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GENERAL 
INTRODUCTION 



Cymbopogon Spreng is an important genus of aromatic grasses belonging to 

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

recognized by different workers in this genus varies from 55 to over 100 (Bar, 

1960; Chase and Niles, 1962; Soenarko, 1977) or 120 with many varieties 

(Sobti et al, 1982) having a combination of both terpine an~ nonterpine phenolic 

constituents in their essential oils which are used in perfumery, cosmetic and 

pharmaceutical preparation (Guenther,1950, 1972; Chopra and Chopra 1955; 

Chopra et al, 1956; Bor91960; Thapa et al, 1971, 1978, 1979, Seth et al, 1975). 

Various commercially important essential oils are extracted from different 

species of the genus. These are lemon grass oil produced by C. flexuosus 

(Nees) Wats., C. pendulus (Nees) Wats., C. citratus Wafs; Citronella oil obtained 

from C. nardus (L) Rendle var nard us, C. nardus (L) Rendle var confertiflorus; 

C. winterianus Jowitt ; Palmarosa oil extracted from C. martinii (Roxb) Wats var 

sofia and Karnkusa oil obtained from C. jwarancusa (Jones) Schutt. All these 

types of oils are characterised by the productivity of major aromatic isolates 

such as dtral, geraniol, citronella!, citronellol, perillyl alcohol and piperitone 

being utilised commercially in India and abroad. 

Several Cymbopogon species are also used in native medicine. The 

essential oil and infusions of these aromatic grasses are being used for a long 

time to treat a number of human diseases like leprosy, gout, rheumatism, sprain, 

coughs, cold fever and various stomach troubles including cholera (Kirtikar 

and Basu, 1935; Nadkarni, 1954; Bor,·1960; Chopra and Handa, 1961; Soenarko 

1977; Suri et al, 1978). 

Very recently lemon grass oil has gained importance for having certain 

characteristic bioactivity. Takaisikikuni et al, (1996) observed chloramphenicol 

type of bacteriostatic activity and penicillium type of bacteriolysis caused by 

lemon grass oil extracted from C.densiflorus on Staphylococcus aureus. 

Suaeyun (1997) studied marked cancer chemopreventive activity of lemon grass 

oil obtained from C. citra/ins stapf against skin carcinogenesis in F 344 rates . 

. They suggested that the lemon grass extract inhibits the formation of 

azoxymethane (ADM) induced DNA adducts and aberrent cryptfoci (ACF) in 

the rat colon. 

[1] 
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Fig. 1. Cyrribopogon pendu/us (Nees ex Steudel} W. Watson. 

Fig. 2. Cymbopogon pendulus (Nees ex Steudel) W. Watson growing 
wildly in N.B.U. Campus. 



Fig. 3. A close up view of Cymbopogon pendu/us (Nees ex·steudel) W. 
Watson growing wildly in N.B.U. Campus. 

Fig. 4. Wild Cymbopogon pendulus (Nees ex Steudel) W. Watson on 
both the sides of a pathway in N.B.U. Campus. 



While working on the survey of the Cymbopogon species in North Bengal, 

it has been noted that a type of lemon grass iswildly grpwing·as an obnoxious 
. . ~ ~ . 

weed in a very much restriCted· places of Darjeeling district. With the help of 

Central National Herbarium, Section, Botanical Survey of India, Howrah~ The . . . 
grass. has been identified as Cymbopogon pendulus (Nees ex Steudel) W. 

Wa~sori, an wild type of lemon grass (Fig. 1, 2, 3, 4). The plant is supposed to 

be endangered one and is being abolished due to rapid spread of urbanisation 

in the region of North Bengal. Thus it is felt necessary to investigate the plant 

·from plant physiology point. of view to understand factors responsible for its 

growth and development with sp~cial emphasis on its productivity in the 

ecological condition of North Bengal. This will help in better understanding of 

the species for their commercial utilis~tion so that the kn_owledge and experience 

derived out of the present investigation will help to qevelop pharmaceutical 

industry in the region. 

Lemon grass oil, which ranks among the most impor:tant essential oils in 

terms of-quantities used has been available in two basic froms namely "East 

Indian" oil produced in ·Soufth Asia and "West Indian" oil produced in Central 

and Soufth America, parts of Africa, lndochina·ahd.the Islands of the Indian 

ocean. The volume of lemongrass oil traded intern'ationally has declined 

consi.derab¢1y over the years from approaching 1500 tormes in the late 1960's· 

to under ·500 tonnes at the beginning of the 1980's (Sreenath and. Jagadish 

chandra, 1991) of this export total Guatemala accounts for 5Q% an average, 

India for 35-40% and China for most of the remainder (Robbins, 1983). 

It has been recorded that the distillation of lemon grass was .done as early 

as the beginning of 17th century in the Phillipines. Although the oil has been 

known, since very early times in India. The bulk pro9uction of lemon grass oil is 

pra"ctically confined to Kerala State. The production of lemongrass oil in 1963 

was the highest in the history of the cottage industry in India and the total 

quantity produced during the year was 1800 MT bulk. But the total production 

of the oil now in India is remainirm static at about 800 MT per year, while the 

total world-demand for th.e oil is 2500 MT (Nair, 1982). Ac~r¢ding to Nair (1982) 

the lemon grass oil industry in India is passing through a critical period due to 

[2] 
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the keen competition form Guatemala which is maintaining lead in the 

international market for both in the quality and quantity. 

Jummu Lemon grassor RRL-16 (Cymbopogon pendu/us Wats) is a result 

of investigation done on Cymbopogon species at Regional Research Laboratory 

(RRL), Jammu (Atal and Bradu, 1973). The performance study of RRL-16 (C. 

pendulus) has been carried out in Odakkali station Kerala. According to Nair 

(1982), though the grass was found to have a higher oH recovery and higher 

citra! content, the herbage yield was found to become low compared to other . 

lemon grass types. Hence the total annual production of oil from RRL:.-16 was 
' . ' 

observed to become less. But the plant was found to be more tolerant to drought 

condition compared to other varieties. 

C.pendu/us (Nees ex Steudel) W. Watson, that is growing wildly in 

Darjeeling district has been observed to be very much resistant to any pests or 

fungal diseases. As it is a perennial plant and well adapted to the ecological 

condition of the district, the herbage yields is very high and for this reason the 
• ' 0 •• 

long leaves and inflorescence stalks are generaly utilised for thatching purpose 
- -

/ 

by the poor local. people. The utilisati9n of lemon grass oil extracted from the· - - · 

. plant at the industrial level is not f>elng ·considered up-to-date though it has 

tremendous potentiality to be utilised in cottege industry in the region. 

The potentiality of its industrial utilisation is further supported by the fact 

that leaf of C. pendulus (Nee;ex. Steudel) W. Watson yields significant amount 

of citra! and which is comparable to any other commercial variety of ·lemon 

gra~s yielding citra!. Citra! is the starting material for the preparation of the: 

important ionones, a-ionone is used in flavours, cosmetics and perfumes while 
')'L 

~-ionone from the oil is important co.(stituent for the manufacture of synthetic 

vitamin A. 
~ 

Soil is a very hetrogeneous mass. Its fertility status varies from place to A , . 
\ -

place depending upon climate. Fertilizer recommendations based on available 

nutrient status of a soil is appreciated now a days (Singh, 1976). Application of 
I 

N.P.K. fertilizer have been found to increase the groWth and development of 

the plant. Present investigation attempts to study the effect of inorganic fertilizers 

[3] 



like urea, superphosphate and muriate of potash as a source of N, P and K 

respectively on the productivity of leaf with. special emphasis on oil and citra I 

content in C. pendulus (Nees ex Steudel) W. Watson. Besides citral content 

has also been investigated during storage condition of post harvest leaf materials_ 

of the same plant. 

Unlike other species of Cymbopogon which are erratic in flowering and seed 

setting (Soena'rko, 1977; Sreenath and Jagadishchandra, 1985-1986). C. 

pendu/us (Nees ex sttdel) W. Watson growing in the ecofogical condition of · 
k . 

the district show good flowering and seed setting which help·s producing 

s~edings from seeds in the nursery before transplantation although it may be 

propagated by vegetative methods. This special character of seed setting would 

be a good parent material for hybridization and mutation breeding in connection 

with its genetic improvement infuture. Thus an attempt has been made to 

investigate seed germination behaviour of the plant and to work out optimum 

condition showing maximum percentage of germination. 

In this conr~ection it may be mentioned that mautre seeds covered by 

scaly glumes do not: germinate unless the scaly parts are removed~ This Justifies 

that some inhibito_r_ is .. there in the scaly part. Thus attempt has been made to 

isolate and characterise the ctiemic~l nature of the inhibitor, the knowledge of 

which is essential in connection with overcoming of dormancy of seed for its 

purposeful utilisation. 

Thus the lemongrass industry in India is having a vast and expending 

business potential in view of the wide internal usage of oil and spent grass and 

the increased export possibilities of oil and ionone. It is thus essential to explore 

plant resource like yymbopogon pendulus (Nees ex Steudel) W. Watson, so 

far not investigated in the ecological condition of Darjeeling district from 

commercial point of view. This will help to boost up the production of lemon 

grass oil in our country by extending its cultivation for its utilisation in cottage 

industry so that the whole internal demand and export of essential oil can be 

met. Then India will be ablefompete Guatemala in the international market 

also. · 

[4] 



With this background, an attempthas been made to investigate isolation 

and characterisation of chemical constituents of aromatic and non aromatic 

types in the leaves of C. pendulus (Nees ex steudel) W. Watson growing as an 
'-

endangered species in wild condition in Darjeeling district and adjoining areas. 

This knowledge will be helpful during chemical identificatiqn of the plant and for 

evaluation of its commercial potentiality as a source of lemongrass oil and citra I 

content. Investigation has also been carried out to study the plant from agronomic 

point of view to understand optimum doses of N, P and K to show maximum 

productivity of herbage, oil and citra I content in the ecological condition of this 

district. 

.. Besides, investigation has been carried out to study the effect of different 

. treatments and conditions to show maximum seed germination and seedling 

growth with special emphasis on isolation arid characterisation of chemical 
' 

inhibitor responsible for causing dormancy and which is essential for raising 

seedling required for large scale cultivation. All these ultimately will become 

· helpful for commercial utilisation· of the plant to boost up the economy of 

Darjeeling district and adjoining areas. 

[5] 



:'--: ~s: 

_ _! 

ABSTRACT. 



;01 

Cymbopogon pendulus (Nees ex steudel) W. Watson, .a native aromatic grass 

belonging to the tribe Andropogoneae of the family poaceae, has been observed 

to grow wildly in the plains of Darjeeling district, West Bengal, India. Due to 

rapid spread of urbanisation, the distribution of the speCies is becoming very 

much restricted to a certain area in the district. Under the present day 

envrronmental condition, the undisturbed fallow land of North Bengal University 

campus may be considered as the store house of such an endangered plant. 

Each year, the plants are being harvested by the local-people and used as a 

material for thatching purpose without considering its commercial value in, 

pharmaceutical industry. 

The plant has been id~ntified w~th the help of Central National Herbarium 

Section, Botanical Survey of India, Howrah, West Bengal. That the plant yield 

lemon grass oil has been confirmed by the presence of citral con~ent in the 
-

crude extract of its essential oil. 

Lemon grass oil is used as an ingredient of aerosol, deodorants, floor 

polishes, household detergents_ and a whole range of domestic and industriai -

products in which a pleasant fresh fragrance is desired. Besides, it is used as 

mosquito repellant. Moreover, it is commercially utilised. for the preparation of 

vitar.nin A and E as well as medicine. 

Lemon grass oil industry in India is passing through a critical period due to 

keen competition in the international market. Thus, it is necessary to explore the 

new source of lemon grass oil so far neglected in the region. 

It is the objective of this part of work to investigate the wild plant like C. 

pendulus (Nees ex Steudel) W. Watson from plant physiological point of view 

for understanding various factors responsible for its optimum growth and 

development to show maximm herbage yield and production of essential oil in 

the ecological condition of Darjeeling district. The knowledge derived out of the 

work will be helpful for its commercial utilisation in pharmaceutical as well as in 

cottage indusrty in the region. 
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Up to date no attempt has been ·made in connection with chemical 

examination of different plant parts of C.pendu/us (Nees ex Steudel) W. Watson 

available in Darjeeling district. Thus phytochemical investigation has been 

carried out to understand quality and quantity of different terpenoid constituents 

in essential oil extracted from the leaves of C.pendu/us (Nees ex Steudel) W. 

Watson, immediately after their harvest. 

Extraction of crude essential oil from the fresh leaves of the plant has 

been. undertaken with the help of hydrodistillation method and analysis of 

terpenoid constituents in the crude essential oil obtained from the leaves of the 

plant has been made by Gas Liquid Chromatography. Essential oil has been

observed to contain a ·and ~-citral, terpine, and three other unknown volatile 

. components. Essential oil in the leaves harvested in October from the -plant at 

the flowering stage contains 82.92% of total citra I content on fresh weight basis, 

out of which a and ~-citra I contents are 58.05% and 24.87% respectively. The 

high a-citral content is generally used commercially as flavouring agent and~

citra! content is usually utilised for commercial preparation of vitamin A and E. -
. . 

The high content of these chemicals definit~ly-support the commercial potentiality 

6tthe-plant. Terpine content has been obse-r-Ve-d to yield only 9.76% while the 

yield of three unknown terpenoids i.e. no.1 , 2 and 3 have been estimated to 

become 1.97%, 2.06% and 3.29% respectively. 

In order to isolate nonterpenoid chemical constituents, dried leaves ofthe 

plant have been subjected to soxhlet extraction first with petroleum ether followed 

by methanol. For purification of chemical constituents, petroleum ether extract 

, has directly been column chromatographed over alumina and eluted with 
• )I.. 

different. solvents and their mi~ure starting from nonpolar to polar solvent. 

Whereas methanolic extract of leaves has been separated into two fractions 

i.e. (a) ether soluble and (b) ether insoluble methanolic part. Ether soluble 

methanolic part again has been separated into four subtraction i.e. (a) phenolic 

acid, (b) acidic, (c) basic and (d) neutral subtractions. The petroleum extract 

shows the presence of a type of solid hydrocarbon in crystalline state and has 

been identified as n-alkane. Besides this, the fraction has been observed to 

contain two phytosterol i.e. sitosterol and lanosterol. Caffeic acid, a phenolic 
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acid, has been isolated and identified in the phenolic acid subtraction. Basic 

and acid subtractions have been examined not. to contain any solid mass in 

appreciable quantity so that they are not in a position to be identified. Neutral 

subtraction also shows 'the presence of sitosterol. Apigenin-7-glucoside has 

been isolated from ether insoluble methanolic.part. An anthocyanin pigment 

has been isolated from the red stem of the plant and identified as glucoside of 

cyanidin. Besides, coumarin, a lactone of hydroxy <;innamic acid, has been 

isolated and identified from the phenolic acid subfract~on of dry husks of seeds 
;... 

,of the plant. This chemical has been verified to be responsible for causing 

dormancy of seed of the plant und~r study. 

All these identified. chemical constituents are now being claimed for the 

first time to be isolated from the leaves of C. pendu/us (Nees ex Steudel) W. 

Watson and these have been identified on the basis of determination of melting 

point, chromatographic behaviour, chemical tests and IR spectrum of the isolated. 

natural products and are similar in observation with those of authentic markers. 

Investigation has been carried out in connection with productivity of 

essential oil and.its terpenoid constituents in different plant parts of C. pendulus 

(Nees ex Steudel) W. Watson. In this respect leaf blade and leaf sheath have 

been. considered separately. Mature leaf blade has been observed to yield 

0.58% ofcrude essenti~l oil on fresh. weight basis as compared to only 0.30% 

in young leaf blade. Oil content is much less in leaf sheath in compariso"n to 

that of leaf blade at both the young and mature conditions of leaf .. Young leaf 

. sheath has shown lower percentage yield of oil (0.15) as compared to mature 

leaf sheath (0.40%). Maximum oil content of 0.72% on fresh weight basis has 

been recorded in flowering top of the plant. On the other hand, stem and root 

show only 0.20% and 0.10% of oil respectively. 

So far as the terpenoid constituents are concerned, maximum content of 

total citral has been observed in mature leaf blade (82.92%) as against mature. 

leaf sheath which shows only 65.20%. Root shows the lowest value (52.28%). 

Though young leaf blade, young leaf sheath and stem show total citra I content 

of67.83%, 63.72% ~nd 60.80% respectively but the total citral content becomes 
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moderately high (71.28%) in flowering top. a-citral is maximum int"flature _leaf 

blade (58.05%) when.P-citral content is only 24.87%. Root yield minimum of a

citra! (33.59%) but its P-citral content (18.69%) has been observed to be slightly 

higher than 16.20% in young leaf sheath. Though essential. oil content in flowring_ 

top 'has been recorded to become moderately high but its a and f3-citral contents 

are 43.62% and 27.66% respectively. 

It has been noted that terpine content becomes high (23.16%) in stem as 

compared to minimum value (9.76%) in mature leaf blade. Root has moderately 

high content (21.81 %) ofterpine along with maximum content (25.91 %) of other 

unidentified terpenoid constituents yvhich is observed to occur in minimum 

quantity (7.32%) in mature leaf blade. 

Thus for commercial utilisation of citral the mature leaves of C.pendu/us 

(Nees. ex Steudel) W. Watson, should be used while for good source of rest of 

the terpenoid constituents, stem and root of the plant may be considered and 

flowering top could be the best for maximum productivity of crude oil. 

It has been observed that volatile oil enclosed in the plant tissue is affected 

by the drying of the plant materials after their .harvest. After oven drying of. 

harVested leaves at 60± 1°C the essential oil content increases to reach 0.80% 
" . 

after 24 hours· of treatment and the content gradually declines when duration of 

treatment increases. But drying at room temperature (29± 1 °C) the leaves have 
• . ~ . 

been observed to yield max}dmum of 1.1 0% after 96 hours of treatment and the 

value declines in subsequent increase in hours of treat¢ment. 

Thus induction of wilting of leaves of C.pendulus (Nees ex Steudel) W. 

Watson after keeping the harvested leaves at 29±1 °C for 96 hours could have 

beneficial effect so far as the yield of oil in the leaves of the plant is concerned. 

During storage of extracted oil for a considerable period of time upto 6 

years, it has been noted that total citral, a-citral, p-citral and terpine contents 

have been observed to be decreased. On the other hand unidentified terpenoid 

content shows proportionate increase in accumulation. Total citral content 

(82.92%) in freshly harvested leaves in the first year of collection decreases to 
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70.72% during storage of oil for five years. Similarly a-citral (58.05%) and p

citral (24.87%) content in the leaves of 1st year collection decreases to 48.29% 

· and 22.43% respectively in the oil stored for five years. Terpine content also 

has been observed to become lowered from 9.76% during the some period of 

storage of oil. 

