. According to Guenther (194;9) the 

plants of_lemong~ass required warm tropical climate and plenty of sunshine. 

Some cultural studies had also been done by Swamy (1958) and Chatterjee 

( 1960) and reported only the feasibility of growing lemongrass at the altitudinal 

regions of 1500 m in E. Himalayas. Dutta and Bradu (1973) studied the 

proliferation in Cymbopogon and their role in plant population. The field 

experiments had shown that harvesting grasses at 60-65 days intervals was 

the best for increased grass yield. 

Atal. and Bradu (1976} used 45cm x 60. em spacing and the timing of 

harvest was determined on the basis of existance of sufficient leafy growth and 
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optimum oil content. Ghosh and Chatterjee (1976) studied the effect of different 

· sowing and transplanting times on the growth and yield of the oil of C. flexuosus 

Stapf in the District of Burdwan, West Bengal. The plant showed maximum oil· 

in June-sown plants and July-transplanted plants. In general, transplanted plants 

had greater percentage of oiL Harvesting done at 40 days inteval revealed 

higher oil formation. A gradual increase of essential oil was noticed upto the 

flowering stage of plants. Duhan et al (1976) reported that C. pendulus should 

be planted during March :and the spacing 60cm x 60cm showed maximum 

vegetative growth during rainy season. Singh et al (1977) had shown that an ~-

interval of 70 to 77 days between 1st and 2nd harvests was shown to be the 

best for citral content and normal growth period of C. pendulus (RRL-16) was 

observed to be about 8-9 months in Jammu. 

As regards palmarosa grass (C. martini Stapf. Var. motia), the best yield 

of oil was obtained by cutting grass after one week of flowering of plant (Girdhari, 

1.935). Accyo~ing to him, the oil conte~t of leaves ranged between 1.22% and 

1 :30% of the dry weight in the mor~th of September and gradually rose to 

maximum of f.39% by the middle of October when flowering occured, after 

which it showed a slow gradual decline. Rakshit and Dutta (1947) reported the 

-yield of oil from the whole plant befor~ flowering to be 0.13% to 0.21% as ~-

against 0.73% to 0.98% during flowering. According to Narain and Das gupta 

(1948), leaves of palmarosa contained 1.32% of oii and flower heads contained 

1.71% of oil. . 

Subba Rao et al ( 1948) indicated that the growth of the grass was generally 

luxuriant during monsoon and decreased with the advent of summer. According 

to them drying of grass did not affect the oil yield but the oil was inferior to that 

obtained from green grass. Mandlekar (1949) observed that when the clumps 

of C. martini were kept at 90cm x 90cm, the oil content increased from second 

year onwards. 

Gulati (1963) reported the average yield of oil from palmarosa in Maharastra 

soil to be 0.5-0.6% and in Andhra Pradesh 0.95%. Karira and Beri (1966) studied 

the cultivation of palmarosa at Dehradun and reported that the yield of grass ----t". 
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was maximum in the second year and decreased with the age of plantation. 

They also found that one third flowering tops contained much more oils than 

the two-third lower leafy portion; the former having higher-oil content at the full 

flower stage. It was also revealed that at the flowering stage, the quality of the 

oil was better than that of late-flowering stage. Accfc{cting to Gulati et al (1966), 

the yield of oil of C. martini could be raised two to three times if the crop was 

speced at 90 em x 90cm. Virmani et al (1967) had grown the palmarosa grass 

by thr.ee methods : (i) direct seed sowing, (ii) nursery transplants, and (iii) root 

division. They observed that during transplanting experiments with an ample ~ 

supply of water, growth of the plant was maximum. 

Virmani and Dutta (1969) studied the seasonal variations of oil ofpalmarosa 

at Lucknow, lndi.a, and gave a detailed description about the so.il, climate, method 

of sowing, transplanting, harvesting method etc. Ghosh and Chatterjee (1976) 
.. 

observed that May sown and July transplanted plants gave maximum oil and 

the transplanted plants were better both in respect to growth and oil.yield of 

grass .. They also .found a-gradual increase of essential oil content upto the 

flowering stage of the plants. . 