It is very interesting to note that contents of total citral, a-citral, p-citral, 

terpine and other terpenoids remain more or less stable for two years of storage 

of oil and the duration of which should be taken into consideration while utilising 

stored oil for commercial purpose. 

C. pendulus (Nees ex Steudel) W. Watson growing in the district has the 

capacity to produce viable seeds alike majority of the species of Cymbopogon. 

Thus the study of seed germination and seedling growth is very i~T!portant for 

its utilisation in agronomic trial and also in connection with the imporvement of 

the plant by mutation breeding utilising the seed. 

From germination behaviour of seeds it appears that 22± 1 °C is the 

· optimum temperature showing maximum (90%) seed germination.ln connection 

with the .effect of different quality of light,· red has been noted toLaccelerate 

seed germination as compared to blue and white (control) light. 

It has been observed that husked seeds immediately after harvest in the 

winter month of December show maximum percentage of germination (95) but 

gradually become deteriorated in course of time and understanding proper 

chemical treatment to show stimulation of seed germination, investigation has 

been carried out to study the _effect of various chemicals such as growth 

hormones, growth regulators, vitamins, sugars, micronutrients and heavy metals. 

Maximum stimulation of seed germination over control has been observed 

due to treatment of IAA, ABA, D:-mannose, Nicotinic acid, Pyridoxine

hydrochloride, MnCI2 , CuCI2 , and HgCI2 . Moderate type of stimulation has been 

achieved by the treatment of GA, Phenoxy acetic acid, P-chlorophenoxy acetic 

acid, 2,4,5-trichlorophenoxyacetic acid, 3,4-Dichlorophenoxy acetic acid, 2, 4-

Dichiara phenoxy acetic acid, Pantothenic acid, Thiamine, Riboflavin, Xylose, 
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Glucose, Fructose, NiGI
2

, CoC12• CdCI2, PbCI
2 

and BoCI
3

• The treatment of 

sucrose, biotin and ascorbic acid shows very little stimulation of seed germination 

over control. Neither stimulation nor inhibition of seed germination has been 

recorded in connection with the effect of 2,4, 6-trichloro phenoxy acetic aGid 

and kinetin. Inhibition of seed germination has been expressed during the 

treatment of galactose, mannose and Napthalin acetic acid. 

Seeds of C. pendu/us (Nees ex Steudel) W. Watson when covered by 

papery husk show low percentage of germination, maximum of 28%, as against 

100% of germination in husked seeds. It is expected that the husk covering the 

matured seeds has some effect to'cause dormancy during seed germination. 

With a view to understanding the nature of chemical inhibitor concerned, 

chemical investigation has been carried out specially with the husks of the 

seed subjected to soxhlet extraction with different solvents. After a thorough 

analysis it is observed that NaHC03 subtraction of .ether soluble methanolic 

part shows the presence of appreciable quantity of solid substance having a 

· characteristic flavour identified as coumarin after comparing melting point, 

chemical tests, chromatographic behaviour and IR spectrum of the isolated 

. product with those of authentic coum·arin. In presence of isolated coumarin the 

husked seeds show germination maximum of 30%. 

In order to observe the effect of N,P and K on the seed germination and 

seedling growth in C. pendulus (Nees ex Steudel) W. Watson, sand culture 

experiment has been conducted in presence of nine sets of nutrient solution 

such as complete N.P.K. nutrient solution, complete -N, -P, -K, -NP, -NK, -PK, 

-NPK and distilled water as control. -P culture shows maximum percentage 

(53.33%) of seed germination as compared to complete culture which yields 

· 40°io. Low percentage of seed germination has been noticed in -NK culture. 

Germination is strikingly minimum (18.88%) in -NPK culture. Maximum height 

(76 em) of the plant has been recorded in complete solution as compared to 

control (64cm) when the plantation period becomes 150 days. Complete culture 

also shows the highest number (6) of tiller per plant as compared to control (3). 

Similarly, maximum number of leaves per plant (9) has been observed in 

complete solution as compared to control (6). 
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Investigation has been conducted to grow seedlings of C.pendulus (Nees 

ex Steudel) W. Watson at three trials of spacings i.e. 75cm x 75cm, 60cm x 
~ . 

60cm and 50cm x 50cm. The height of the pln~ts, number of tillers per plant 
. . ~ . 

and number of leaves per tillers have been observed to show comparatively 

good growth at all the three stages of development i.e. vegetative, pre

reproductive and reproductive stages due to spacing, of 50 em x 50cm as 

compared to all other types of treat~ent. 

N.P.K. fertilizer trial on C. pendulus (Nees ex Steudel) W. Watson has 

been conducted taking three doses, 0, 50 and 100 kg of each of N,P and K per 

hectare in 27 different combinatins including control (N0P 
0
K

0
) arranged in 

randomised block design. Entire dose of P, K and 50% of total N have been 

applied basally i.e. at the time of transplanting of seedling of 30 days old in 

each plot of 1m x 2.5m size and the other 50% applied after 30 days of initial 

application. Altogether 10 plants have b~en raised in each plot with a spacing 

of qOcm x 50 em. Transplantation has been done in May. Cultural operations· 

like, weeding, aerating the soil and watering were regularly done at 10 days 

·interval. 

The height of the plant has been observed to be maximum due to. treatment 

of N
100

P100K50 combination sh~ing 140.60cm, 173.50 em and 200.26 em at the 

· vegetative, pre-reproductive and reproductive stages of the plant respectively 

as compared to control values of 96.43cm, 120.50 em and 137.30cm at the 

three stages of development of plant respectively. Maximum number of 39, 46 

and 51 tillers per clump, have been observed at vegetative, pre-reproductive 

and reproductive stages respectively during the treatFment of N
50

P 
100

K
50 

combination. Maximum number of leaves I tiller at all the three stages of 

development of the plant has also been observed in the same combination 

compared to control. 

The total yield of herbage and that of oil per plot under consideration have

been estimated and expressed in terms of tonnes I hal year and kg I ha I year 

respectively. This is for understanding the efficiency in productivity of C. pendu/us 

(Nees ex Steudel) W. Watson, growing in Darjeeling condition as. compared to 

that of other species of Cymbopogon utilised CO!l)mercially in India. 
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Maximum herbage yield of 75.88 tonnes/ ha/ year as compared to control 

(28.50 tonnes/ ha/ year) due to treatment of N100P 50K100 and which i~ the total of 

17.80, 34.00 and 24.08 tonnes/ ha/ year at the 1st, 2nd and 3rd harvest 

respectively. 

· So far as the annual oil yield is concerned, maximum of 328.55/ kg/ ha/ 

year has been observed due to treatment of N100P 50K~ 00 combination as 

compared to control which shows total annual oil yield of 91.19 kg/ ha. As 

regards percentage of oil yield, 0.49% has been observed due to treat~ment of 

N
50

P
100

K
50 

as compared to control (0.32%). Percentage of citral has been 

observed to become 88.00 due to treatment of N100P100K50 with the corresponding 

a and p-citral of 54.56% and 33.44~ 'respectively against control showing 86% 

of total citral out of which 57.77% and 28.23% of a and p-citral respectively. 

From fertilizer trial it appears that higher doses of nitrogen and phosphorus 

have positive effect on the yield of vegetative growth of C.pendulus (Nees ex . 

Steudel) W. Watson, in Darjeeling plains of West Bengal while potassium has 

a beneficial effect on the yield of oil in the leaves of. the plant: 

Thus on the basis of overall performances of the plant it may be suggested 

that for commercial utilisation of the plant N100P 50K100 combination may· be utilised 

during agronomic trial at the present day environmental condition of Darjeeling 

plains. 

There is no doubt that though various other species and strains of lemon 

grass oil yielding plants are being utilised commercially now-a-days in our 

country, the wild plant like C.pendulus. (Nees ex Steudel) W. Watson, available 

in the plains of Darjeeling .district, West Bengal, India, should not be 

underestimated so far as its commercial potentiality is concerned and more 

investigation is needed for its conservation and imporvement so that the plant 

may be utilised for economic devel<?pment in the region. 
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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 

1266B1 
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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). 
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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. 
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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. 
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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. 
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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 
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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. 

[31] 



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 ~ 
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·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. 

[48] 



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. 

150] 

l::'¥ 
I 



Chapter-If 

ISOLATION, PURIFICATION AND CHARACTERIZATION OF 

VARIOUS- CHEMICAL CONSTifUTENTS FROM LEAVES AND 

STEMS OF Cymbopogon pendulus (Nees ex Steudel) W. 

·Watson. 

SECTION- A: ISOLATION AND IDENTIFICATION OF CHEMICAL 

C-OMPONENTS OF ESSENTIAL OIL IN FRESH LEAVES OF ·C. 
. . 

pendulus (Nees ex Steudel) W. Watson FOLLOWING -GAS 

LIQUID CHROMATOGRAPHY. 

JI 
SECTION- B: ISOLATION, PUJVICATION AND IDENTIFICATION 

OF CHEMICAL CONSTITUENTS OTHER THAN VOLATILE 

TERPENOIDS IN DRY LEAVES OF C. pendulus (Nees ex 

Steudel). W. Watson. FOLLOWING CONVENTIONAL 

PHYTOCHEMICAL METHODS. 

SECTION - C : ISOLATION AND IDENTIFICATION OF 

ANTHOCYANIN IN RED STEM OF C.pendulus {Nees ex Steudel) 

W. Watson. 
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INTRODUCTION 

The leaves of Cymbopogon pendu/us (Nees ex Steudel) W. Watson 

growing wildly in the plains of Darjeeling district, is rich in essential oil. Essential. 

oils; are the object of internationally important commercial transactions. Their 

value is most of the time evaluated on the basis of their organoleptic properties 

particularly their odour. Though final evaluation is being done by the serious 

draw back in its ability to have quantitative assesment. ·This limitation has 

therefore, made it obligatory to have other analytical methods by which, a 

reproducible qualitative and quantitative results can be obtained. 

The lemon grass oil is generally extracted by "hydrodistillation method" of 

Von-rochenberg described by Guenther (1949). But gas liqui~d chromatography 

. (GLC) i's undoubtedly the most important technique for study of ess~ntial oils . 
. ~ 

since it yields in one operation both qualitative analyses (H¢rborne, 1973). 

Application of- GLC was done earlier by a number of investigators for 

identification of chemical components in essential oil extracted from leaves of 

.c. winterianus (Rajendudu and Ram Das, 1983), C. citratus (Manzoor-1-Khuda 

et al, 1984; Ekundayo, 1986_), C. nard us Var. Confertiflorus (Verma et al, 1987), · - . 

C. distance (Steud) Wats (Mathela et al, 1988), C. martiniiVar Sofia (Mathela 

et al, 1988), C. jwarancusa (Verma et al, 1987), C. f/exuosus and C. khasianus 

(Verma et al, 1987). 

Though most of the chemical information of Cymbopogon is mainly. 

concerned with terpeniod constituents of essential oil, much less information is 

available in connection with chemical constituents, other than essential oils. 

But1his type of investigation is very necessary, in connection with understanding 

of chemical make up of a plant and which is helpful for chemical identification 

of plant from pharmacognosy point of veiw. 
e.. 

C. pendulus (Ne~s ex. Steudel) W. Watson is considered as an endangered 

species in North Bengal. No work has so far been done on isolation and 

characterisation of chemical constit~ents other than essential oil excepting the 

report on essential oil content as worked out by Verma et al, (1987) taking C.· 
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Fig. 7. A part of Leaf of Cymbopogon pendulus (Nees ex Steudel) W. 
Wats.on. 

Fig. 8. Inflorescence of Cymbopogon pendu/us (Nees ex Steudel) W. 
Watson. 
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Fig. 9. GLC trace of the separation of the mixture of terpenoid constituents 
of the essential oil in the leaves of Cymbopogon pendulus (Nees ex 
Steudel) W. Watson · 
Key : 1. Unidentified No.1, 2. Terpine, 3. Unidentified No. 2, 4. {l-citral. 
5.4(-citral, 6. Unidentified No.3. 



pendulus in the region out side Darjeeling district. This part of work involves the 

. following three sections to discuss about material_s and methods involved and 

results. 

SECTION -A : ISOLATION AND IDENTIFICATION OF CHEMICAL COMPONENTS 

OF ESSENTIAL OIL IN FRESH LEAVES OF C. pendu/us (Nees ex Steudel) W. 

Watson FOLLOWING GAS LIQUID CHROMATOGRAPHY. 

MATERIALS'AND METHODS : 

Materials : Fresh leave of C. pendu/us(Nees ex Steudel} W. Watson collected 

in the month of October 1996 from plants grown in the experimental plot in 

NBU campus. 

Description of the Plant : Habit : Perennial aromatic grass with a number of 

tillers; Stem : Cylindrical~ solid, red in colour with nodes and long internodes; 

Inflorescence : Spikes, panicled: -~tficulate;Spikelet : Sessile, hermaphrodite, 

sp_ikelets ofthe lowest pair differing ff·om those above in s~x and form; Glumes 

. : 4 types (I-IV}. Type I. papery, 2-Keeled, awnless, II. Thinner, concave·, keeled, 

shortly awned, Ill. hyaline, IV. hyaline, awned, often reduced to the. dialated 

base of the awn; rnaea : Small; Lodicules : 2, cuneate; Stamens: 3; Style : 

Short; Stigmas: Laterally exerted; Fruit: Seed-like grain, surrounded by papery 

glumes representing husks at maturity, (Fig. 1, 7, 8 & 54). 

Methods : Extraction of oil 

The lemon grass oil from fresh leaves of C. pendulus (Nees ex Stedel) W. 
. ~ 

Watson was extracted following the method of Guenther (1949} with the help of 

distillation stills. The still consists of boiler, condensing system and receiver. 

About~ .5 L. of water was poured into the still and about 1 kg-offreshly collected 

leaves was added. The opejning of the still was closed and heated for 1 hr. The 

grass was digested in water and a mixture of water vapour and essential oil 

vapour were allowed to escape in condensing system. The vapour was 

condensed and the distillate was collected in) ide the receiver into two separate 
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layers. As the oil was lighter than water it remained at the top while the water 

escaped _through the outlet of bent tube. The oil was skimm~d off and stored in 

bottle at -1 0°C for GLC analysis. 

·Gas chromatographic analysis of the oil 

s 
The esential oil was analysed in a Gas chromatograph (Pack and Model 

~ . 

419). The co_l¢umn used was SE-30 (metal coloumn), the temperature of which 

. was 140°C (Isothermal condition). The flame ionisation detecterwas heated to 

220°C. The carrier gas was nitrogen with a flow rate 2.2 K cm2• The peaks 
' p 

were identified after matching the re,tention time with standard samples obtained 

from DRAGOCO, West Germany. 

RESULTS-: 
. -

Duriitg analysis of the oil, 6 peaks were recorded in the GLC graph of 

' which 3 major components were' idehtified as Terpine, a-citral and B-citral but 

the other 3 peaks could not be identif!ed. 

A GLC graph showing the different terpenoid constituents of essential :oil .. 

extracted-has been shown iri Fi_g. 9.: Constituents with their relative perceptage ··:· ;_ · 

in the gas chromatogram are given in the table - 3. · 

Table- 3 

Relative percentage of terpeniod constituents of the essential oil in the 

leaves of C~ pendulus (Nees ex Steudel) W. Watson .. 

Peak No. Constituents Relative percentage 

1. unidentified, No.1 1.97 

2. Terpine 9.76 

3. unidentified, No. 2 2.06 

4. B -citral 24.87 

5. a -citra I 58.05 

6. unidentified, No. 3 3.29 



CHART -1 

Flowsheet showing separation of various fractions during isolation and characterisation of 
chemical constituents other than essential oil in the leaves of C. pendu/us (Nees ex Steudel) W. · 
Watson. 

Powdered dry leaves 

Residual meal 

Soxhleted with methanol. 

Powdered leaves exhausted 

Ether soluble fraction 
(C) 
Extracted with 
10% NaHC0

3 
solution 

Ether fraction 
Extracted with 
3% acetic acid 

!'oxhleted with petroleum ether (60-80°C) 

Petroleum etherfraction (A)· 

Methanolic fraction (B) 

concentrated to 
small volume 
and extracted 
with ether 

I 
Ether insoluble Methanolic 
fraction (D) 

Alkaline aqueous phase 
Neutralised with 
10% HCI and 
extracted with 
eth~r. 

Ether fraction 
·Extracted with 
5% NaOH 
solution 

Acetic acid 
soluble part 

Ether soluble phenolic 
acid sub-fraction (a) 

Aqueo_us part 
(rejected) 

Ether soluble 
neutral sub 
fraction (d) 

Ether soluble acid 
sub-fraction (c) 

Neutralised with ammonia 
and extracted with ether. 

Ether soluble basic 
sub-fraction (b) 

Alkaline aqueous phase 
Neutralised with 1 0% HCI 
and extracted with ether 

Aqueous part 
(rejected) 

Aqueous part 
(rejected) 



SECTION - 8 : ISOLATION, PURFICATION AND IDENTIFICATION OF CHEMICAL 

CONSTITUENTS OTHER THAN VOLATILE TERPENOIDS IN DRY LEAVES OF . . 

C.pendu/us (Nees ex. Steudel) W. Watson FOLLOWING CONVENTIONAL 

PHYTOCHEMICAL METHODS. 

MATERIALS AND METHODS : 
().-

Materials : The l~ves of C. pendu/us (Nees ex Steudel) W. Watson were 

collected from the plants grown for tlie purpose at the experimental plot of the 

Centre for Life Sciences, Department of Botany, North Bengal University .. Leaves 

were sundried and crushed into powder required for extraction. 

Methods : The phytochemical analysis (Chart-1) of leavesof C. pendu/us (Nees 

ex Steudel) W. Watson involved four steps. 

I. Extraction 

II. Separation of different fractions. 

Ill. Isolation and purification 

IV. Characterisation oftheisolated chemical constituents.· 

I. Extraction : Air dried powdered leaves (1 kg) were extracted in a 5-L 
e. 

Soxhlet first with petroleum ether (B.P. 60°-80°C) and th~n with methanol 

separately for 72 hours. The extracts. obtained were termed as fraction (A) and 

fraction (B) on the basis of the solvent like petroleum ether and methanol 

respectively. 
. L 

The petroeum ether fraction (A) was directly purified by column 
J.. 

chromatography. 

II. But the alcoholic fraction (8) was concentrated to a small volume under 

reduced pressure and a large volume of solvent ether was added to the 

concentrated and more or less evaporated mass. The ether soluble part was 

sep.arated. Extraction with ether was performed until the solvent became 
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colourless. The ether soluble part (C) was again separated into four fractions, 

namely.: 

(a) Phenolic acid sub fraction 

(b) Basic subtraction 

(c) Acid subtraction 

(d) Neutral subtraction. 

Ether insoluble alcoholic part (D) was examined for glycoalkaloid, flavonoid 

-and related compounds. 

{C) · Ether soluble part : 

(a) Phenolic acid subtraction : The ether solu~le_ alcoholic part was treated 

. with aqueous 1 0% NaHC03 (w/v) and shaken in a 500 mi. separating funnel. At 

each time 50ml. bicarbonate solution was added, so that- the total volume of 

bicarbonate·solution became 150ml. The aqueous layer was acidified in cold 

with dil. HCI and phenolic acids were re-extracted with ether which after standing 

- _for a day with anhydrous sodium sulphate wer~ evaporated to dryness. The_ 

residue was dissolved in chloroform for chromatography . 

. (b) Basic subtraction: After removal of the bicarbonate. layer, the ether part 

was once washed with water and then extracted with 3% acetic acid (v/v) adding 

50ml. at each time so that total volume of acid became 1 OOml. The acid fraction 

was washed with ether and neutralised with ammonia in cold to free the basic 

compound which was re-extracted with ether. Ail these were performed in a 

separating funnel. The ether soluble fraction obtained from neutralised solution 

was dehydrated with anhydrous sodium sulphate and evaporated under reduced 

pressure to dryness. The residue was dissolved in a small volume of chloroform 

and fractioned with column chromatography. 

(c) Acid subtraction: (50x2) mi. of 5% aqueous NaOH (w/v) was treated with 

the remaining ether part immediately after separation of basic part. The aqueous 

layer was extracted with ether which after dehydration with anhydrous sodium 
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sulphate, evaporated to dryness under reduced pressure and the residue was 

~aken in a small volume· of chloroform and chroma~ographed. 

(d) Neutral subtraction :The ether part left after separation of phenolic acid 

(a), basic (b) and acid subfructions (c) was treated as neutral subtraction. That 

. ether part· after dehydrating with anhydrous sodium sulphate was evaported 

under reduced pressure and the residue was taken in a minimum volume of 

chloroform and chromatographed. 

(D) Ether insoluble niethanolic fraction : 

The alcoholic fraction left after extraction with ether was concentrated to 

small volume under reduced pressure and treated with water to obtain any 

precipitate. The solid precipitate after filtration and dehydration was tested for 

chemical compound after fractional crystallisation. 

Ill. Isolation and purification·: 

Different fractions of ether solubl.e alcoholic part as well as ether· insoluble 

· part were further purified by column chromatography or by fractional 

crystallisation in order to isolate pure chemical compounds. 

Two different adsorbents like silica gel G and Alumina were used for this 

. purpose. 

The procedure for column chromatography was as follows : 

Each fraction was concentrated to a small volume separately under 

reduced pressure. Each of the concentrated mass was taken in minimum volume 

of chloroform and was adsorbed over silica gel G or alumina packed in a glass 

column at room temperature and eluted with solvents startings from non polar 

solvent to polar one and their mixtures (v/v). The sequence was as follows : 

1. Petroleum ether 

2. Petroleum ether : Benzene (3: 1) 

3. Petroleum ether: Benzene (1 :1) 
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4. Petroleum ether: Benzene (1 :3) 

5. Benzen·e 

6. Benzene : chloro~orm (3: 1) 

7. Benzene: chloroform (1 :1) 

8. Benzene: chloroform (1 :3) 

9. Chloroform 

10. Chloroform : Methanol (3: 1) 

11. Chloroform : Meth_anol ( 1:1) 

12. Chloroform : Methanol (1 :3) 

13. Methanol 

IV.· Characterisation of chemical compounds: 

The identity of different isolate~ chemical compounds were confirmed by 

either physical or chemical data obtained from 

1. Melting point determination (m.p.) 

2. Mixed melting point determination (m.m.p.) 

3. Thin layer chromatography (TLC) 

4. Paper chromatography (PC) 

5. Ultraviolet spectrum (UV) 

6. Infrared spectrum (IR) 

Different reagents used for chemical tests : 

(1) 1% FeCI
3

: 1gm of FeCI
3 

dissolved in 100ml of water 

(2) Aniline hydrogen phthalate : 1.6 ·gms of 0-Phthalic acid was dissolved 
. . 

in 49ml. n-BuOH and mixed with 0.92 ml of aniline. In the mixed solution, 49 mi. 

Et
2
0 and 2ml. water were added. 
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(3). Lieberman- Burchard test: The chloroform solution (1 ml) of the salll(ple 

was treated with acetic anhydride (1 ml) and then conc.sulphuric acid (1 ml) was 

added. 
. 

(4) Phosphoric acid reagent: 1 volume 0-phosphoric acid diluted with 1 

volume of water. 

(5) Phosphomolybdic acid : 1.5 gm phosphomolybdic acid in100ml 

methanol. 

RESULTS: 

FRACTION - A : 

The petroleum ether (B.P. 60°-80°C) extract of the air dried powdered 

leaves of Cymbopogon pendulus .(Nees ex Steudei)"W. Watson was taken in 

minimum volume of chloroform and column chromatographed over alumina. 

The crystals obtained after eluting the column with different solvents are 

presented in the following table - 4. 

Table -4 

The residue obtained from fraction (A) of leaves of C. pendu/us (Nees ex 

· Steudel) W. Watson after eluting with different solvents. 

Eluent 

Petroleum ether 

(60°-80°C) 

--do-

Petroleum ether : 

Benzene 

3: 1 

1 : 1 

1 : 3 

Benzene 

Sub-fraction numbers 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

Residue on evaporation 

Oils 

Crystals 

Trace oils 

Crystals 

Trace oils 

Oils 

Contd ... 



____,..---

___;~-... 

--do-- 31-35 nil 

--do-- 36-40 nil 

Benzene : Chloroform 

3: 1 41-45 nil 

1 : 1 46-50 nil 

1 : 3 51-55 nil 

Chloroform 56-60 nil 

--do-- 61-65 Crystals 

--do-- 66-70 Crystals 

--do-- 71-75 Crystals 

--do-- 76-80 nil 

Chloroform : Methanol 

3: 1 81-85 nil 

1 : 1 86-90 nil 

1 : 3 91-95 nil 

Methanol 96-100 nil 

--do-- 101-105 nil 

--do-- 106-110 nil 

· Sub-fraction : 6-1 o 
0.... 

The sub fractions of the eluent were collected and evaported to dryness 
/... 

when an appreciable solid residue was obtained. The solid mass was dissolved 

in chloroform and methanol was added sufficiently to form turbidity in the mixture 

of solutions. It was slightly heated arid kept at room temperature for over night 

when crystals were observed to be deposited. Crystals were separated after 

filtration and recrystallised from choloroform methanol mixture. The compound 

melts at 95°C. It is not positive to Liebermann - Burchard reaction. From IR 

spectrum (Fig. 1 0) it appears to be hydrocarbon due to presence of characteristic 

peaks at 1460 cm-1 (CH
2

) 1380cm-1 (CH3). The characteristic peak at 2850 

cm-1 represents CH, supporting aliphatic nature of compound. All these 

absoprtion peaks are characteristic for alkane nature of compound as supported 
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by Pavia et al (1979). They suggested that in alkane C-H stretch occurs around 

3000 cm-1 and that absorption of CH aliphatic was always to the right of 3000 

cm-1. 

Sub-fraction : 16-20 
tL 

The subtraction of the eluent were collected and evaported to a small 
" volume when an appreciable amount of crystal was deposited. Pure crystals 

we~e obtained from chloroform methanol mixture. This was recrystallised from 

acetone and colourless needles of crystals were found. A small fraction of the 

crystal was dissolved in hot methanol and subjected to TLC on silica gel (Kiselgel 

G E. Merck) and was found to be identical in behaviour with the authentic sample 

of pure - sitosterol (chloroform : Acetone; 99 : 1, v/v, Rf. 0.54; Benzene: 

chloroform 40:60 v/v, Rf. 0.46; Benzene : Ethyl acetate 90:10, v/v, Rf. 0.59). 

The developed chromatogram was _sprayed with 0-phosphoric acid and the 

plate was heated at 120°C for 1 0 minutes. The bluish spots of authentic sample 

of pure sitosterol as well as isolated crystals were intensified when chromatogram 

. was again sprayed with freshly prepared phosphomilybdic acid and heated at 
. . 

120°C for 5 mins. The authentic sample and isolated crystals produced greyish 

brown florescence on the devel~ped chromatograms under UV light and a pale 

rose violet colouration with trace of bluish tinge with Liebermann-Burchard 

reagent was noted. It gave acetate with m. p. 132-133°C characterisation of the 

isolated chemical was finally confirmed with m.p. 138-140° m.m.p (undepressed).· 

TheIR spectrum of this compound has been examined. Its characteristic peaks 

. and their assignments are identical with those of authentic Sitosterol and has 

been represented in Fig. 11. 

·. Sub-fractions : 61-75 

The crystals were collected after evaporating the solvents and recrystalised 

repeatedly from acetone when a small amount of crystal was deposited. A 

small fraction of isolated crystal was dissolved in hot methanol and subjected 

to TLC on silica gel G and was found to be identical in behaviour with the 

authentic sample of pure lanosterol (Chloroform: acetone, 99:1, v/v, Rf. 0.79; 

Benzene: chloroform (40:60, v/v, Rf.63); Benzene: Ethyl acetate (90: 10, v/v, 
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Rf. 0. 71 ). The isolated crystal shows positive test with Liebermann-:-Burchard 

reagent. Characterisation of the isolated. chemical was finally confirmed with 

mp. (140°-141°C), m.m.p. (undepressed). The IR spectrum of the compound 

has been examined. The peak absorption and their assignments are identical 

with the authentic sample of pure lanosterol (Fig. 12). 

FRACTION - 8 : Methanolic extract of dried leaves of C. pendf!lus (Nees ex 

Steudel) W. Watson was treated wit~ solvent ether to produce ~ther soluble (C) 

fraction from which different sub-fractions were examined. These are as follows 

I 

(a) Phenolic acid subtraction : · 

The sodium bicarbonate subtraction after acidification and extraction wtih 

ether was evaporated and solid mass was dissolved in hot methanol. In hot 

condition drops of chloroform were added, crystal started appearing .. It was 

kept overnight in the refrigerator and was filtered. After drying, the melting point 

was determined to be 200-201 °C. This was re-crystallized and the metling point 

was confirmed to be 199-200°C. This is soluble in methanol and. hot water but 

insoluble in coid water and petroleum ether. The isolate~ phenolic acid showed 

similar behaviour on paper chromatography with the authentic caffeic acid 

· (Butanol : acetic acid:water, 4:1 :5, v/v/v, Rf. 0. 78 ; Isopropanol.: Ammonia : 

water, 10 : 1 : 1,· v/v/v, Rf. 0.26). The spot$ was faint brown but became bright 

in colour with ammonia treatment. This spot showed characteristic deep blue 

colour of caffeic acid in presence. of UV. 

This was further confirmed when 1% FeCI3 solution turned green to both 

the·isolated and authentic-caffeic acid. TheIR spectrum showed characteristic 

peaks at 3400,3200, 1635, 1610, 1595, 1520, 1370, 1280 and 1180 cm-1 and 

which were super imposable to those of authentic caffeic acid. (Fig. 13) 

'(b) Basic subtraction and (c) Acid subtractions were examined and no appreiable 

amount of solid mass or crystals were obtained. 

(d) Neutral subtraction : The neutral subtraction obtained after separation of 
r 

phenolic, basic and acid subtractions of ether soluble part, was column 
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chromatographed over alumina. The ether soluble part was evaported to dryness 

and dissolved in chloroform. It was adsorbed over alumina packed in a glass 

column. It wa~ eluted with different solvents starting from non polar type to 

polar one and their mixtures. The residue obtained after elution with different 

solvents are represented in the table-5. 

Table- 5 

The residue obtained from the neutral subtraction of the leaves of C. 

pendulus (Nees ex Steudel) W. Watson after elution with different solvents. 

Eluent Sub-fraction numbers Residue on evaporaton 

Petroleum ether (60-80°c) 1-5 I oils 
- dq- 6-10 oils 
-do- 11 - 15 oils 
-do- 16-20 nill 
-do- 21-25 nill 

Petroleum ether : 
Benzene 

3: 1 26-30 Crystals (trace) 
-do- 31-35 Crystals 
1 : 1 36-40 Crystals 
-do- 41 -45 CrystC~Is 

1: 3 46-50 Crystals 
-do- 51-55 nil 

Benzene 56-60 nil 
Benzene : chloroform 

3: 1 61-65 nil 
1 : 1 66-70 nil 
·1: 3 71 -75 nil 

Chloroform 76-80 oil (trace) 
-do- 81-85 nil 

chloroform : methanol 
3: 1 86-90 nil 
1 : 1 91-95 nil 
1: 3 96- 100 nil 

Methanol 101 - 105 nil 

-do- 106-110 nil 

{62] 



Sub-fraction : 26-50 

The total collection was evaporated to small volume and an appreciable 

amount of crystals were obtained. The solid mass was filtered off and dissolved· 

in chloroform. Crystals were obtained from chloroform-methanol mixture and 

recrystallis.ed from acetone. The melting point was observed to be 138°-140°C 

and positive to Liebermann-Burchard reagent. The compound was confirmed 

to be Sitosterol. The characterisation of the isolated compound was identical . 

with the authentic smaple of sitosterol and which has been represented and 

discussed earlier in connection with column chromatography of petroleum ether 

fractions (A). 

\ 

(D) Ether insoluble alcoholic part : 

The ether insoluble alcoholic part after complete evaporation was treated 

with hot water and concentrated. The water soluble part was kept in the 

refrizerator for seven_days when cream coloured solid was separated out. After 

filtration the residue was washed with chloroform and dissolved in methanol. 

Re-'crystallisation was performed with methanol water mixture. This was cleared_ 

. after warming and keeping in cold wheh pale yellow solid was deposited. The 

pale yellow crystals showed mp 295°C . 

.That the compound is a flavone glucoside was established on the basis 

of its chemical and physical characteristics. Like most of the glucosides it is 

soluble in water and methanol but insoluble in ether, chloroform and petroleum 

e~er. Paper chromatographic behaviour and colour properties in visible and 

U,B'Iight supported its flavone nature. Butanol : acetic acid : water 4 :1 :5, v/v/v 

and 5% aqueous acetic acid showed Rfs. 0.27 and 0.11 respectively. The pale 

. yellow spots under visible light turned dark brown under UV and become yellow 

green under UV in presence of ammonia. Ultraviolet absorption spectra of the 

isolated compound showed max 268 and 333 nm in methanol but in presence 

of sodium acetate they were shifted to 269 and 386nm. The glucoside nature 

of the compound was confirmed after acid hydrolysis (2M HCI) performed after 

heating for 30 min at 1 00°C. The aqueous acid filtrate from the hydrolysed 

product was extracted with ether to remove traces of aglycone. Dissolved ether 
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was removed from the acid solution after heating and it was neutralised with 

barium carbonate. After filtration the filtrate was concentrated under reduced 

pressure. The residue was taken in a small quantity of distilled water and spotted 

on chromatographic paper and run in solvent mixture of Butanol : aceitc acid 

and water. 4:1:5, v/v/v/, Rf. 0.16; Butanol: Benzene: Pyridine: water, 5:1:3:3:,. 

v/v/v/v, Rf, 0.24 and phenol saturated with water Rf. 0.34. All these spots became 

brown after spraying Aniline hydrogen pthalate and these characteristics were 

identical with those authentic glucose. 

TheIR-spectrum of the islolated product showed ch~racteristic absorption 

peaksat3550, 1660,1550,1400,1360,1290,1200,1160,1120,1100,1000, 

·900, 800 cm-1 and which were noted to be superimposable with that of authentic 

Apigenin-? glucoside (Fig. 14). 

SECTION- C: ISOLATION AND IDENTIFICATION OF ANTH.OCYANIN IN 

RED STEM OF C. pendulus (Nees ex Steudel) W. Watson. 

MATERIAL AND METHODS: 

Materials .: Red stem of C. pendu/us (Nees ex Steudel) W. Watson growing in 

N.B.U. campus. 

Methods - Separation of anthocyanin bearing tissue from the stem of the 

plant. 

Leaves were separated from freshly collected red stem of the plant and 

stems were cut into pieces. Surface tissue in the cortical region of the stem 

was peeled off and accumulated. 

Extraction of anthocyanin : 

Cut pieces of anthocyanin bearing tissue of the stem were collected in a 

conical flask containing methanol - HCL (1 %). This was repeated for three 
-

times so that pigment from the stem tissue came out. It was filtered and the 

filtrate was concentrated to small volume under reduced pressure at 35-40°C. 

[64] 



··~ 

Paper chromatography of anthocyanin pigment : 

The concentrated methanol - HCI (1 %) extract of anthocyanin pigment 

was spotted on Whatnian No. 3 chromatographic paper and chromatographed 

in (a) Forestal (cone. HCI: Acetic acid: water, 3:30:10, v/v/v) and (b) Butanol: 

acetic acid: water (4:1:5, v/v/v, upper phase) and (c) 1% HCI. 
. ~ 

Hydrolysis of anthocyanin pigment·; 

The pigmented :extract was hydrolysed in water bath-at 100°C with 20% 

HCI for 1 hour. The coloured extract was cooled and washed with ethyl acetate. 

The ethyl layer was discarded and the remaining aqueous layer was heated at 

80°C for 3 minutes to remove last trace of ethyl acetate. The pigment was then 

extracted into a smal volume of. amyl alcohol which was pipetted off and 

. concentrated to dryness after heating on a watch glass on a boiling water bath 

avoiding overheating othewise pigment would be destroyed. The anthocyanin 

in the residue was dissolved in 2-4 drops of methanolic - HCI and 

chromatograp.hed two dimentionally in (a) Forestal (cone. HCI : acetic acid : 

water, 3:30:10, v/v/v) and (b) Butanol : acetic acid: water (4: 1 :5), upper phase, 

Rfs. were calculated. 

lde~tification of sugar by paper chromatography : 

The· aqueous layer left after the treatment of amyl alcohol to the acid 

hydrolysate, contained sugar. From the aqueous acid hydrolysate, HCI was 

removed by repeated washing with 1 0% solution of di-n-octylmethylamine in 

chloroform following Harborne (1973). The upper aqueous layer was separated 

and concentrated under reduced pressure. It was spotted on Whatman No. 1 

. paper and chromatographed using different solvent mixtures along with marker 

sugars. Solvent mixtures used were, (a) n-butanol: acetic acid: water, 4:1:5, 

v/v/v and (b) phenol saturated with water. The paper was sprayed with aniline 

hydrogen phthalate to identify the spots of sugar. 
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RESULTS: 

Table- 6 

RC. values, colour behaviour of chemical marker and different colour pigments extracted from red stem of C. pendu/us 
- (Nees. ex. Steudel) W. Watson during paper chromotography. 