The plant to plant and row to row spacing has· a significant role in 

. performance of the grass. In citronella Java, spacing of 90cm x 60cm which 

accomodates more than 12000 plants/hahas been observed to show maximum 

yield in West Bengal (Chatterjee and Ghosh, 1977) and North East Indian 

conditions (Ganguly, 1973). Dimri et al (1973), however, suggested 60cm x 60 

em spacing (27,00 plants I ha) for citronella Java as optimum in Peninsular 

India. Experiments conducted at CIMAP,Regional Centre, Bangalore, revealed· 

linear increase in both herb and oil yield due to increase in the levels of plant 

population from 20,000 to 50,000/ha (Bommegowda at el, 1983). Under.Lucknow 

condition, maximum yield was recorded at 60 x 30 em. specing for the plant 

(Yadav et al, 1948). 

Spacing has a singnificant role on yield and growth parameters of 

palmarosa (Verma et al, 1984). Virmani et al (1977) recommended a wider 

spacing of 60 x 60cm or 45 x 45cm for North India. However, a closer spacing ~--f"-· 
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of 40 x 30cm or 30 x 30cm is found advantageous in Assam (Hazarika et al, 

1981 ), Karnc;~taka (Prakasa Rao et al, 1985), Delhi (Pareek et al, 1981 a), Kerala 

(Nair et al, 1980) and Punjab conditions (Sharma et al, 1977). 

In lemongrass, spacing of 30 x 30cm- to 60 x 60cm has been reported by 

several workers. Singh et al (1983) compared spacings (30 x 30cm), (45 x 

45cm) and 60 x 60cm) and observed that closer spacing (30 x 30cm) with 

1,11,000 plants I ha was optimum for producing maximum herb and oil yield. 

Sarma et al (1977) used three row spacings (30,45, 60cm) and had shown that 

variation in row spacing did not affect the herb yield significantly. · 

Nandi and Chatterjee (1991) ,observed that oil content was maximum in 

citronella growing hilly regions as compared to plantations in North Bengal plains. 

They stated that the rate of leaf and tiller formation revealed a close ·relationship 

with the rate of essential oil biogenesis. Agro-technological studies of Ghosh· 

(1989) on Cymbopogon species clearly revealed the possibility of commercial 

cultivation in the Gangetic plains of Hooghly district, West Bengal. Aclr¢ding to 
. . " 

him, out of the three species of Cymbopogon (C. flexuosus, C. martini and C. 

win(erianus) C. f[esuosus (OD-19) crop proved to be promising showing better 

growth, oil yield and oil quality, Accfoding to him the crop inay-qe.commercially 
. . " 

exploited in the area for diversificati~n of crop pattern and upliftment ·of rural 

economy: 

Fertilizer trial on commercially important Cymbopogon spp with 
special reference to C. pendulus (Nees ex Steudel) W. Watson. 

Guenther (1950) in his extensixe review on manuring and fertilizer 

management of citronella Java recomended large scale use and importance of 

spe_nt grass or ash and green manuring in citronella Java in Java, Sri Lanka,·. 

Guatemala and Haiti. Earlier reports indicated that citronella plantations were 

not subjected to extensive manuring. However, use of ammonium sulphate 

and potassium phosphate have sometimes been recommended (Brown and 

Methews, 1951 ). The plant of C. winterianus is very sensitive to nitrogen fertilizer; 
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which reduces the oil content of the grass and abnormally increases the 

green matter. Joachin and Pandittesekera (1953) reported that nitrogen alone 

did not increase yields. Manuring with NPK was the most effective in 

increasing yields of grass and oil. Kaikini (1.969) showed th~t artificial 

manuring with chemicals and fram-yard mannures produced good result by 

increasing yield. Singh and Ganguly (1972) studied the f~rtilizer effects and 

· showed that nitrogenous manuring with 80 and 120 kg. of nitrogen per hectare 

resulted optimum yield of leaves. Effect of organic fertilizers on herb and oil 

yield has been reported by Joachin a~d Pandittesekera, (1953). It is observed 

that oil yield obtained in 6 years of cropping was maximum (716 kg./ ha) with 

balanceq fertilization, medium (426kg./ ha) with nitrogen alone and lowest 

(308kg./ha) with no fertilizer application. Application of 1 OOkg. nitrogen (as 

urea in six splits) and 50 kg. p
2
0 5 (as single super phosphate in two splits) 

per year in addition to 15 tonnes offarm yard manure applied before planting, 

markedly increased the oil yield in Bangalore conditi<~>n (Khan and Narayana, 

1972). However, at Bhubaneswar, Dutta and Misra (1973) suggested a dose 

of 25kg. P 20 5 and 20 kg. ~0 per hectare at the time of planting followed by 

60kg. N/ha as top dressing for first year and 120 kg. N, 40 kg. each of P 
2
0

5 

. and ~0 respectively per hectare for secorid and subsequent years for a 

sandy loam soil having a pH 6.1 for maximum yield of herbage and oil. ~~ 

Chandra (1972) showed that nitrogen and phosphate in combination 

produced higher number of tillers while potassium affected the stand of plants. 
' For more production of oil, nitrogen and potassium were essential. Dimri et 

al (1973) working at Bangalorq. on sandy loam soils with low organic carbon, 

available P and high available K, having pH 7.3 obtained maximum oil yield 

from a three-year crop with the application of 450 kg. N (in six split doses}, 

100kg. P
2
0

5
and 125 kg. ~0 in addition to application of FYM@ 30 tonnes 

I ha at the time of planting. Dutta (1974) observed that citronella was a 

nitrogen loving plant. Application of mixed fertilizers was prefered and had a 

good effect on growth of the plant. Narayana et .al (1975) indicated that 

450kg. of nitrogen, 1 OOkg. of phosphorus and 250kg. of potash per hectare 

improved the yield significantly. Singh et al (1976) observed that manuring 
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with varying levels of N (upto 1 OOkg. I ha), P and K (upto 80kg. i ha) in various 

combinations did not have any effect on the yield and quality of the oil in Assam. 

Narayana et al (1976) studied that a higher annual yield of oil could be 

obtained by the application of 15 tonnes of FYM, 250kg. of urea, 31 Okg. of 

superphosphate and 120kg. of muriate of potash. It was noted that quality of oil 

· wa~ not affected by the application of fertilizers. Subsequently, higher fertilizer 

l.evels also enhanced the essential oil accumulation. Atal and Bradu (1976) 

used a basal dose of 1 OOkg. N, and 50kg. each of P and K per hectare when 

they studied and compared herb and oil yield of the three lemon grasses, viz., 

Cymbopogon nardus (RRL-5), C. citratus (RRL-9) and C. pendulus (RRL-16). 

Ganguly and Thyagarajan ( 1976) fo't.md that a level of 200kg. Nlha was optimum 

for Java citronella, depending upon the soil conditions of North-East India. 

According to them, the effect of P and K on yield was not appreciable, although 

P appeared to influence tillering. 