Test material Rf. values in solvent mixture 
Cone. HCI : Acetic acid : Water Butanol : Acetic acid : 

Extract from red stem 
(isolated anthocyanin) 

Extract, after acid hydrolysis 
of isolated anthocyanin from 
red stem 
(Isolated anthocyanidin) 

Authentic cyanidin 

(3:30:10, v/v/v) Water {4:1 :5, v/v/v) 
(upper phase) 

0.67 0.39 

0.43 0.67 

0.42 0.68 

1% 

0.15 

0.21 

0.20 

colour 
HCI Vsible. uv NH3 NH 3 

colour visible uv 
light 

Magenta Dull violet Bluish Blue 

Magenta Dull violet II " 

II " " 

-l 
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Table -7 

Identification of sugar after hydrolysis of anthocyanin isolated from red stem of C. pendulus (Nees ex Steudel) W. Watson by 
paper chromatography 

Spots on PC. 

Sugar obtained after acid 
hydrolysis of isolated 
anthocyanin 

Au:hentic glucose 

Rf. values in solvent mixtures 

Butanol : Acetic acid : Water 

(4:1:5, v/v/v) upper phase 

0.13 

0.13 

Phenol saturated 

with water 

0.34 

0.35 

Colour shown after spraying Aniline 

hydrogen phthalate 

Brown 

Brown 



DISCUSSION 

Cymbopogon is well known world wide for its essential oil content. India 

is the major producer of this oil. C. pendulus (Nees ex Steudel) W. Watson is 

grwoing wildly in the plains of Darjeeling condition. Up-to-date no work has so 

for been done on chemical investigation of this wild species. Here in this part of 
. ' . 

work an attempt has been made to investigate on isolation and purification of 

constituents in essential oil as well as non essential oil components. After GLC 

. analysis it appears (Fig. 9) that leaf contains citral as the main component 

associated with appreciable amount of terpine and other minor terpenoid 

constituents which.are not in a position to identify their chemical nature. The 

table-3 shows that the leaf smaple harvested in October contains 82.92% of 

citral out of which a.-citral and ~-citral are 58.05% and 24.87% respectively. 

Terpine content has been observed to yield only 9.79% 

The analytical reports of essential oils of some Cymbopogon species from 

· Bangladesh were reported by manzoor-1-Khuda et al (1984). According to them 

C. pendu/us (Nee~ ex Steudel) W. Watson contain 78-79% of citral. Singh et al 

(1-982) reported green leaves to contain 83.36% and dark brown drY leaves 

~contained 80.18% in Jammu lemon grass or RRL-16 (C. pendulus Wats) in 

Aligarh condition. Now-a-days bulk ofthe lemon grass oil is used for the isolation 

of citral, because in recent years, citral has assumed considerable commercial 

significance in the synthesis of vitamin A via f3-ionone production (Guenther, 

· 1950; Virmani et al., 1.977, 1979; Gupta and Jain 1978; Nair, 1982). In connection 

with the searching for aroma chemicals of industrial value from different species 

of Cymbopogon, Atal and Bradu (1976) reported C. pendulus (Nees ex Steudel) 

Watson, the Jammu lemon grass PRL-16 as a new superior source of citral. 

According to them the citra I content. as determined by chemjcal analysis 
z. 

reiT!ained high (88%) in C. pendulus but GLC analysis gave f~gure of 75% 

citra I content in the same species. But all these authors did not find out a. and 

~-citral content separately.· 

With this background C.pendulus (Nees ex steudel) W. Watson yielding 

82.92% of .total citrai in Darjet(~ng condition may be recommended as a potential 
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source of citra! and should be taken into consideration for their commercial 

utilisation in the region. 

In connection with investigation on isolation and characterisation of 

chemical constituents other than essential oil in the leaves of C. pendulus (Nees 

ex Steudel) W. Watson an appreciable amount of solid hydrocarbon (mp.95°C) 

in crystalline form has been isolated from petroleum ether extract. From IR 

spectrum (Fig. 1 0) it appears that compund is mainly made up of CH
3 

and CH
2 

which are identified from the absorption peaks out 1380 cm-1 and 1460cm-1 

characteristic for these functional groups respectively. Hydrocarbons are 

prevalent in most higher plant waxes (Thompson, 1980) and are formed 

enzymatically in the epidermal layer of cell and extruded by an unknown 

mechanism to the tissue surface. At one time- it was thought that the 

hydrocarbons were synthesised by condensation of two long chain fatty acids. 

However, direct evidence obtained using higher plants is more in keeping with 

the continued elongation of fatty acids past the usual chain length of 16 or 18 

carbon atoms and small amounts of these long chain fatty .acids are indeed 

found in the same tissues that contain the hydrocarbons (Kolattukudy and 

Walton, 1973) According_ to some authors different enzyme systemJocated in 

the- endoplasmic reticulu-m and using malonyl CoA as $Ubstrate for chain 

· lengthening are involved in hydrocarbon synthesis in plant (Kolattukudy and 

Buckner, 1972) Secondary alcohols and ketones are also involved in wax 

formation in plants (Thompson, 1980). As _the isolated propduct has no 

characteristic peaks of OH and C=O,.the compound is expected to be n-Aikane · 

having structural·formula CH
3 
(CH

2
)

0 
CH

3 
though "n" is yet to be determined. -

According to Trease and Evans (1978) alkanes may be considered as 

chemotaxonomic marker though limited chemotaxonomic studies at the species, 

generic and family levels have been made. 

The petroleum ether extracted has also been observed to yield sitosterol 

and lanosterol these have been confirmed with the superimposable IR spectrum 

of the isolated products with those of authentic sitosterol (Fig. 11) and lanosterof 

(Fig. 12). Besides neutral subtractions (d) from ether soluble alcoholic extract 
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· has also b~en found to contain sitosterol. In this connection if may be mentioned 

that sitosterol was previously known as ~-sitosterol (Harborne, 1973). 

Leaves of C. pendulus (Nees ex Steudel) W. Watson is a store huse of 

various monoterpenoid compounds like citral and terpine as observed during 

GLC analysis of essential oil. It is expected that phytosterol like sitosterol or 
-· 

lanosterol will occur because phytosterols are biosynthetically related to 

monoterpenes (Banthorpe and Charlwood, 1980). The formation of sterols goes 

through the familiar pathway of acetate-mevalonate pathway. It is generally 

accepted that cycloartenol is the first cyclic product in plants from which lanosterol 

isproduced (Benveniste et al 1966; Ehrhardt et al, 1967; Rees et al, 1968; 

Knapp and Nicholas, 1971) and sit'osterol is produced late in the biosynthetic 

pathway proposed by Grunwald (1970). These sterols are basically the 

components of membrane and are important for its stabilisation. The bulk of 

these types of sterols are localized in intercellular organelles (Kemp and Mercer, 

1968; Grunwald, 1970) and the plasmalema (Hartmann et al, 1975). 

Methandlic extract of leaves of C. pendulus (Nees ex Steudel) W. Watson 

has been observed- to yield two_ phenolic compunds. Caffeic- acid, 3'-4' 

dihydroxycinnamic acid (Fig. 13) hsts -been identified to be present in ether_-·.- __ _ 

soluble methanolic extract of phenolic acid suqfraction (a) and Apigenin 7-. 

glucoside a flavonoid (Fig. 14) has been isolated from ether insoluble methanolic 

extract of leaves. ~oth of them have been confirmed after studying 

superimposable IR spectrum of the isolated products with those of authentic 

sample as represented in the Fig. 13 for caffeic acid and Fig. 14 for Apigenin -

7 -glucoside. 

The synthesis of phenolics in plants results from several different pathway 

(Grisebach, 1972). The formation of phenolic rings from acetate (and malonate) 

by cyclization of polyketide chains accounts for a large number of phenols itself 

- and contributes a significant source of carbon for production of other compounds 

notably the flavonoids (Creasy and Zucker, 1974). Spectacular progress has 

been made in advanCing our knowledge of phenolic biosynthesis through 

enzymic investigation (Harborne, 1980). Phenyl alanine ammonia lyase (PAL), 
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the key anzyme of phenolic biosynthesis was first reported by Koukol and Conn 

(1961 ). It catalyzes the deamination of phenylalanine to produce trans-cinnamic 

acid (Harborne, 1980). The introduction of a second hydroxyl group into p-
. . 

coumaric acid (4-hydro)<ycinnamic acid) to give caffeic acid (3-4 hydroxycinnamic 

acid) is catalysed by phenolases (Vaughan et al, 1969; Schill and 

Grisebach, 1973). Enzymology in connection with biosyl)thesis of Apigenin and 

Apigenin - 7 glucoside has been worked out by different authors (Suiter et al, 

1972: Ortmann et al,-1972). According to them chalcone-flavone synthetase is 

involved to condense 3 malonyl GoA and p-coumaroyl GoA to produce either 

chalcone or naringenin (flavanone) which in turn is converted to apigenin by 

the activity of chalcone-flavanone oxidase. Apigenin is activited in presence of 

UDP-glucose flavone 7-0- glucosyl transferase to produce Apigenin-7 glucoside. 

It is now well established that caffeic acid and apigenin-7 glucoside are 

involved controlling growth and development of plant parts like leaves. This is 

dae to the effect of these phenolic compounds on indoleacetic acid oxidase, a 
Q... 

peroxidase type enzyme which is capable of auxin destruction (H!!"borne, 1980). 

It is well established that; in vitro, phenolic compound caffeic acid with catechol 

B-ring have a sparing effect on IAA by inhibitir:-tg oxidase activity and hence· 
. . 

affect the plant groWth. By contrast flavonoid like Apigenin-7-glucoside with 

monohydroxy phenol B-ring, uniformly augment enzyme activity and these have 

a potentially inhibiting effect on growth (Stenlid, 1968, 1976). How_ important 

this is in vivo has never been fully examined and indeed the question whether 

IAA oxidase has a regulating role in auxin activity has not been satisfactorily 

answered. An in vitro effect of phenolics on the path way of auxin biosynthesis 

from authranilic acid and tryptophan has also been demonstrated but again the 

in vivo significance of such interactions has yet to be established (Kefeli and 

Kutacek, 1977). 

Another point of hormone control that phenolics might affect the 

biosynthesis of ethylene which controls senescence of leaves and the plant as 

a whole. It is known that p-coumaric acid ester is necessary cofactor for ethylene 

biosynthesis from methionine (Mapson, 1970). It is a cofactor to a peroxidase 

like enzyme on the pathway and it is interesting that caffeic acid can inhibit the 
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enzyme activity. Thus balance of monohydroxy cinnamic acid like p-coumaric 

acid to dihydroxy cinnamic acid like caffeic acid at the site of the synthesis 

could theoretically provide regulation of ethylene synthesis (Harborne, 1980). 

As the growth of any plant or plant parts like leaf is controlled by the 

balance between monohydroxy and dihydroxy phenolic compounds, the 

presence of dihydroxy phenolic compound like caffeic acid and mononydroxy 

phenolic Apigenin-?- glucoside in the same leaf of C. pendulus (Nees ex Steudel) 
. . 

W. Watson may have certain role on the overall growth of the plant on the basis 

of their balanced activity and need further investigation on this aspect. 

The relatively recent discovery that certain phenolics particularly caffeic 

acid esters and flavonoids, occur in plant chloroplasts (Sunders and McClure, 

1976) in small amount raises the question of further possible function in 

relationship to photosynthesis or to the effect of light on plant processes. It is . 

conceivable that phenolic constituents, because of their intense UV absorption 

can provide prote~tion from damaging UV radiation in atmosphere and may be 

valuable in absorbing the radiation which might other wise interfere with the 

more vital process as in the chloroplst (Harborne, 1980). 

' ' 

Further studies are needed to see whether they are in fact of importance. 

in the over all metabolism of these organelles. 

Thus isolation and characterisation of alkane, sitosterol, lanosterol, caffeic 

acid and Apigenin-? glucoside along with the terpenoid constituents like a-,~

citral and terpine in essential oil which are for the first time to report to be present 

in the leaves of C. pendulus (Nees ex Steudel). W. Watson though sitosterol 

and p-hydroxy cinnamic acid were isolated along with other terpenoid 

constituents from C.schaenamthus L. by Dawidar et al, (1990). 

Like several commercially important species of Cymbopogon, the stem of 
t 

C. pendu/us (Nees ex Steude) W. Watson is characteristic due to presence of 
1'1. 

red pigment. In order to isolate and identify the anthocyanin pigment the method 

proposed by Harborne (1972) has been followed and in this respect methanolic

HCI (1 %) has been utilised for its isolation. Acid hydrolysis has been performed 
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for identification of sugar component of the anthocyanin. The table-6 shows 

that the anthocyanin isolated from the red stem has similar behaviour with that 
. . 

of authentic cyanidin and form the table-7 it appears that chromatographic 

behaviour of the isolated sugar is similar to that of glucose. 

Cyanidin glucoside is being reported for the first time to be present in the 

stem of C. pendu/us (Nees ex Steudel) W. Watson. Though cyanidin glucoside 

has not been detected in any other species of Cymbopogon but itisavailable in· 

other species of Poaceae such as Mq/inia caeru/es (Bendz and Haglund, 1967); 

Seca/e cerea/e (Dedio et al, 1969; Metche, 1967) and Triticum aestivum (Dedio 

et al,1969). 

The present investigation is expected to be of much help in connection 

with chemical identification of the species and during screeing of different strains 
. . 

within the wildly growing species like C. pendulus (Nees ex Steudel) W. Watson 

available in the plains of Darjeeling district, West Bengal. 

SUMMARY 

Phytochemical investigation has been carried out to.understand quality 

and quantity of different constituents in essential oil extracted form the fresh 

leaves of Cymbopogon pendu/us (Nees ex Steudel) W. Watson aboundantly 

growing as a wild plant in Darjeeling distrcit, West Bengal. 

Crude essential oil has been extracted from leaves by hydrodisti.llation 

method. Gas Liquid Chromatography has been applied to understand quality 

. and quantity of different terpenoid constituents in lemongrass oil obtained from 

the plant. Essential oil has been observed to contain a. and P-citral, terpine and 

three other unidentified volatile components. 

Essential oil in the leaves harvested in October from the plant at the 

flowering stage contains 82.92% of total citral, out of which a.-citral and p"'"citral 
~ 

contents are 58.05% and 24.87% repectively. Terpine content has been 
" observed to yield only 7.76%, while the yield of three unknown terpehoids i.e. 
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No.1, 2 and 3 have been estimate to become 1.97%, 2.06% and 3.29% 

respectively. 

During isolation of monterpenoid chemical constituents from dry leaves 

of the plant, solid hydrocarbon, n-Aikane, phytosterol, such as sitosterol and 

lanosterol have been isolated from petroleum ether extr~ct. 

Methanolic extract has been separated into ether soluble and ether 

insoluble methanolic fractions. Ether. soluble fraction, again has been separated 

into phenolic, acidic, basic and neutral subtractions. Caffeic acid and sitosterol 

have been identified in phenolic acid and neutral subtractions respectively. 

Apegenin-7-glucoside has been isolated and identified from ether insoluble 

methanolic part. Besides these, an anthocyanin, cyanidin glucoside has been 

identified after isolation of the pigment dissolved in methanolic HCI (1 %) from 

the red stem of the plant. 

All these natural products have been identified after comparing physical 

and chemical chracteristics, chromatographic behaviour and IR spectrum of 

the isolated products with those of authentic sample collected from different 

laboratories in India and abroad. 
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Chapter - III 

QUANTITATIVE VARIATION OF ESSENTIAL OIL AND ITS 

TERPENOID CONSTITUENTS ISOLATED FROM 

DIFFERENT PLANT PARTS OF C. pendu/us (Nees ex 

steudel) W. Watson IMMEDIATELY AFTER THEIR 

HARVEST~ FROM.LEAVES SUBJECTED TO DRYING AT 

DIFFERENT TEMPERATURE AND ALSO FROM 

ESSENTIAL OIL UNDER STORAGE CONDITION. 



INTRODUCTION 

The lemon grass oil is well known for its citral content. Both oil and citral 

are employed in the manufacture of soaps, cosmetics, perfumes and medicines. 

Citral is generally available in two forms a and ~-citra I. Both of them are used 

commercially. a -citral is being utilised as a flavouring agent while p-citral is 

imporant in connection with the manufacture of vitamin A and E (Guenther 

1948, 1950; Jagadish Chandra 1975 a & b; Robbins, 1983). 

Increasing demand in India and the threat to export have led to more 

vigorous screening for selection at' cultivars of better productivity of oil and its 

quality. 

With this background investigation has been carried out to understand 

the chemical nature of essential oil from qualitative and quantitative point of 

view in the leaves of C. pendu/us (Nees ex. St~udel). W. Watson growing widely 

in the plains of Darjeeling district, West Bengal. 

That the leaves of the plant yield high percentage of citral including its· 

- isomers, like a· and P-citral has already been represented else where in the 

thesis. Besides citral, terpine and some minor volatile terpenoids have also 

been detected in the leaves of the plant. 

In order to understand the nature of accumulation of oil and its constituents, 

chemical investigation on different plant parts is very much needed for their 
' 

purposeful utilisation on commercial-scale. 

During commercial utilisation of the plant it is felt necessary to store raw 

· material of commercial interest for a considerable period of time. But from 

economy point of view it is very difficult to store huge collection of leafs 

immediately after their harvest. As an alternative isolated essential oil may be 

stored in a small space. 

Thus it is necessary to evaluate the quality of oil during its storage. This 

observation will be of much help in understanding the chemical changes in oil 
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during storage so that purposeful utilisation of the plant in phytochemical industry 

in our country could be possible. 

MATERIALS AND METHODS: 

Materials :Various plant parts i.e., entire leaves, their,separated parts like, 

leaf blade, leaf sheath, flowering top, stem and root were collected from the 

plant C. pendulus (Nees ex Steudel) W. Watson growing in the experimental 

garden of North Bengal University. Besides, essential oil extracted after their· 

harvest was also taken into consideration. 

Methods: 

Collection of Different Plant Parts : 

Different plant parts such as leaves, roots, stems and flowering tops were 

collected in the month of October separately. Roots after their collection, were 

washed with water thoroughly to remove soil particles and then dried at room 

temperature-(29.± 1° C). Young and mature leaves were--sorted out. Each of 

the type of leaves at different developing-stages were separated into leaf-blade 
. . . 

· · and leaf-sheath. Leaf blades having length 25-47 em and breadth 0.6-0.9 em 

were considered as young and those having length 90 - 11 0 em and breadth 

1.2 - 1.5 em were considered as mature ones. Similarly leaf sheaths having 

length 3.5-5.0 em and breadth 0.5-0.9 em were present in young leaves while 

the mature leaf sheath had length 14 - 17 em and breadth 1.4 - 1. 7 em. All the 

plant parts were chopped into pieces. 

High temperature treatment for drying of leaves : 

Freshly harvested green leaves were mixed thoroughly and were placed 

in a hot air oven at 60° C. A lot of dried leaves were taken out at every 24 hours. 

Drying of leaves at .room temperature : 

For this purpose, green leaves were also mixed thoroughly and were kept 

at room temperature (29 ± 1° C). A lot of leaves at room temperature were kept 

aside at every 24 hou_rs, 
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Extraction of essential oil from different plant parts as well as from 

temperature treated l~aves and quantitative estimation of oil : 

Extraction and quantitative estimation of oil were performed following 

hydrodistillation method proposed by Guenther (1949, 1972) 

The distillation appa.ratus consisted of an extractor, distillation pipe fitted 

with condenser and a collector made of glass provided with a glass tap. The 

apparatus was warmed with the help of temperature controlled heater. 