Bommegowda et al (1983), while working on citronella at Bangalore, on 

red loamy sand oflowto medium fertility and pH 7.5, observed a linear increase 

in both herb and oil yields due to increase in the levels of N from 75 to 150kg./ 

ha. However, they did ·not find response of potassium beyond 42kg ~Oiha.: In 

terai region of Uttar Pradesh application of80kgN and 40kg P20/halyearwithout 

potassium application was found suitable for optimum herb ~nd oil yields in 

citronella (Singh et al, 1983). However, Ghosh and Chatterjee (1978) 

recommended application of 200kg N, 25kg P 20 5 and 60kg_ ~0 I ha at the foot 

hills of West Bengal. Response of nitrogenous fertilizer as high as 400kg I hal 

year was observed by Prakasa Rao et al (1985) at Bangalore. Neem cake 

coated urea was found effective at higher N levels, i.e., 300- 400 kg Nl hal 

year. An application of 80% of the total N through soil application and rest 

through foliar spray was suggested by Bommegowda et al (1984). In sanqry 

loam soil conditions of Lucknow, Yadav et al (1984), recorded optimum yield 

with the application of 180kg Nlha. In a recent study of the same location, 

application of 200kg N, 80kg P 20 5 and 75kg ~0 I ha have been found suitable 

for optimum yield (1988). Different levels of nitrogen along with the harvesting 

'. _____.._ 
' 

intervals also influence to increase herb yield, oil and geraniol content (Munsi ~ 

[43] 



·and Mukherjee, 1985). Application of375kg N/ ha/ year was recommended by 

Prakasa Rao et al (1988) to achieve highest herb yield and nitrogen uptake. 

Singh et al (1990) studied the _influence of amounts and methods of potassium 

application on yield and quality of citronella Java (C. winterianus). Amounts 

· and methods of K application showed no effect on oil yield. They recommended 

the application of 41. Skg/ha in four splits, one after each l;larvest help to obtain 

maximum yield in this perennial grass. 

Very_ little information is available on micronutrient r~quirement of citronella. 

Deficiency of micronutrients occurs both in new and old plantations. Deficiency_ ~ 

in most of the cases disappear with subsequent growth, but in certain cases

evidences of continued· deficiency has been observed. Gupta et al ( 197 4) 

observed leaf chlorosis in citronella and suggested spraying_ of micronutrient 

solution containing 0.2% Zn, 0.4% Mn, 0.6% Fe, 0.1% Cu followed by two 

more spray of 0.6% of Fe at weekly interval. 

Effect of fertilizers on the impr.ovement and yield of oil of C. flexuosus 

(leniongrass) have not been studied much. The grass grows best on well-drained 

sandy loam soil and plants growing in humid loam soil contains less citral:content 

·. (Guenther, 1949). Extensive studies· on agronomical practice on lemongrass 
. - -

started in the Lemongrass Research Station, Kerala, in 1951. Kokate and Varma 

(1971) applied urea and ammonium nitrate at the rate of 150kg/ bed (300cm x 

60cm) to the plants of C. citratus and C. nardus at Sagar. Sreedharan et al 

(1973) studied the effect of different doses of spent lemon grass compost and 

ash on grass yield, oil yield and citral percentage of the oil and reported that 
.• 

application of spent lemon grass compost and ash 2500kg and 1875kg 

. respectively per hectare per year was the best to get optimum yield of oil and 

_ citra I percentage. Bradu and Atal ( 197 4) used an initial dose ?f fertilizer at 40, 

~0, 20kg of NPKI acre respectively. Nair et al (1976) studied the effect of seven 

micronutrients, viz., Bo. Cu, Mn, Zn, Mo, Fe and Si on the grass and oil yield 

and the citral contents of lemongrass oil (C. flexuosus) and showed that the 

copper application gave the highest yield of herb and oil. The micronutrients 

used in the experiment were found to be effective in increasing the quality of 

lemongrass. 
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Singh et al (.1976) showed that treatment with N 360kg/ ha significantly 

increased the yield of herb and oil of Jummu lemongrass (C. pendu/us, RRL-

16). The effect of phosphorous and potassium in combination ~lth similar do~ 
of nitrogen (180kg I ha) were more marked under the treatment of 180:60:120 

kg/ ha of N:P:K and 180:80:160 kg/ha of N:P:K for the production of herb and 

oil respectively. Ghosh and Chatterjee (1976) showed maximum growth and 

increase of essential oil content inc_. flexuosus at 25:20:15 kg./ acre of N:P:K 

treatments. Duhan et al (1976) applied fertilif:ers.at the rate of 120:60:40 kg of 

-·~ 

N:P:K in C. pendulus and showed good growth and yield of oil of the plant. ~-

Nair and Chandrashekharan (197 4) recommeded the use of 2.5 tonnes of 

compost and 1.87 tonnes I ha of ash ·as basal application during land preparation 

of lemongrass in Kerala condition, whereas, for the hilly tracts and Gangetic 

plains·ofWest Bengal, Chatterjee and Ghosh (1977) suggested application of 
. iYl 

60kg N, 50 kg P 
2
0 5 and 35kg ~0 I ha for optium yield. However, Prasad and 

/.. 
Mukherjee (1980) obtained the highestreturnwith 40kg Nand 40kg P

2
0 5 / ha.· 

Prakasa Rao et al (1985) did not observed any response of phosphatic and 

· · potasssic fertilizers but herb yield was singificantely influenced by N application. 

Prasad ( 1978) obse_rved a singnificant interaction effect of P and K. The optimum 

dose of N for Jummu lemongrass (C. pendulus) was found to be between 250 ~-

and 340kg N/ha under Jurrimu ~ondidi\hns. 
u,. 

Nitrogen requirement of leinongrass (C. f/exjpsus) for optimum performance 
.· ..... 

in Western Uttar Pradesh was studied by Samiullah et al (1988). They conducted 

the experiment after using 8 levels of basal nitrogen doses and found that 30kg 

N/ha was optimum. Prakasa Rao (1986) studied the effect of spacing and. 

nitrogen ·on herb yield of C. citratus and C. flexuosus. They conducted the 

experiment.wlth the use of four levels of nitrogen, viz., 0, 20, 40 and 60kg N/ha 

an.d found that increasing levels of nitrogen increased the yield. 

Nutritional requirement of palmarosa is low to moderate as compared to· 

citronella. Mandlekar (1949) found that increa~ing fertilizers increasesd the yield 

of oil content. Virmani et al (1967) studied extensively about the manuring of 

palmarosa grass at Lucknow. Gupta (1972) reported that the plant responded 
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favourably both to the application of FYM and organic fertilizers. Basal application 

of N,P and Kat the ratio of 40:30:20 kg I ha h.ad given good results. This was 

supplemented further by the application of 40kg of N as top dressing. Gupta et 

al (1975) studied the effect of fer_tilizer on the growth and yield of oil in three 

confounded fertilizer trial and showed that fertilizer application had little effect 

on initiations of flowering. Ghosh and Chatterjee (1976)' studied the effect of 

. fertilizers on growth, development and essential oil content of C. martini and 

reported that the dose 25:20:15.kg NPK/ acre was optimum for maximum 

increase of essential oil content and good growth of the crop in the district of -,....-, 

Burdwan, West Bengal. Sarma et al (1977) had shown that application of 150kg 

Nlha was significantly superior to·· that of 75kg Nlha, whereas, phosphorus 

application showed non-significant response. Hazarika and Bora ( 1977) reported 

that maximum grass yield and oil was obtained applying NPK (60:40:t40fkg I 

ha).' Gupta et' al ( 1978) recently mentioned about" seasonal variations of the 

effect of fertilizers on growth and oil content of palmarosa. 

A continuous good harvest for 3-4 years and sometimes· 5-years is obtained 

with proper replenishment of nutrients. Sharma et al (1980) working at'CIMAP, 

. Lucknow, recommended application of 40kg N in addition to 10 tonnes FYMiha 

for an optimum yield. However, oil yield was maximum with combined application ___.......,..._ 

of 40kg each of N, P 
2
0 5 and ~0 /ha (Hazarika et al, 1978). Average requirement 

· of N, P 
2
0 5 and ~0 for palmarosa was observed to be 75, 40 and 40kg, 

respectively. Sarma et ai (1980) calculated the cost benefit ratio in relation toN 

fertiliz~r and recorded a net return of Rs. 24.39 per kg at 75kg Nlha which 

decreas.ed to Rs. 18.87 at 150kg Nlha. 