Each of the sample ( 1 00 gms) were mixed throughly and was put in the 

extractor, 2 litres of water _was added. The extractor was heated for 2 hours. 

Oil· and water were separated in two phases in the collector and the upper 

layer of oil was collected, estimated gravimetrically and expressed as 

percentage on fresh weight basis. 

Qualitative and quantitative estimation of various terpenoids in oil by 

· GLC method : 

The method has already been -represented earlier in chapter- II. 

Storage of essential oil and evaluation of quality of oil : 

Following hydrodistillation method oil was collected year wise for the 

duration of 6 years. Oil was stored in a glass stoppered bottle separately for 

each year and kept in laboratory condition. 

Qulitative and quantitative estimation of different terpenoid constituents 

of stored oil were performed follwing GLC method. 
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RESULTS: 

Table- 8 

Percentage yield of essential oil and its chemical components in different 
plant parts of Cymbopogon pendulus (Nees ex steudel) W. Watson 
immediately after their harvest. 

Type of Plant Oil Content Percentage yield of chemical components in essential oil 

Parts "'o Total citral a. Citral p Citral · Terpine Others 

Young leaf blade 0.30 67.83 49.63 18.20 17.60 14.57 

Mature leaf blade 0.58 82.92 58.05 24.87 9.76 7.32 

Young leaf sheath 0.15 63.72 47.52 16.20 19.60 16.68 

Mature leaf sheath 0.40 65.20 45._78 19.42 16.64 18.16 

Flowering Top 0.72 71.28 43.62 27.66 15.49 13.23 

Stem 0.20 60.80 38.43 22.37 23.16 16.04 

Root 0.10 52.28 33.59 18.69 21.81 25.91 

S. E~ 0.04 1.59 0.60 . 0.56 1.69 1.58 

C.D. at5% 0.16 1.04 1.07 1.11 1.07 1.03' 

·c.D.at1% 0.19 1.26 1.36 1.36 1.29 1~26 

Table- 9 

Varia~ion in percentage yield of different terpenoid constituents during 
storage of essential oil isolated from leaves of Cymbopogon pendulus 
(Nees ex. steudel) W. Watson. 

Duration of Year of Total citra! a-Citra I ~-Citra! Terpine Others 

storage (Year) Collection (%) (%) (%) Terpenoid 

6 1991 70.72 48.29 22.43 5.31 23.97 

5 1992 77.40 53.28 24.12 8.05 . 14.55 

4 19~3 79.89 56.23 '23.66 7.00 13.11 

3 1994 81.90 55.34 26.56 7.87 10.23 

2 1995 82.50 57.95 24.55 8.55 8.95 

1 1996 82.92 58.05 24.87 9.76 7.32 

S.E. 1.95 1.48 1.44 1.00 1.41 

C.D. at 5% 1.26 1.09 1.08 0.90 1.07 

C.D.at1% 1.55 1.35 1.33 1.11 1.15 
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DISCUSSION: 

The table- 8 shows that the percentage of oil was observed to be the 
. . 

highest (0. 72%) in flowering top and lowest (0.1 0%) in root. As regards different 

parts of the leaves, leaf blade and leaf sheath of the mature leaf showed. 

increased percentage of oil i.e., 0.58% and 0.40% resp~ctively as compared 

to those of young leaf blade (0.30%) and young leaf sheath (0.15%). Thus at 

both the stages of maturity of leaves, leaf blade always showed much greater 

in amount of oil as compared to that ot leaf sheath. Estimation on percentage 

of oil in different plant parts of C. pendulus (nees ex steudel) W. Watson has 

not been done ~arlier. Reports, which are available are mainly concerned with 
I . 

C. pendulus RRL- 16, W. Watson. Singh et al(1982) estimated oil in Jammu 

Lemon grass or RRL - 16 (C. pendu/us Wafs). He showed maximum of oil 

content (0.74%) in dark brown dry leaves and pale green semidry leaves only. 

On. the other hand stems, spikes and leaves (Green stage) showed only 0.24% 

though green leaves only yielded 0.35% of oil. 

On the other hand, while working with C. pendu/us RRL- 16, Atal and 

Bradu (1976) obtained maximum oil content in the leaves of 1.37% and 1.19% 

in ~he 1st and 2nd year respectively. But" they did not point O~:Jt whether the· 

high percentage of oil was obtained from freshly harvested leaves or dry leaves. 

Oil content in leaves of different species of Cymbopogon other than C. 

pendu/us was also reported. Karira and Beri (1966) observed that one third 
I . 

flowering tops of C. martini contained much more oil than the two third lower 

leafy portion, the farmer having higher oil content. It was also revealed that at 

the flowring stage the quantity of oil Was better than that at late flowring stage. 

Datta (1969) studied essential oil content in plamarosa at Lucknow, India and 

found that a gradual increase of essential oil content in leaf was noticed up to 

the flowering stage of ttie plant. Girdhari (1935} observed that in C. martini 

Stapf. Var inotia, the oil content of leaves ranged between 1.2% and 1.30% 

on dry weight basis in the month of September and gradually rose to maximum 

of 1.39% by the middle of October when flowering occurred, after which it 

showed slow decline in oil content. Rakshit and Dutta (1947) reported that 
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yield of oil from the whole plant of the same species before flowering to be 

0. 13% to 0.21% and which increased to 0. 73% to 0. 98% of oil during flowering. 

In the same type of plant, Narain and Dasgupta (1948) observed that leaves 

contained 1.32% of oil and flower heads contained 1. 71% of oil. 

Bordoloi (1982) in Assam estimated essential oil content in the leaves of 

java citronella (C. Winterianus jowitt). The oil content in leaf blade was around 

1.0% on fresh weight basis. The respctive percentages. of oil were 0.38, 0.33, 

0.3.2 and 0.02 in inflorescence, leafsheath, condensed stem and root. According 

to him, the leaf blade excluding leaf sheath was the only portion of which 

·produced maximum oil content. ~tal and Bradu (1982) recorded maximum 

yield of oil in C. nardus RRL- 5 and C. citratus RRL - 9 to became 0.'90% and 

1.48% respectively in the 1st year. 

Fig. 15 shows that high temperature treatment to harvested leves of C. 

pendulus (Nees ex Steudel) W. Watson increased the oil content in the leaves. 

The oi I content in-the leaves attended maximum of 0.80% after 24 hour treatment 

at 60 ± 1° C. The Fig. 15 also shows that oil yield gradually decreased due to 

increase of duration of the same·temperature. On the other hand the Fig. 1_6 

shows that drying of leaves at room temperature helped to yield higher 

percentage of oil after the treatment. Yield of oil gradually increased immediately 

after the treatment and reached maximum of 1.1 % at room temperature (29± 

1° C) during the treatment for 96 hours. 

This observation is very much similar to that of Singh et at (1982) who 

noted 0.74% of oil in dark brown dry leaves and pale green semidry leaves in 

C. pendulus RRL - 16 as compared to green leaves immediately after harvest 

(0.35%). 

The table - 8 shows that mature leaf blade of C. pendu/us (Nees ex. 

Steudel) W. Watson has produced 82.92% of total citra! as compared to the 

minimum value 52.28% in root. Mature leaf sheath has been observed to yield 

65.20% citra!. Young leaf blade, young leaf sheath, flowering top and stem 

show 67.83%, 63.72%, 71.28% and 60.80% respectively. 
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Singh et al (1982) estimated total citral content (83.36%) in green leaves 

of C. pendulus RRL -· 16 immediately after their harvest and the citra I content 

declined to 80.18%. when the leaves became dark brown and pale green after 

drying. They also observed 84.31% of citral in stem, spike and leaves. 

Atal and Bradu (1982) estimated citral content in C. pendulus RRL- 16 

by chemical analysis and also by GLC. They observed that the citral content 

as determined by chemical analysis 'remained high in C. pendulus (88%). But 

after GLC analysis it was observed to become only 75% in the plant. Similarly 

chemical analysis also showed 74% and 81% in C. citratus and C. nardus 

respectively, as compared to 60% i[l C. citrus and 70% in C. nard us after GLC 

analysis. 

Thus it may be stated that citral content of 82.92% in the mature leaf 

. blade of the wild C. pendu/us (Nees ex Steudel) W. Watson growing in Darjeeling 

district and examined after GLC analysis definitely claims ot' its potentiality for 

commerciaLutilisation in this region. 

The table - 8 also shows the percentage yield of a and ~ - citral in the 

leaves separately. In this respect a- citral.has been observed to become 

maximum of 58.05% in mature leaf blade when ~--citra I is only 24.87%. On the 

other hand when~- citral becomes maximum 27.66 in flowering top, the a-

· citral has been estimated to become 43.62%. From the table- 8 it also appears 

.that a - citral content alwaysremain high in all the plant part of C. 'pendulus 

(Nees ex. steudel) W. Watson studied as compared to those of ~ - citral. In 

this connection it may be mentioned that a- citral is commercially utilised as 

flavouring agent and ~- citral is used commercially for the synthesis of vitamin 

A and E. But no information about the individual yield of a and ~ - citral is 

availabe in any other species of Cymbopogon. 

Table- 8 shows that terpine content becomes high (23.16%) in stem of 

C. pendulus (Nees ex. steudel) W. Watson as compared to minimum value 

(9. 76%) in mature leaf blade. Root has also the remarkable content of terpine 

(21.81 %) though the yield of a and~- citral in it show only 33.59% and 18.69% 

respectively. 
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The table- 8 also shows accumulation of 25.91% of unknown terpenoid 

in the root of C. pendulus (Nees ex. steudel) W. Watson and which is observed 

to be maximum as compared to those obtained from other plant parts. Further 

investigation is necessary in connection with proper identification of the terpenoid 

and understanding of the nature of flowering capacity so that, such a high 

accumulation of terpenoid in the root of C. pedulus (Nees ex. steudel) W. Watson 

may be utilised commercially in future. 

Much information is not ·available in connection with the effect of 

temperature on the yield of essential oil in drying leaves, excepting the 

observation of Guenther (1972) whq first pointed out that the volatile oil enclose~ 

in the plant tis~ue was usually in one way or another affected by the drying of 

the plant r,naterial after the harvest. According to him some fresh plants or parts 

with a high water content lose much of their essential oil by air drying; others 

very little. the loss was caused by evaporation, oxidation, resinification and 

other chemical actions. Contrary to expectation, evaporation seemed to play a 

subordinate role to oxidation and resinification. Guenther (1972) also noted 

that actual evapor_ation of the volatile oil through the walls of the plant tissue 

could not take place readily because the oil must first be brought to the surface 

through hydrodiffusion, with water or plant moisture acting as a carrying medium. 

He observed that thin walled plant parts presented no obstacle to the forces of 

diffusion and in most cases evaporation would affect more wahter soluble 

constituents of a Volatile oil rather than the low boiling terpines. 

Thus the decrease of volatile oi I after oven· drying of leaves of C. pendu/us 

(Nees ex. steudel) W. Watson at 60 ± 1° C as shown in the fig. 15 may be due 

to loss of water soluble constituents of volatile oil or may be due to decomposition 

of terpenoids having of low boiling point and needs futher investigation in 

connection with their chemical identification. On the other hand drying of leaves 

of the plant at room temperature (29 ± 1 °C) for considerable period of time as 

shown in the fig. 16 shows loss of water due to wilting of leaves. Besides the. 

loss of water by wilting, the increase of volatile oil after the treatment of room 

temperature for 96 hours may be due to some enzyme activity involved during 

wilting process. Because severe wilting may be associated with the breaking 
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down of cell membrane and liquids are free to penetrate from cell to cell giving 

rise to new volatile compounds by glycoside splitting. This is supported by the 

fact that several types of fruits or leaves are almost odourless at the beginning 

but odour develops only on drying and curing. According to Guenther (1972) 

the odour of grass is very different from that of hay which develops its typical. 

cou.marin not only during the drying process. 

The table- 9 shows that during storage of oil C. pendulus (Nees ex. steudel) 

W. Watson all the contents of terpenoid constituents like total citral, a.- citral 

and terpine have been observed to be decreased, on the other hand unknown 

terpenoids show increase in accum,ulation in stored oil. From the table -9 it also 

appears that in freshly harvested leaves the total citral content of 82.92% 

gradually decreases to 70.72% during five years duration of storage. Similarly 

a. -citral (58.05%) and~ -citra I (24.87%) content of 1st year collection decreased 

· to 48:29% and 22.43% respectively in the oil stored for five years. Terpine 

content also has been observed to be lowered from 9_.76% (1st year) to 5.34% 

during the .same period of storage of oil. The 'table -9 reflects that contents of 

total citral, a. & ~ -citral, terpine and other terpenoids remained more or less the 

same for the duration of two years. Out of these observation it may be mentioned 

tha~ the quality of the oil remains more or less stable upto the storage of oil for 

2-3 years duration. Thus it is expected that, if necessary, the oil of C. pendulus 

(Nees ex Steudel) W. Watson may be stored upto 2-3 years. 

Little is known about the actual processes which cause the spoilage of 

essential oil. Usually it is attributed to general reactions as oxidation, 

resinification, polymei-isation, hydrolysis of esters and to interaction of functional 

groups. According to Guenther (1972) these processes seems to be activated 

by heat; by the presence of air (oxygen) of moisture and catalysed by expoosure 

to light and in some cases possibly by metals. 

There is not doubt that oils with a high content of terpine are particularly 

prone to spoilase, probably due to oxidation and especially resinification. Being 

unsaturated hydrocarbons the terpines absorb oxygen from the air. 

Lemon grass oil like the oil of C. pendu/us (Nees ex Steudel) W. Watson 
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contains high aldehyde content. According to Guenther (1972) the aldehyde 

content diminishes gradually yet much more showly than if the isolated 

aldehyde like citral were stored as such. He suggested that probably the 

essential oil contains some natural autioxidants, yet unknown, which to a 

certain extent protect the aldehyde while it is contained in the oiL It is probaly 

for this reason the citra I content in the oil of C. pendulus "(Nees ex. steudel) 

W. Watson maintains more or less the same percentge composition of it for 

a storage duration of two years and the marked variation in percentage 

yil~d of unknown terpenoids is probably due to marked chemical changes 

caused by certain chemical processes already mentioned. The storage of 

oil was done keeping oil in glass stoppered bottle in laboratory condition. 

Further investigation is needed taking all the pre.caution already pointed out 

by Guenther (1972) for purposeful utilisation of oil of C. pendu/us (Nees ex. 

steudel) W. Watson. during its storage. 

SUMMARY 

During investigation on quantitative variation of essential. oil and .its 

terpenoid constituents in different parts_ofthe C. pendulus (Nees ex Steudel) 

W. Watsori it has been observed that maximum oil content (0. 72% on fresh 

weight basis) has been estimated in flowerin-g top of the plant as compared 

to mature leaf blade, mature leaf sheath, young leaf blade, young leaf sheath 

showing. 0.58%, 0.40%, 0.30% and 0.15% respectively. Stem and root of 

the plant show only 0.20% and 0.10% of oil respectively .. 

So far as the terpenoid constitue~ts are concerned, maximum content 

·of total citral has been observed in mature leaf blade (82.82%) as against 

mature leaf sheath (65.20%). Root shows the lowerstvalue (52.28%). Young 

leaf blade, young leaf sheath, and stem show total citral content of 67.83%, _ 

63.72% and 60.80% respectively. total citral content becomes moderately 

high (71.28%) in flowering top. 

a -citral content is maximum in mature leaf blade (58.05%) when ~-
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citra I is only 24.87%. Root yields minimum of a- citra I (33.39%) but its ~-citra I 

content (18.69%) has been observed to be slightly higher than 16.20% in young 

leaf sheat~. In flowering top the a and~- citral contents are 43.62% and 27.66% 

respectively. . 

Terpine content becomes high (23.16%) in stem with 16.04% of unidentified 

terpenoids. Root also sh~ws high content of terpine (21.81%) and unidentified 

· terpenoids (25.91 %) as compared to mature leaf blade showing the content of 

terpine(9.75%) and unidentified terpenoid (7.32%) and also to young leaf blade 

containing 17.60% ofterpine and 14.57% of unidentified terpinoid. But young 

leaf sheath contains much greater quantity of terpine (19.60%) than that of 

mature leaf sheath (16.64%). As regards unidentified terpenoids, mature leaf 

she.ath contains greater in amount ( 18.16%) as compared to young leaf sheath 

(16.68%). 

After oven drying of harvested leaves at 60 ± 1 °C., the essential oil content 

incre.ases to reach 0.80% after 24 hours of treatment and the content gradually 

declines when duration of treatment increases. 

On the other hand, drying at r~omtemperature (29 ± 1°C.), the leaves 

yield maximum of 1.10% of oil after 96.hours of treatment. It declines gradualy 

when the hours of treatment increases. 

Total citraf content (82.90%) in freshly harvested leaves in the first year of 

collection decreases to 70.72% during storage of oil for five years. Similarly, 

a -citral (58.05%) and ~ -citral (24.80%) content in the leaves of first year 

collection decreases to 48.29% and 22.43% respectively in the oil stored for 

five years . 

. · Terpine content also has been observed to become lowered from 9.76% 

to 5.34% during the same period of storage of oil. In general it has ben observed 

that when total citral including their isomers and terpine content decreases 

during storage, corresponding increase in content of unidentified terpenoid has 

been observed. It has been shown that oil content and its constituents remain 

more or less stable for two years of storage of oil in laboratory condition. . . 
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Chapter-IV 

SEED GERMINATION AND SEEDLING GROWTH OF 

Cymbopogon pendu/us (Nees ex Steudel) W. Watson UNDER 

VARIOUS TREATMENTS AND CONDITIONS WITH ,SPECIAL 

INTEREST ON ISOLATION AND CHARACTERISATION OF 

CHEMICAL INHIBITOR CAUSING DORMANCY OF SEED. 

SECTION- A: 

SEED GERMINATION BEHAVIOUR_ IN C. pendulus (Nees ex 

Steudel) W. Watson UNDER VARIOUS TREATMENTS AND 

CONDITIONS. 

SECTION- B: 

EFFECT OF N, P AND K ON SEED. GERMINATION AND 

SEEDLING GROWTH OF C. pendulus (Nees ex Steudel) W. 

Watson. 

SECTION- C: 

ISOLATION, PURIFICATION AND CHARACTERISATION OF 

CHEMICAL INHIBITOR CAUSING DORMANCY OF. SEEDS OF 

C. pendulus (Nees ex Steudel) W. Watson. 



INTRODUCTION 

In the plains of Darjeeling condition Cymbopogon pendu/us (Nees ex 

Steudel) W. Watson flowers during September- October. Unlike others species 

of Cymbopogon, viable seeds are produced in the month of December-January. 