Prakasa Rao et al (1985) working on palmarosa at Bangalore on sandy. 

loam soil suggested the application of 240kg Nlhalyear for maximum oil yield 

(239.2kg I ha in two years). Results of the trial conducted by Chinnama and 

Aiyer (1988) at Aromatic and Medicinal Plant Research Station, Odakkali, Kerala, 

revealed that application of different levels of NPK fertilizer on palmarosa had 

no significant influence on most of the physico-chemical properties of oil. A 

study on the phosphorus utilisation of palmarosa was conducted with four levels 
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of N (0740,80 and 120kg/ha) and three levels of P (40, 60 and 80kg/ha) and of 

K in polythene lined pots with three replication
1 

(Barooah et al, 1990). They 

considered N8~ and P 60 kg/ha to be the optimum for palinarosa. Comparative 

responses of palmarosa to Azatobactor and nitrogen under rainfed and irrigated 

condition were studied by Maheshwary et al (1991 ). During investigation 23% 

and 22% of Increased herbage yield and 46% to 52% increased oil yield 

respectively were noticed over control by the application of Azatobactor and 

80kg N/ha under rainfed conditions. Whereas, increase of 16% and 29% herbage. 

yield over control was noticed after applying Azatobactor. '--Y 

No serious efforts have been made to work out micronutrient requirement 
I . 

of palmarosa. Nair et al (1979) recommended the application of Cu for getting 

higher yield in Kerala. Spraying of FeSO 4 and MnSO 4 (0.5%) was found beneficial 

· in palmarosa (Pareek et al, 1984). Sarr:na et al (1980) also reported higher yield 

of palma rosa in all the four harvests with the application of 25 kg ZnSO iha. 

Weed control and harvest management o.f commercia.lly 
important Cymbopogon Spp in India. 

Effective weed control if) aromatic grasses has a significant role as it has 

been observed to effect the ~Eflld and quality of the essential oil. Since these 

grasses are sown I planted during rainy season, they have to compete with a 

wide range of weeds. For a good establishment of the crop it should be kept 

weed free for the initial 3-4 months. Once the crop is well established it can 

compete with the weeds. Yadav et al (1.981 a) observed that, 15 to 20 days after 

planting of citronella Java is very critical for weed crop competition. They 

observed that weed reduced the yield of citronella by 50% in the first year and 

about 17.3% in the second year. Duhan and Gulati .( 1973) recorded about 86% 

control of weeds by the application of 2, 4-D application was effective for the 

control of dicot weeds in citronella Java. In Regional Research Laboratory, 

Jammu, Khosla (1979) observed a significant control of dicot weeds in 

lemongrass with 2,4-0(80% sodium salt). He suggested the application of 

gra~oxone @ 51/ha to control the weeds mainly grasses and dicots which are 
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resistant to 2,4-D. At CIMAP, Lucknow~ Yadav et al (1981 b) tested six herbicides 

(Fernoxone, Lasso, Diuron, Simazine, Atrazine and Tok E-25) for weed control 

in citronella Java. Out of these Diuron and Simazine were found so more 

effective. 

According to Singh (1988) fresh herbage and oil yielc;i of citronella in weed 

free and weedy plots significantly increased up to the application of 200 kg N/ 

ha, whereas, the response was· only up to 150 kg in diuron treated plots. 

Application of diuron successfully controlled the weeds in citronella. 

The harvest management is one of the most important factors which 

markedly influences the yield and quality of oil. According to Subba Rao et al 

(1948) 7 to 10 days after flowering is the best time of palmarosa harvest to get 

. maximum oil yield. Pareek et al (1981 c) on the other hand, suggested harvesting 

of palmarosa at early seedling stage for production of perfumery grade oil. 

They also observed higher percentage· of free geraniol with superior odour 

value of oil at early stage as compared to oil at, the stage of the plant bearing 

maximum number of opened flower. 

. In lemongrass, since the leafy portion is the major site for oil production, 

emphasis is given to harvest it during the maximum vegetative growth period. -~-

In Kerala, Nair et al (1979) suggested that first harvest be taken at 90 days 

after planting and subsequent harvests at 50 to 55 days interval. However, in 

citronella Java, Chandra et al (1970) suggested the first harvest at 75 days 

after planting, second at 120-130 days after first harvest and third at 150-160 

days after second harvest. Four harvests at 3 months intervals have been 

· suggested by Singh and GQnguly (1972) in Assam. Kuriakose (1989) conducted 

a trial by harvesting the crop at 50, 60, 80 and 90 days intervals and found that 

· maximum oil yield was obtained when harvested at 90 days interval. Harvest 

management studies on a newly evolved lemongrass strain, CPK-25 

(C.khasianus, C. pendulus) were carried out by Paul et al (1990) by harvesting 

two, three and four times in a year during 1st year and four, five and six times in 

a year during the 2nd year. They obtained maximum oil yield (313kg/ha) in the 

1st year when three cuttings I year were taken. 
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Biotechnological investigation on commercially important 
Cymbopogon spp 

High frequency plant regeneration of Cymbopogon martini (Roxb.) Wats

by somatic embryogenesis and organogenesis was sh:idied by Baruah and 

. Bordoloi (1989). Barthakur and Bardoloi studied in vitro regeneration of Java 
' Citronella (C. winterianus Jowitt). Regeneration of plantlets from invitro 0u!tures 

\ r 

of C. winterianus nodal explant was obtained in modified MS basal me.''·ium '--f--.... , 
supplemented with NAA(0.5 mg/1) and BAP (2.0mgll). Innumerable number .'·f 

' shoot buds primordia developed from the nodal region within 1-2 months. Rooting 

of the differentiated shoots were reaaily achieved within 78th days with IBA or 

NAA 5. 0 mg/1 alone. Embryogenic culture were indicated from secondary explant 

in both modified MS and SH media supplemented with 2,4-D, NAA, and IAA 

· (0.4-0.5 mg/1). Embryoids developed into a small shoot and root when they 

were transferred to hormone free MS b~sal medium only. A procedure has 

been established for high frequency, long-term plant regeneration from leaf 

sheath derived callus of citronella Java, variety 'Jorhat' (Mathur·et al., 1989) .. 

. The tissue culture·technique is useful for the recovery of variants through· 

somacloftral variation. The oil content of the regenarants was analysed.and 

compared with that of donar plants (Sreenath, 1983). In C. flexuosus, C. nard us, 

C. winterianus, C. martiniVar mafia and C. jwarancusa, the regenarants show 

variation in oil content. ·In C. winterianus, 25 randomly selected regenerants 

were analysed for essential oil content and showed significant variation. About 

60% of the plants had a considerable increase in oil content (Sreenath and 

Jagadish chandra, 1989). 

Variation with respect to the relative composition of the six major 

constituents of the essential oil pool viz .. citronella!, citronellol, geraniol, 

citronellylacetate, geranyl acetate and elemol has been recorded in regenerants 

of C. winterianus (Mathur et al., 1989). 

"\\. 
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Sreenath (1983) observed that the callus of Cymbopogon species when :::r 
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squeezed and smelled did not exclude any smell of the essential oil. However, 

a~ soon as, the embryogenic callus differentiates green shoots, there develops 

the essential oil with the characteristic smell of the species. 

Sreenath and Jagadish chandra (1991) reviewed invitro culture, 

regeneration and the production of essential oil in aifferent species of 

Cymbopogon Spreng. 
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