Thus, besides vegetative propagation, the species can be propagated by seed 

germination. But it has been observed that percentage of germination declines 

in seeds stored for a number of months. One very interesting observation is 

that the persistant glumes adhearing to the seeds has some inhibitory effects 

on seed germination in the plant. So there is necessity to understand the chemical 

nature of any inhibitor influencing seed dormancy. Moreover, some physical 

and chemical factors have also been observed to influence seed germination 

behaviour. 

The wild variety of C. pendu/us (Nees ex Steudel) W. Watson grow 

aboundantly in the plains of Darjeeling district as an obnoxious weed. The study 

of seed germination and seedling growth of this plant is very important for its 

utilisation in agronomic trial and also in connection with imporvement programme 

such as mutation breeding of the plant so that high yielding strain could be 

possible for its commercial utilisation in future. In order to maintain healthy 

seedlings for their agronomic trial the effect of N.P.K on seedling growth has 

also been taken into consideration. As the persistant glumes has some inhibitory 

effect on germination of seeds attempt has been made to understand the 

chemical nature of inhibitor causing seed dormancy. 

In this part of work materials, methods and results have been represented 

in three sections which are as follows: 
beA.dviau.n.. ~'h.-

Section- A: Seed germination ef C. pendulus (Nees ex Steudel), W. Watson 
A 

under various treatments and conditions. 

Section - 8 : Effect of N, P and K on seed germination and seedling growth of 

C. pendu/us (Nees ex Steudel) W. Watson. 
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Section - C : Isolation, purification and characterisation of chemical inhibitor 

causing dormancy of seeds of C. pendulus (Nees ex Steudel) W. Watson. 

SECTION -A : SEED GERMINATION BEHAVIOUR IN C. Pendu/us (Nees 

ex Steudel) W. Watson UNDER VARIOUS TREATMENTS AND 

CONDITIONS. 

MATERIALS AND HETHODS : 

Materials : Seeds of Cymbopogon pendulus (Nees ex Steudel) W. Watson 

were collected from the plant growing in the experimental plot of the Center for 

Life Sciences, North Bengal University, at the mature stage and utilised during 

the investigation of seed germination. 

After sundrying, seeds were kept in glass container fully closed with a _ 

bakelit~ C?_ap: _These_ were stored in the laboratory ke_eping'at the room 

temperature. 

M~thods_:-= _Mechanical separation of seeds: 

For studying the rate of seed germination, mechanical separation of papery 

· glumes from seeds were performed by using grinder machine. (Remi) with 

moderate speed. Papery glumes were separated from the caryopsis type of 

fruit. The seeds were then sterilized with 0.1% HgCI
2 

for 30 sec. and washed 

throughly in distilled water. After that only the seeds which sinks well in distilled 

water were selected and placed in petridishes containing cotton pad soaked 

witt) different test solutions. These were kept in temperature, light and humidity· 
e -

controlled seed germinator (R~mi) at 22°C in white light supplied by fluorescent 

lamp (200 Lux) with 80-85% humidity. Each experiment included three replicates 

each of 100 seeds. The emergence of the radicle was taken as criterion for 

seed germination and the percentage of germination was recorded every day. 

Final observation was recorded on twelveth day after the initiation of the 

experiment. 

[87] 



Effect of storage on germination and viability of seed : 

Seeds were stored in glass stoppered bottles. They were taken out in 

every month in a lot and placed for germination at 22°C. This was continued till 

one year from the month of their collection. 

Effect of temperature : 

Sterilized s~eds were placed for germination under white light (1685 Lux) 

at different temperatures such as 18°C .± 1 °C, 22°C .± 1 °C, 26°C .± 1 °C, 30°C .± 
1 °C, 34°C .±... 1 °C, in temperature light and humidity controlled Seed Germinator. 

Effect of different quality of light' : 

To study the effect of different quality of light the petridishes were kept 

under different quality of light viz. Dark white, blue, and red light. Standard 

coloured cellophane papers were used to get the correspending colours of 

light. 

The data were recorded upto ·12th day from the date of placement of 

seeds for germination. 

. Effect of chemicals : 

Stock solution (1M) were prepared after dissolving gm. mol. wt. of each of 

the chemical used in 1000 ml of dist. water to observe their effect on seed 

germination. From the stock solution, 10-1M, 10-3M, 1 0-75M, and 1o-7M were 

prepared after dilution. Following chemicals were used for this purpose. 

Growth hormones : IAA, GA, ABA, NAA, Kinetin. 

Vitamins : Ascorbic acid, Nicotinic acid, Pantothenic acid, Riboflavine, 

Thiamine, Pyridoxine hydrochloride and Biotin. 

Phenoxy acetic acid : Phenoxy ·acetic acid, p-chlorophenoxy acetic acid, 2,4-

Dichlorophenoxy acetic acid, 3,4-Dichlorophenoxy acetic ac.id, 2,4,5-

Trichlorophenoxy acetic acid and 2,4,6-Trichlorophenoxy acetic acid. 
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Fig. 21. Effect of Kinetin on germination of seeds of Cymbopogon 
pendulus (Nees ex Steudel) W. Watson. 
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pendulus (Nees ex Steudel) W. Watson. 

Fig. 29. Effect of Ascorbic acid on germination of seeds of Cymbopogon 
pendu/us (Nees ex Steudel) W. Watson. 
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Fig. 30. Effect of Biotin on germination of seeds of Cymbopogon pendulus 
(Nees ex Steudel) W. Watson. 

Fig. 31. Effect of Phenoxy acetic acid on germination of seeds of 
Cymbopogon pendu/us (Nees ex Steudel) W. Watson. 
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Fig. 33. Effect of 3, 4-Dichlorophenoxy acetic acid on germination of 
seeds of Cymbopogon pendu/us (Nees ex Steudel) W. Watson. 
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Fig. 35. Effect of2, 4, 5-Trichlorophyerioxy acetic acid on germination of 
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Fig. 38. Effect of 0-Fructose on germination of seeds of Cymbopogon 
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Fig. 39. Effect of D-Mannose on germination of seeds of Cymbopogon 
pendulus (Nees ex Steudel) W. Watson. 

Fig. 40. Effect of D-Giucose on germination of seeds of Cymbopogon 
pendulus (Nees ex Steudel) W. Watson. 
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Fig. 42. Effect of Maltose on germination of seeds of Cymbopogon 
pendu/us (Nees ex Steudel) W. Watson. 

Fig. 43. Effect of Sucrose on germination of seeds of Cymbopogon 
pe.ndulus (Nees ex Steudel) W. Watson. 
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Fig. 45. Effeet of CuCI2 on germination of seeds of Cymbopogon 
pendulus (Nees ex Steudel) W. Watson. 
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Fig. 54. Seeds of Cymbopogon pendulus (Nees ex Steudel) W. Watson. 
[1] Husked seeds without glumes [2] Husky seeds with glumes. 
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Sugars: D-Giucose, D-Fructose, D-Xyllose, D-Mannose, D-Galactose, Maltose 

and Sucrose. 

Micronutrients : CoC12• BoC13. CuC12. ZnC12• MnCI2 ,and NiCI2 . 

Heavy metals : CdCI2 PbCI2 and HgCI2 . 

Treatment of seeed with the chemicals involved : 

Seeds were soaked in each of the freshly prepared solutions of above 

chemicals overnight. Treated seeds were washed in distilled water and were 

placed at 22°C ± 1 °C for germination. Seeds along with distilled water only 

served as control. 

,Statistical analysis : Statistical analysis on the data was performed in 

collaboration with the Department of Comput~r Science Centre, North Bengal 

University, following the method proposed by Goon et al, (1978). 

-RESUL T.S : Observational results have been tepresented in- Fig-. 17-55. 
. . 

SECTION-' 8 : EFFECT OF N, P AND K ON SEED GERMINATION AND 

.. SEEDLING GROWTH OF C. pen.durus (Nees ex Steudel) W. Watson. 

MATERIALS AND METHODS : 

· Materials : The seeds of local strain of C. pendulus (Nees ex Steudel) 

W. Watson were collected from the fully matured plants growing in the 
. ' . 

North Bengal University campus in November- December. 

Healthy seedling of the same plant of 20 ems in height were obtained 

from the experimental garden, Department of Botany, Centre for Life 

Sciences, North Bengal University. 

Methods: 

Preparation of culture solution of N, P and K in different combinations 

(P~madasa, 1981 ). 

The following nine sets of nutrient solution were prepar~d follwoing 

[89] 
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Peniadasa (1981}. These are complete nutrient solution, complete minus 

nitrate (-N), compl,ete minus phosphate (-P), complete minus potassium 

(-K), complete solution Jacking nitrate and phosphate (-NP), complete 

solution lacking nitrate and potassium (-NK), complete solution lacking 

potassium and phosphate (-PK), complete solution lacking nitrogen, 

phosphate and potassium (-NPK) and a control represents distilled water 

only (W). 

The composition of different culture solutions have been represented 

in Table No. 10. 

Germination ·of seeds : 

Seeds were soaked with distilled water in a beaker for a period of 

one hour, 1 00 seeds were taken in each lot. The soaked seeds were then 

kept separately in the petridish containing absorbent cotton pad soaked 

with corresponding nutrient solutions in different combinations. Petridishes 

containing seeds were placed in light. '--

. The data of germination was recorded upto 10 days at an interval of 

2 days._ Soaking of" cotton pad was maintained_ after addition of 

corresponding nutrient solution. Total number of seeds germinated were 

counted after observing the comming out of the radicals. Each value 

represents the mean of three replicas. 

Propagation and maintainance of seedlings : 

Seedlings were planted in each earthern tub containing neutral sand 

(pH-7) with perforated base. The seedlings were allowed to establish 

themselves for 2 weeks. After two weeks, each of different culture solutions 

( 1 OOml} was applied twice in a week. Watering was performed four times 

in a week after addition of distilled water. Observation on growth 

performances of the seedling with special interest on height, number of 

·tillers 1 plant and number of leaf I plant were recorded every 15 days 

interval of time upto the age of the seedling of 150 days. 

f90] 
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Table -10 

Composition (major nutrients) in differ~n~ culture solutions (gl-1
) ; the connectrations of~, P and K (P/emadasa, 1981} 

Chemicals Complete -N -P -K - NP -NK -PK - NPK 

KNO_ 0.20 - 0.20 
j 

C:: (N0)
2
, anhydrous '0.48 - 0.48 0.48 - - 0_,48 

NaHl04• 2H20 0.32 0.32 - 0.32 - 0.32 

MgS04_7H20 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 
,......, 
\0 - CaC12.6H20 0.44 0.44 0.44 0.44 .__. - - - -

KCI - 0.15 - - 0.15 

NaCI - - 0.12 - 0.12 - - 0.12 

NaN03 
- - - 0.17 - - 0.17 

rl ' 
-·~' 



SECTION-C : ISOLATION, PURIFICATION AND CHARACTERISATION 

OF CHEMICAL INHIBITOR CAUSING DORMANCY OF SEEDS OF 

C. pendu/us (Nees ex Steudel) W. Watson. 

MATERIALS AND METHODS : 

Materials : Husked seeds of C. pendu/us (Nees ex Steudel) W. Watson. 

Methods: Separation of husks from seeds 

Husky seeds of C. pendu/us (Nees. ex Steudel) W. Watson was 

taken in a closed container of an electrically operated mixer. The mixer 

was run for 1 0 seconds and lightly crushed material was taken out and 

subjected to fanning to separate scaly husk from the seeds. 

[92] 
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Table -12 

-~~-

Rf. values, colour behaviour of phenolic compound isolated from husks of seeds of 
C. pendu/us (Nees ex. Steudel) W. Watson. 

' 

Test material Rf. values in solvent mixture 

n-Butanol : Acetic acid : 
Water (4:1 :1, v/v/v) 

Phenolic compound 0. 77 
isolated from husks of seeds 

Authentic coumarin 0.77 

Benzene : Acetic acid : 
Water (6:7:3, v/v/v) 
upper phase 

0.90 

0.90 

uv 

Deep violet 
with blue 
fluorescence 

Deep violet 
with blue 
fluorescence 

Colour 

uv 
after spraying 

2 N (NaOHr 
' 

Yellow 
· green with 

uv 
After spr9ying 
alcoholic KOH 

Brilliant 
blue. 

blue fluorescence 

Yellow green Brilliant 
with blue . blue. 
fluorescence 

·~: 
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Chemical extraction of isolated husks of seeds : 

100 gms of husks of seeds were subjected to soxhlet extraction with 

petroleum ether followed by methanol. The defalted methanolic fraction 

was evaporated to dryness under reduced pressure and was treated with 

solvent ether to produce ether soluble and ether insoluble methanolic 

fraction. The ether soluble methaholic fraction was separated into four 

sub-fractions such as : (a) Phenolic acid, (b) acidic, (c) basic and (d) 

neutral following the procedure as mentioned in the section A (Chapter-

11). The phenolic acid sub-fraction obtained after the treatment of ether 

soluble methanolic fraction with, 10% NaHC03 (w/v) was acidified and 

was subjected to solvent ether. The solvent ether phase was separated 

and concentrated to small volume. The concentrated ether soluble part 

was treated with anhydrous sodium sulphate and kept in refrigerator for 

one day when solid mass was obtained. It was filtered and the solid mass 

was dissolved in methanol. Chloroform was added dropwise and colloidal 

solution was formed. This was kept in refrigerator for one day when pure 

crystals were obtained. 

Determination of melting point of the~ isolated chemical : 

The melting point of the crystal obtained was determined with the 

help of melting point determinat?r. 

Paper chromatography of the isolated chemical : 

The solid residue was dissolved in minimum volume of methanol 

and applied on Whatman No.3 filter paper for chromatography. The solvent 

system used for chromatography were ( 1) n-butanol : acetic acid : water, 

4:1:1, (v/v/v/); (2) benzene : acetic acid :water, 6:7:3, (v/v/v), upper phase. 

Rfs. of the isolated chemical in different solvent mixtures were determined.· 

Chemical tests : 

Different sprays used for detection and characterisation of materials 

on chromatogram were (i) 2N (NaOH), (ii) 1% alumium chloride, (iii) 1% 

ethanolic ferric chloride, (iv) ethanolic potassium hydroxide. 

[93] 
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Observation of _chromatogram under UV light : 

The developed spots of isolated product after running in solvent 

mixturers, were observed under UV light and colour of the spot" was 

marked.The colour of the developing spot was also noted under UV light 

after spraying with 2N(NaOH) and alcoholic KOH. 

Determination of IR spectrum : 

·IR spectrum of the natural product was determined in mujol (Hilger 

& Walts). 

RESULTS: 

Petroleum ·ether and methanolic fractions and their sub-fractions 

· obtained after soxhlet extraction of husks of seeds of C. pendu/us (Nees 

ex Steudel) W. Watson -did not show any appreciable amount of solid 

residue excepting the phenolic acid sub-fraction of ether soluble methanolic 

fraction which showed the presence of 50 mg of solid residue. The solid 

mass was dissolved in hot methanoL In hot condition drops of chloroform 

were added,crystals started appearing. It has kept overnight in the 

refrigerator and was filtered. After drying, the melting point was determined 

to be 68-70°C. 

This is soluble in methanol and petrolum ether. The isolated phenolic 

compound had characteristic smell and similar behaviour on paper 

chromatography with ·the authent!c coumarin (n-Butanol : acetic acid : 

water, 4:1:1 v/v/v, Rf. 0.77; benzene : acetic acid : water, 6:7:3, v/v/v, 

upper phase of Rf. 0.9). On exposure to UV light it developed a deep 

. violet colouration and blue fluorescence. The chromatogram showed 

photoactivated yellow green and blue fluorescence when irradiated with 

UV light after spraying with 2N (NaOH). With alcoholic KOH it gave a 
brilliant blue colour when exposed to UV light. 

TheIR spectrum showed characteristic peaks at 3030 (Aromatic CH), 

28~0. 1750, 1720 (C=O), 1700,1620, 1600, 1560, 1380, 1280, 1260, 1225, 
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c+-· ··, 

1180, 1150, 1120,_1100, 1000,950 and 920 cm-1 and which were 

. superimposable to those of authentic coumarin. 

RESULTS AND DISCUSSION 

Seeds can germinate within a varied range of temperature (Durand 

et a_l., 1976); Khokhlova, 1979; Srivastava and Grewal, 1978; Konar et al,· 

1978; Agarwal et al, 1980; Grey & Steckel, 1977). At a high and at a very 

low temperature, germination of all seeds is ceased (Mayer and Poljakoff

Mayber, 1978). Germination does not seems to be enhanced when 
\ 

exposed to a series of temperatures, but many seeds require some definite 

temperature before they are placed at favourable temperature for . 

· germination. 

Fig.·17 shows that the percentage of seed germination was maximum 

(90%) at the optimum tempe'rature of 22°C + 1°C. 

The experimental result well emphasises the aboundant growth of 

Cymbopogon pendulus at the'foot hill region upto a certain height of North 

Bengal, where an average temperature ranges around 22°C + 1°C. 

· . The importance of light as a factor for germination has already been 

reviewed (Giesler, 1883; Gassner, 1915; Lehman, 1913). It has got littl_e· 

effect to cultivated plants which germinate equally in dark and light (Leggatt, 

1946), but wild seeds generally germinate only in light or only in dark 

(Haiao, 1979). For the wild seeds, in natural· habitat, seeds fall off and 

enter the soil, or is covered by the leaflitter establishing different light 

conditions (Kinzel, 1926). This phenomenon also holds good in 

Cymbopogon pendulus (Nees ex Steudel) W. Watson growing in the 

region. In the subsequent year, specially at the onset of winter, when the 

soil is well exposed to sun, the seeds stored previously for one year in the 

soil as such, germinate within a very short time. In laboratory conditions, 

however, the effect of light has been performed on spectral bands (Fii.nt 

and McAllister, 1935, 1937) whereby light of low wavelengths has been 



found to have no effect. The red light has been found promoting 

germination (Fillippe and Litzens, 1980; Robert et al, 1979). The light 

effect is due to the presence of a· pigment, phytochrome, which transits 

from one form to the other (Malcoste et al, 1970). Normally this pigment 

(P) is found in two forms; Pr (red) and Pfr (far red). The absorption of light 

by the phytochromes and ,its effect on germination has been reviewed in 

detail (Black, 1967; Briggs and Rice, 1972). Light was supposed to affect 

germination interacting the external factors like temperature and the . 

internals like growth regulators and hormones contained in the seed (Black, 

1969). Normally, the percentage of seed germination of Cymbopogon 

pendulus (Nees ex Steudel) W. Watson in dark condition is very low (Fig. 

18). 

In connection with the effect of different quality oflight (Fig.18), red 

light has been noted to accelerate the percentage of germination in 

comparison to control (White) and blue light. The highest percentage of 

germination (89~00%) has been o~served under red light. 

Hormones enhance germination at certain optimum concentration 

(Deka and Das, 1978; Thomas et al, 1978;Daurte el al, 1979; Varga and 

·Stumpf, 1979; Sawhney et al, 1978; Van Standen et al, 1981; Batawa, 

1976; Grey and Steckel 1977; Dhillon and chowhan, 1978; Small et al, 

1980; Durand et al. 1976; Martinez and Martinez, 1979; Fillippe and 

Litzens, 1980). Gibberellic acid has been found to accelerate germination 

as observed by Lona (1956) and Kahn et al (1956), and later on, by Chen 

and Park (1973). It was also reported to substitute the inhibition of 

temperature :and red light (Evenari et al, 1958). 

The effect of Indole acetic acid on seed germination has been found 

to be concentration (Mayer et al, 1978) and temperature (Poljakoff-Mayber, 

1958) dependent in the process. Abscisic acid has been noted to paly a 
role in the germination (Albrecht et al, 1979). Kinetin is also found to 

enhance germination (Miller, 1958), where it is actively metabolished 
sensitising the seeds to light (Weiss, 1960}. Ethylene has been shown to 
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stimulate the germination of seeds through its dormancy breaking action 

(Mayer and Polijakoff-Mayber, 1978). 

IAA has been found to have both the stimulatory as well as the 

inhibitory activity in connection with seed germination in light. The lower 

concentration (1o-5M) showed increased percentqge of germination 

(98.88%) over control (80.00%) while 10-7M concentration showed an 

effect of inhibition (Fig. 19). The effect of IAA on germination has long 

been a matter of dispute (Mayer and Polijakoff-Mayber, 1978). Various 

· workers have investigated the effect of IAA on germination of a variety of 

seeds and obtained conflicting ~esults; stimulation and inhibition being 

obtained depending on the concentration of IAA and the type of the seed. 

At the optimum temperature of 22°C+ 1 °C, when the control showed 

80% of seeds to be germinated; all the concentration of GA have shown. 

to inhibit germination in light (Fig. 20) except the concentration of 1o-3M, 

which shows 91.00% seed germination. 

GA is well established to enhance germination of seed in a number 

of plants (Lana, 1956; Chen and Park, 1973). It is, in fact, found to reverse 

the inhibitory effect of light and dark '(Evenari et al., 1958; Phinney and 

West, 1960). 

Fig. 21, shows the effect of seed germination after kinetin treatment. 

When applied at 10-3M concentration, it showed maximum of 79.00% 

· germination as compared to control (80.00%). Kinetin has been observed 

to. become an inhibitory factor to the germination performance (Fig. 21 ). 

The study of Miller (1958) elucidates ~he promotion effect ofkinetin 

and which was due to the replacement of its furfuryl group by other (Mayer 

and Polijakoff-Mayber, 1978). According to earlier idea the kinetin. 

substituted for light during germination. It was, however, later shown that 

kinetin actually sensitized the seeds so that smaller dozes of light could 

induce their germination (Weiss, 1960). According to him, the seeds need 

not require a conditions dipping in kinetin solutions, as a few hours of 
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such treatment at a suitable period is sufficient to cause sensitization. 

According· to Raynold and Thompson (1973), the full expression of the 

stimulatory effect of kinetin depends on the. development of some factors 

in the seed immediately after illumination involving some direct or indirect 

effect on phytochrome system. 

Abscisic. acid has been found to have an inhibitory effect on seed 

germination at higher concentration. Fig .. 22, shows that 1 Q-3 M 
. .' 

concentration of ABA becomes inhibitory in activity (20%) over the control . 

(80%), while, at a rather low concentration (10-7M), it reaches the control 

value. 100% germination was noted at the concentration of 1 Q-5M. ABA is 

recognised as the most important germination inhibitor (Mayer and 

Polijakoff-Mayber, 1978). The presence of ABA has been reported in many 
\ . . . 

· seeds a·nd fruits (Addicot and Lyon, 1969; Mil borrow, 197 4). Exogenously 

applied ABA prevents germination of many seeds (Mayer and Polijakoff- · 

Mayber, 1978). In Cymbopogon pendulus, strong inhibition has been 

noticed at 1 Q-3M concentration in external application, might have produced 

the supra ·optimal level to show inhibition of seed germination. 

Nepthalene acetic acid showed an overall inhibitory effect on 

germination (Fig. 23). The higher concentration of NAA has shown the · 

most inhibitory effect (45% in 1 Q-3M solution). in comparison to control 

· (80%).The effect of NAA was noted to be inhibitory in function, specially 

in relation to the growth and development of the plant (Leopold and 

Guemsy, 1954; Chakraborti, 1954; _Rao, 1968; Chakravarty, 1968; Yamada 

et al. 1963). 

Growth regulators have regulatory action in plant and can substitute - ~ 

the effect of physical factors during germination. In cor:mection with the 

treatment of different vitamins on seed germination behaviour in 
C.pendulus, it has been noted that Pyridoxine hydrochloride (Fig. 24) 

showed stimulation of seed germination at all the concentrations (10-2M 

to 1o-5M) out of which 1o-2M solution showed 98.88% of seed germination · 

as .compared to control (80%). Similar observation was also noted in 
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connection with Nicotinic acid which showed maximum of (98%) 

germinati.on at 1o-4M (Fig. 25). Pantothenic acid and thiamine stimulated 

germination at the concentration of 1 0·4M showing maximum of 95.55% 

seed germination in each case (Fig. 26, 27). 10-4M concentration is.also 

effective in case of Riboflavine and Ascorbic acid showing maximum of 

90% (Fig. 28) and 88% (Fig. 29) of seed germination respectively as 

co~pared to control (80%). The experimental results indicate that 1.04 M 

concentration is the effective in Ascorbic acid, Nicotinic aci9, Pantothenic· 

acid, Riboflavine and Thiamine. Biotin showed stimulation of germination 

at 1 0·3M concentration showing 88.88% as compared to control (80%) 

(Fig. 30). 

In connection with the much deteriorated seeds all vitamins showed 

stimulation of seed germination. Stimulation of Nicotinic acid in the seed 

of wheat, barley, oat and corn suring germination has been shown by 

several workers (Burkholder and Mcveigh, 1942; Burkholder, 1943; Davis · 

· et al, 1943; Alvin, 1950). The result of Ghosh et al, (1963 a, b) demonstrated. 

that Nicotinic acid is stored in the cereals as niacinogen from which it is 

released by a hydrolysing enzyme during germination and is subsequently 

utilized for the synthesis of NAD. Yemm and Willis (1956) suggested that 

NADH made available from the reduction of NAD during glycolytic 

breakdown of sugar is utilised either in the synthesis of amino acid 

reductive amination of keto acids or in other amino acid to show inter 

conversions by transaminases. Also some of NADP and NADPH is greater 

in embryo which have a high synthetic activity than in storage tissue having 

low synthetic activity (Klingenberg and Bucher, 1960 ; Lowenstein, 1960). 

Seeds of different plants contain different quantities of vitamines. 

The quantity of these vitamins in seeds of plant from one and the same 

variety grown under different conditions also differ (Ovcharov, 1977). 

Therefore, it is understandable that under certain conditions seeds 

accumulate the quality of vitamins necessary for their germination while 

under other conditions the vitamin content become insufficient. 

. [99] 



Medir ( 19~4) first pointed out that significantly low qualities of vitamin 

and amide of Nicotinic acid occured in the non-germinable seeds of various 

plants, and according to Ovcharov (1977) vitamin content of seeds drops 

due to prolonged storage. Sulakadze et al., (1955) observed significantly 

increased percentage of germination by the treatment of seed with Nicotinic 
. . 

acid and Thiamine. Similar observation was recorded by Zakhar Yants et 
al, (1950). It has been demonstrated by Ovcharov and Kulieva (1968) 

that seeds of maize at different physiological stag~s of ripeness responded 

differently to an additional supply of biotin. Wheat seeds showed different 

germnation capacities in presence of 0.01% solution of ~scorbic acid and 

0.001% solution of glutamic aci,d led to increased synthesis of auxins 

(Skrabka, 1965). The germination of wheat seeds stored for 9 years was 

increased after soaking them in copper sulphate in a solution of glutamic 

acid or in a mixture of glutamic acid, ascorbic acid and copper sulphate 

for 14 hrs. Billi (1954) suggested that pyridoxine perticipates in the 

biosynthesis of the y-amino butyric acid that forms at the time of seed 

germination. With enrichment of seeds and seedlings with this v!tamin 

the metabolic process is normalised. 

Thus it is possible to conclude that seed of C. ·pendulus (Nees ex 

Steudel) W. Watson during storage suffers a deficiency in some vitamins 

and the timely supp_ly of requisite vitamins to such seeds intensifies 

metabolism and improves their germination. 

In connection with the effect of different types of phenoxy acetic acids 

it was found that with few exception, most of the. phenoxy acetic acids ar~

stimulatory in action, Highest percentage of seec;t germination (95%) each 

was noticed at 1 Q-7M concentration of phenoxy acetic acid (Fig .31) at 

1o-5M concentration of p-chlorophenoxy acetic acid (Fig. 32) and at 

1o-7M concentration of 3, 4-dichloro phenoxyacetic acid (Fig.33) i':l 

comparison to control (80%). 1o-5M and 10-7M concentration of 2,4-Dichloro 

phenoxy acetic acid (Fig. 34) and 10-3M of 2, 4, 5-Trichloro phenoxy acetic 

acid (Fig. 35) showed 90% of seed germination. No stimulatory activity 
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was noticed in 2,4,6-Trichloro phenoxy ace~ic acid (Fig. 36) at all the 

concentrations. · 

The effect of different types of phenoxy acetic acid on metabolism 

ingeneral has not been studied very extensively for a few cases. The 

compound most widely investigate has been 2,4-D. ·According to Mayer 

and Poljakoff-:Mayber (1978), 2, 4-D induces profound changes in the 

metabolism of treated plants. These occur in the metabolism of nitrogenous 

compounds, carbohydrates and to some extent respiration. Many enzymes 

· have been shown to be afftected to a greater or lesser extent by 2, 4-D. In 

germinating lettuce and wheat,, changes in carbon hydrate metabolism 

occurs after 24 hours of treatment. Respiration of wheat and lettuce 

. increased somewhat by 2, 4-D and this increase was accompanied by 

changes in respiratory quotient. 2, 4-D treatment actually increases the 

amount of enzymes which perticipate in the pentose cycle (Black and . 

·Humphreys, 1960). 

Sugars are one of the metabolic components which are used by the 

young embryo at the time of its resumption of growth at early period of 
. . 

germination as in the case of all growing tissues ·and cells. In connection . . . 

with the effect of various sugars on seed germination behaviour, majority 

. of the sugars were noted to have stimulatory in function. D-mannose (Fig. 

39) showed maximum of stimulation (1 00%) at. 1o-5M and 1o-7M 

concentrations as compared to control (80%). Maximurn of 95% stimulation 

was <;>bserved in connection with the effect of D-glucose (Fig. 40) _at the 

concentrations of 1o-3M and 1o-5M, 1o-5M concentration of D-xyllose (Fig. 

37). Maximum of 90% seed germination was noticed in D-fructose (Fig. 

38) at 10-3M concentration. Strong inhibitory action was noticed in D

galactose (Fig.-41) and maltose (Fig. 42) though sucrose showed slight 

stimulatory activity (85%) at the concentrations of 1 Q-3M and 1o-5M as 

compared to control (Fig. 43). 

Similar experiment was also conducted by Monhot (1989) who 

showed stimulation of seed germination of Acacia senegal in presence of 
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sugar such as sucrose,-glucose, fructose, maltose and galactose at 0.1% 

concentration. She also observed inhibition _of seed germination in 

Leucaena leucocephala where as in case of Parkinsonia aculeata there 

was initial stimulation but after wards inhibition was noted. 

Embryos that have completed organogenesis (mature embryos) but 

have failed to germinate in intact seeds under favourable germination 

condition~ presumably due to deterioration of inherent germination ability 

have been reported to germinate successfully in culture media specially 

in presence of sucrose"(Bhattacharjee and Sen-Mandi, 1985). Davis (1983) 

studied growth of excised embryonic axes on different sugars. He observed 

that growth of non-germinating embryos of pea when cultured aseptically 

in hormone free medium was· reported· to respond to different 

concentrations of sucrose in the medium. Recently Das and Sen- Mandi 

(1988) observed .that sucrose alone was enough to bring about root 

development in non-germinating deteriorated or aged wheat embryos. 

Out of different micronutients such as copper, mangemese(cobalt, 

· nic~el and boron, manganese stimulated significantly showing maximum· 

of 100% seed germination at the concentratration of 1o-5M (Fig. 44) as 

compared to control (80%) though copper, nickel, cobalt and boron showed 

maximum of98% at 10-7M cone. (Fig. 45), 95% at 10-3M (Fig. 46), 95% at 

1o-5M (Fig. 48) and 90% at the concentrations of 10-3 and 1o-5M (Fig. 47) 

respectively. Manganese, copper and nickel stimulated seed germination 

at all the concentrations where_, as. inhibitory activity in seed germination 

was noted in cobalt chloride, which was 65% at the ·concentration of1 o-7M 

(Fig. 48) as compared to control (80%). 

Manganese is activator for the enzymes catalyzing the various stages 

of respiration. It is also associated with enzymes involved in nitrogen 

metabolism (Shkolnik, 1984; Nason et al, 1954). The participation of 

manganese in the metabolism of auxins is of considerable interest (Cooil, 

1952; Thiman, 1956). Sabbakh (1973) concluded that Mn2+ play an 

important role in the mechanism of action of indole acetic acid related to 
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cell growth. Siegel and Galston (1955) have shown that manganese is 

essential for both the enzymatic and non-enzymatic breakdown of indole 

acetic acid in vitro. These ions stimulate the decarboxylation of indole 

acetic acid i.e., they stimulate IAA oxidase activity both in vivo and in vitro 

(Tomaszewski and Thiman, 1966). Since manganese c;an stimulate growth 

induced by napthyl acetic acid and 2,4-D, the authors believe that the 

general effect of this element on growth is not connected with its direct 

role in auxin metabolism. According to Vlasyuk et aiL (1973) manganese 

. deficiency leads to a loss of control over the differen~tion processes as a 

consequence of the suppression ~f certain regions of the. DNA. Bakardjieva 

and Jordanov (1967) studied the effect of manganese on the exidation of · 

ascorbic acid. Their results also indicated that free manganese ions can 

fulfil the funCtion of a peroxidase and thereby promote peroxidase 

dependent breakdown of indole acetic acid. 

Copper also plays a role in auxin metabolsim. Erkama (1950), and 

. Ostrovaskaya (1956) reported a diredt dependence of germination vigour. 

incereal and legume seeds on copper content. Ostrovaskaya ( 1956) found 

that copper deficiency could be alleviated by treating the seeds with indole 

acetic acid, which significantly enhanced germination of the copper 

deficient seeds. No such effect could be observed in seeds showing normal 

copper levels on treatment with copper salt solutions. A comparision of 

these findings with reports of the acceleration of germination in seeds 

having a high auxin content led Gamayunova (1965) to consider that 

copper is concerned in the metabolism of growth substances. Other 

investigator (Vanyugina, 1959) reported a positive correlation between 

the indole acetic acid content of plant tissues and the activity of copper 

enzyme, ascorbinate oxidase. Gamayunova (1965) found that the 
trytophan content was greatest in copper. enriched seeds during their 

germination. From this, she deduced that one of the functions of copper 

in seed germination was to play a part in processes leading to an 

enhancement of tryptophan synthesis, tryptophan being a precoursor of 

indole acetic acid. For the biosynthesis of ethylene from methionine, a 
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copper containing enzyme and 02 are essential. Ethylene rapidly inl;libits 

lateral auxin transport (Burg. 1973). The various physiological functions . 

of copper in plants are intimately associated with interactions that takes 

place between copper and other mineral nutrients (Shkolnik and-Makarova, 

1950). 

Cobalt ions· were found to promote the incorporation of amino acids 
. \ ' . 

into isolated ribosomes of peas and like divalent ions· 'of manganese, 

calcium, magnesium and cobalt positively influenced the interaction 

between aminoacyl, RNA and ribosomes (Harshko et a1 •. 1961). One of 

the important physiological functions of cobalt is its participation in. 
I 

res·piration and energy metabolism (Danilova, 1961; Yagodin, 1970). 

Evidence has been obtained on the inhibition by cobalt on ethylene 

synthesis at the point of conversion of methionine into ethylene (Abelles, 

1973). It can activate th~ synthesis of fatty acids and can affect the 

oxidation of keto· acids, unsaturated fatty acids .and organic acids 

(Shkolnik, 1984). 

Boron, which is not metal and unlike other metallic trace elements; . 

is not an 'enzyme activator and plays a highly specific role in plant life 

. processes on. account of its unique significance in phenol an.d lig~in 

metabolism and due to its influence on the state of membranes (Shkolnik, 

1984). According to various workers (Shkolnik and Kopmane, 1970a; 

Alekseyeva, 1971 )'boron deficiency is accompanied by a decrease in the 

content of var~s phospholipids. P~llard et al, (1977) suggested that, the 

specific activity of membrane components was regulated by boron, and· 

boron played a primary role on the control of membrane -permeability. 

Tanadam (1974) suggested that boron affected the membrane structure 

and probably the membrane components that are involved in phytochrome 

dependent shifts of membrane potentials. Boron has been found to 
stimulate the breaking of dormancy and germination of seeds (Metlitsky 

et al, 1972). They noticed that both the activity of ~-glycosidase and the 

amount of phenolic inhibitor decrease in seeds with the breaking of 
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dormancy. These workers also showed that the administration of boron, 

either alone or in comb~ nation with gibberellic acid, resulted in an increased 

RNA content and an increase in amylase activity in germinating seeds 

(Creswell and Nelson; 1973). Gibberellic acid alone produced similar but 

less pronounced effect. The positive effect of boron ·was not due to the 

biosynthesis of gibeerellic acid as suggested by Creswell and Nelson 

(1:973). 

Nickel is widely distributed in plant kingdom (Malyuga, 1946) and 

. has been considered as an essential nutrient for plants (Shkolnik, 1984). 

Nickel was found to stimulate amylase activity in barely (Correll and Boisio, 

1955). The elevated activity of inorganic acid phosphatase in ageing 

detached rice leaves decreases when the ·leaves are kept in a solution 

containing 237.7 ppm. nickel (Mishra et al. 1973). Mishra and Kar (1974) 

rep~rted that nickel control catalase activity in plants. According to Rubin· . 

and Chernav-ina (1970) nickel ·is associated with a dramatic increase in 

. activities of ascorbate and phenol oxidases. 

Though he.avy metals like cadmium, lead and mercury have been 

regarded as polutant and inhibitory to seed germination and seedling 

growth in a number of plants (Bazzaz et al, 1974; Mukherjee and 

· Mukherjee, 1979) but the Fig. (49, 50, 51) shows that they have the capacity 

to stimulate seed germination of C. pendulus at certain level of 

concentration. Maximum stimulation of seed germination of 95%, 95% 

·and 100% have been observed due to treatement of cadmium (10-7M, 

Fig. 49); lead (10-3M & 10-5M. Fig. 50) and mercury (10-7M, Fig. 51) 

respectively as compared to control (80%). Thus C. pendL/Ius shows 

tolerance to the heavy metals. This may be due to uptake of metal into 
cell wall and vacuoles through an intensive carrier transporting system 

and evolution of metal resistant enzyme and alternation of cellular 

metabolism (Nissen and Bensen, 1982), and needs further investigation .. 

Fig.52. reveals that maximum of 95% seed germination were observed 

in the month of December, when seeds were freshly collected. Viability of 
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seeds gradually decreases by increasing the span of storage and in 

the months of next October and November, It was found that the 

percentage of germination was totally nil. 

·. Storage involves changes in the internal biochemical function 

leading to existence of viability to nonviability and also non dormancy 

to dormancy of seeds. It has been reported that post harvest dormancy 

develops in the seeds of a number of grasses (Harrington, G.T. 1923; 

Mukherjee, A. 1967 and Raja Gopalan, 1976) as well as in other species 

of higher plants (Davis, 1930; Gupta, 1970 and Pal and Bangarayya, 

1960). Such a dormancy either·can remain for a prolonged period 

(Barton, 1961; Khan, 1966 and Sircar and Dey 1968) or for a limited 

duration. It has also been reported. by Gupta (1972) that conditions of 

· initial storage remove the primary dormant state of seeds completely 

but with furtherance of storage period, a state of secondary dormancy 

may be initiated. 

The Fig. 53 shows the effect of various combination of nutrient 

cultures on· seed germination of C. pendulus (Nees ex. Steudel) W. 

Watson in laboratory condition. It has been noted (Fig. 53) that (-P) 

culture shows maximum percentage (53.33%) of seed germination as 

compared to complete culture which yields 40% of seed germination. 

Culture (-K) shows a bit acceleration in germination (43.33%) than that 

of complete solution. Low percentage of seed germination has been 

noticed in (-NK) culture. Though (-PK) culture and (-NP) culture shows 

36.66% and 30% of seed germination respectively. Germination is 

trikingly minimum in (-NPK) culture, where precentage becomes 18.88% 

only. Thus it may be concluded that the presence of nitrogen in the 

· culture solution shows stimulation at the time of seed germination. This 

observation is very much similar to the result obtained earlier by 

Pemadasa (1981) in connection with the work on Chrysopogon 

zeylanicus. But no seed germination behaviour has been recorded in 

other cultivars or species of Cymbopogon. 
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The table- 11 shows that there are difference in growth performances 
·e.-

of C. pendulus (Nees ex. Steud~l) W. Watson due to tr~atment of different 
. -
culture solutions. The plant has been observed to show remarkable growth 

performance with reference to height of the plant. Maximum height (76cm) 

of the plant has been recorded in complete solution as compared~ to control 
·' 

(63cm) though different other solution like -P, -K and -PK shows 70cm, 

67cm, and 68cm respectively. The solution without nitrogen i.e.,-N (61cm), 

-NP (60cm), -NK (61 em) and -NPK (56cm) shows lower values. (Table-

11 ). 

In connection with the numper of tillers per plant, complete culture 

shows the highest record of 6 tiller per plant as compared to control value 

(3). In this respect -P culture produces 5 tillers per plant. Tillers in the 

-K(4), -NK(3) and -PK(4) are moderate in number but significantly better 

than those in the -N(2), -NK(2) and -NPK (1) cultures in which growth of 

. tillerings is uniformly poor (tabie - 11) 

Table - 11 also shows that maximum number of leaves· per plant in 

. complete solution is 9as compared to control 6 leaves per plant, thou,gh 

-P culture shows about 8 leaves per plant. In -K and -NP the moderate 

numbers are 7 and 6 respectively but in the -N(5), -NK(S) -PK(S) and 

-NPK(4) culture, the number of leaves per plant are poor. The result is 

very much similar with the earlier finding of Pemadasa (1981) in 

Chrysopogon zeylanicus. 

Thus it is observed that for showing good growth performance, 

seedlings of the plant like C. pendulus (Nees ex Steudel) W. Watson, the 

presence of nitrogen in culture solution is very essential. but why -P and 

-K culture solutions are very much stimulatory to growth and development 

of seedling of the plant is yet to be worked out. 

The Fig. 55 shows that husky seeds of C. pendu/us (Nees ex Steudel) 

W. Watson has a very low percentage of germination (28%) as compared 

to husked seeds showing. maximum of 1 00% of germination. It is evident 
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the~ore that presence of husk causes dormancy in seed germination and 

this is confirmed after isolation of phenolic inhibitor from the husks of the 
. . 

seed following phytochemical method. That the isolated product is 

coumarin like substance has been supported by similar behaviour in 

physical and chemical characteristics. Moreover, Th~ IR spectrum (Fig. 

_ 56) and chromatographic behaviour (Table-12) of the isolated product 

has been observed to be similar to those of authentic coumarin.The Fig.55 

also shows that maximum of 30% of seed germination has been observed 

due to inhibitory effect of the isolated phenolic compound identified as 

coumarin. 

. It is known for a long time that germination inhibitors are available in 

seeds and other parts of the plant. According to some authors germination 

inhibitors are often present in plants in natural habitats and these have 

important survival value unlike those of cultivated crop plants, which have 

_been selected for. rapid germination and for elemination of dormancy . 

mechanism (Went,1948; Went and Westergaard,1949; Koller, 1955a,b). 

Evenari (1949) in his review to classify the naturally occuring inhibitors 

mentioned coumarin as one of the potent germination inhibitor available 

in plants. 

The Coumarins are lactones of 0-hydroxy cinnamic acid (Robinson, 

1963). Various kinds of side chains may be present with isoprenoids being 

especially common. According to Varga (1957) as well as kores and Varga 

(1958) coumarin is one of the members of "Inhibitor Complex'' in various 

hig~er plants. Though the inhibitory activity of coumarin has been reported 

in various dictoyledonous plants, its occurrence and inhibitory activity in 

mono~otyledonous plants have been reported only by several workers. 

Schreiner and Reed (1908) first pointed out that coumarin was very 

inhibitory to the growth of wheat seedlings. Dey et al. (1968) showed that 

coumarin isolated from husks of seeds of rice had a very good role on 

nonviability of seeds. 

It was suggested that this compound interfered with the formation 
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and destruction of endogenous substances regarding germination. 

Guen~her (1972) pointed out that typical coumarin developed in grasses 

during drying process. According to Biswas and Mandai {1986) sterile 

glumes are important suppliers of assimilate for grain filling and that nutrient 

drainage is the primary cause of the monocarpic senescence in wheat. 

Roberts (1961) suggested that husk restricts outward diffusion of some 

volatile or gaseous inhibitor or inward diffusion of some gaseous substance 

leading to dormancy of seed. In this connection it may be mentioned that 

Indian Standards Institution, New Delhi published the list of Indian 

standards of natural and synthetic perfumery materials and coumarin is 
. I 

covered under IS:4271-1967. 

Though coumarin present in the husks of seeds of C. pendulus (Nees 

ex Steudel) W. Watson has been worked out to serve as germination 

inhibitor but the biochemical mechanism involved in connection with its· 

inhibitory activity is yet to be investigated. 

SUMMARY 

C. pendulus (Nees ex Steudel) W. Watson growing in Darjeeling district 

has been observed to yield viable· seeds. 

22+ 1 °C has been worked out to be the optimum temperatu~e showing 

maximum percentage of germination. Red light has been noted to 

accelerate seed germination as compared to blue and ·white (control) light. 

Husked seeds immediately after their harvest in the month of 

December shows maximum of 95.00% of seed germination and become 

deteriorated in course of time and attain non viability after 10 months. 

· Seeds haivng the capacity to show maximum of 80.00% of 

germination could be stimulated to 98.00-100.00% by the treatment of 

IAA(10-5M), ABA (10-5M), D-mannose (10-5M, 10-7M), Nicotinic acid 

(10-4M), Pyridoxine hydrochloride (10-2M), MnCI
2
{10-5M), CuCI

2
{10-7M) and 
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HgCI2 (1 a-7M). Similarly germination could be stimulated to 9a-95% by 

the treatment ·of. GA (1 a-3 M), phenoxyacetic acid (1 a-7M), p

chlorophenoxyacetic acid (1 a-5M), 2,_ 4, 5-trichlorophenoxyacetic acid 

(ta~3 M), 3,4 dichlorophenoxyacetic acid (1 a-7M), 2,4-dichlorophenoxyacetic· 

acid (1 a-7M), xyllose (1 a-5M), glucose (1 Q-3M and 1 a-5M), fructose (1 a-3M), 

pantothenic acid (1 a-4M), thiamine hydrochloride (1 a-4M), riboflavin (1 a-

2M), NiCI2 (1 a-3M),. CoCI2 (1 a-5M). CdCI2 (1 a-3M), PbCI2 (1 a-3 and 1 a-5M) 

and BoCI
3 

(1 a-3 and 1 a-5M). 

Galactose, maltose and napthalene acetic acid have been observed 

to show higher percentage of ge'rmination as compared to control. . 

Papery husk surrounding seeds influence the seed to cause 

. dormancy showing only 28% of seed germination as compared to 1 aa% 

as observed in husked seeds. 

After soxhlet extraction of husks of the seed, coumarin, a phenolic 

iphibitor has been isolated from· NaHC03 sub-fraction of ether soluble 

methanolic part. Identification has beeh ·performed after comparing 

physical and chemical properties, chromatographic behaviour and IR. 

spectrum of isolated product with those of authentic coumarin. 

In ·presence of isolated coumarin, the husked seeds show seed 

germination maximum of 3a% as compared to control value (1aa%). In 

·order to observe the effect of N, P and K on the seed germination and 

seedling growth, sand culture experiment has been conducted in presence 

of nine sets of nutrient s?lutions such a~ Complete NPK solution, 

(Complete- N), (-P), (-K), (-NP), (-NK), (-PK), (-NPK) and distilled water 

as control. 
' <1.-

-P culture shows maxmum percentage (53.33%) of seed germination 
. ~ 

as compared to complete culture which yields 4a%. Germination is · 
} 

strikingly minimum (18.88%) in -NPK culture. 

[110] 



. ..!J . 
·~ 

Maximum height (76cm) of the plant has been recorded in complete 

solution as cdmpE~red to control (63cm). Complete culture also shows the 

highest number (6) of tiller per plant as compared to contorl (3). 

Similarly, maximum number of leaves per plant (9) has been observed 

in complete soh,Jtion as compared to control (6). 
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Chapter- V 

EFFECT OF VARIATION OF SPACING ON THE GROWTH 

AND DEVELOPMENT OF Cymbopogon pendu/us {Nees ex 

Steudel) W. Watson IN DARJEELING CONDITION. 



INTRODUCTION 

Cymbopogon pendulus (Nees ex Steudel) W. Watson grows as a weed iri 

Darjeeling district o~ West Bengal. As the plants are t~!l and spreading and 

having with a number of tillers, it is neces·sar.y to select suitable spacing for 

growing the plants so that maximum number of tillers and herbage y~d could 

be possibile to be obtained at the time of harvest. 

It has been noted that various spacing has so far been taken into 

consideration spacially in connection with different commercial. species of . 
Cymbopogqn (Dimri et al, 1973; Ganguly, 1973; Bommegowda et al, 1983; 

Verma et al, 1984; Virmani et al, 1977) including Cymbopogon pendulus in 

Jammu Tawi condition (Singh et al, 1982). 

No report has so for been made to select suitable spacing for cultivation 

of C. pendu/us (Nees ex ·steudel) .W. Watson in the ecological condition of 

· Darjeeling district. As the plant has the potentiality to be utilised commercially 

i.n the region, the -determination of suitable spacing for its cultivation is ver.Y 

·much needed. This part·ofwork deals with the effect of variation of spacing on 

the growth and development of the plant. 

MATERIALS AND METHODS: 

Materials : Slips of C. pendu/us (Nees ex Steudel) W. Watson were obtained 

. by the splitting of individual clumps and they were multiplied by vegetative 

propagation in nursery beds of the Dept. of Botany, North Bengal University in 

Darjeeling district, West Bengal. Rooted slips were used for different 

exp_eriments. 

Methods: 

Experimental design : The plots were arranged in a randomized block design 

with three replications.- Three treatments of spacings were allocated at random 

in each replica. 
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Size of the plot : Each plot was 4m x 5m. 

Total number of plants: Ten plants were raised in each plot. 

Spacing : Three treatments of spacing were considered in between plant to 

plant and row to row. These are 75cm x 75cm, 60cm x 60 em and 50cmx 50 em. 

Years of experimentation : The experiment was repeated in two consecutive 

years 1995 and 1996. 

TransplantiiJg time : 30 days old rooted slips with an _average height of 20 em 

were transplanted to the experimental plot in the month of May. 
· . 

. Cultural practice: Weeding, aeration of soil _and watering were regularly done 

to keep the soil in moist conditions. 

The following characters were considered during the spacing trial of the 

plant. 

1. Plant height : The height of the plant w_as measured in centimeter scale 

from ground level to the top of the plant at the time ·of flowering. Each value of 

the plant height represents average of 1 0 replications. 

2. ·Number of tillers per plant : Number of tillers produced in each plant 

were counted. 

3. Number of leaves : Number of leaves on each of the tiller were counted. 

4. Developmental phases of the plant: Three developmental phases were 

distinguished on the basis of the following characters : 

(a) Vegetative : From early stage of vegetatively propagated slips to 

the stage before initiation of floral bud. 

(b) Pre-reproductive. : From the initiation of .floral bud upto the 

development stage of the plant bearing 70% buds and 30% flower. 

(c) Reproductive: Developmental stage of the plant bearing 20% bud, 

70% flower and 1 0% fruits were considered. 
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RESULTS: 

Table -13 

Effect of spacing on yield attributes in C. pendulus (Nees ex Steudel) 

W. Watson at the vegetative stage. 

Spacing 

75cm x 75cm 

60cmx60cm 

50cm x 50cm 

S.E. 
C.D. at5% 
C. D. at 1% 

Height of the Number of 
plant (em) tillers per 

plant 
95.20 10.20 

96.10 11.10 

99.30 13.50 

1.42 0.91 
1.73 1.38 
3.35 1.88 

Table -14 

Number of 
leaves per 
tiller 

6.00 
7.00 

9.50 

0.65 
1.17 
1.59 

Effect of spacing on yield attributes in C. pendulus (Nees ex Steudel) W.· 
Watson at the pre-reproductive stage. 

Spacing 

75cm x 75cm 

60cm x 60cm 
50cm x 50cm 

S.E. 
C.D. at5% 
C. D. at 1% 

Height of the 
plant (em) 

114.50 

120.00 
128.00 

3.04 
2.53 
3.44 

[114] 

Number of Number of 
tillers per leaves per 
plant tiller 

'13.50 6.34 
14.50 7.50 
15.80 8.89 

1.59 0.99 

' 1.83 1.44 
2.48 1.96 
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Table -15 

Effect of spacing on yield attributes in C. pendulus (Nees ex Steudel) W. 
Watson at the reproductive stage. 

Spacing 

?Scm x ?Scm 
60cm x 60cm 
SOcm x SOcm 

S.E. 
C.D. at 5% 

C.D. at 1% 

DISCUSSION : 

· Height of the 

pl.ant (em) 

136.SO 
140.00 
14S.80 

2.48 
2.29 
3.11 

Number of Number of 
tillers per leaves per 
plant tiller 

18.00 7.00 
19.00 7.80 
21.7S 8.90 

2.23 1.17 
2.17 1.57 
2.95 2.13 

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

performance of the grass. In order to select a suitable spacing for maximum 

performance of C. pendulus (Nees ex. Steudel) W. Watson in Darjeeling 
0 

conditi.[ls. trials have been made with three spacing, ?Scm x ?Scm, 60cni x 

60cm and SOcm x SOcm. 

. The height of the plants, number of tiller& per plant and number of leaves· 

per tiller have been obseved to show comparatively good growth at all the three 

stages of development i.e., vegetative, pre-reproductive and reproductive stage 

due to treatment of SOcm x SOcm than other treatments (Table- 13, 14, 1S). All 

the values for yield attributes have been reduced according to the increase of 

distance involved in spacing. 

In lemongrass, spacing of 30cm x 30 em to 60 em x 60cm has been 

reported by several workers. Singh et al, (1983) compared three spacings (30cm 

x 30cm, 45cm x 45cm and 60cm x 60cm~ and observed that closer type (30cm 
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_X 30cm) with 1,11,00 plants/ha is optimum for producing maximum herb and oil 

yield. Results over a period offive years in connection with spacing were obtained 

on C. pendu/us Wats cv. RRL -16, by Singh et. al, (1982). They showedthat 

narrow spacing in between plants ~nd row gave high yield of herb and oil. 

According to them, spacing between rows should be kept at SOcm, while plant 

distance might vary from 30 - SOcm. Sreedharan et al (1973) reported that 
e 

lemon grass gave the highest yield of grass and oil at a spacing of more clos~r¢ 

i.e., 15cm x 10cm. 

But in Darjeelirig condition the spreading of clumps are such that less 

than SOcm x SOcm spacing will not be suitable for working of farmers as too 

much narrow spacing offers little scope for mechanical work during harvesting 
-·· of leaves and for other purposes required durihg cultivation. 

12-

Cios~¢' spacing is sometimes supported by several authors according to 

the necessity of commercially utilised end products. of plants. According to 
' 

some cultivers (Gulati et al, 1977; Sarin et al, 1977) the spacing is dependent 

on the habit of the plant, times of harvesting and end products. But if the time of 

harvesting is within a short period, where the end product is leaf, the spacing 

may be reduced-. 

Spacing trials were also made by other authors in connection with 

_ cirtronella java and palmarosa. Spacing of 90cm x 60cm which accomodated 
- ' 

more than 12000 plants/ha was recorded to show maximum yield of Citronella 

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

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

60cm spacing (27000 plants/ha) was optimum for peninsular India. Experiments 

conducted at CIMAP, Regional Centre Bangalore, revealed a linear increase in 

both herb and oil yield due to increase in both herb and oil yeild due to increase 

in the level of plant population from 20,000 to 50,000/ha (Bommegowda et al, 

1983). Under Lucknow conditions maximum yield was recorded at 60cm x 

30cm spacing (Yadav et al, 1984). 

A wider spacing of 60cm x 60cm or 45cm x 45cm was recommended for 

palmarosa in North India (Virmani et al, 1977). However, a closer spacing of 
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Fig. 57. Spacing trial on Cymbopogon pendu/us (Nees ex Steudel) W. 
Watson in Darjeeling condition. 



40cm x 30cm or 30cm x 30cm" was found advantageous in Assam (Hazarika 

and Bora, 1977), Karnataka (Prakasa Rao et al, 1985), Delhi (Pareek et al,· 

1981 ), Kerala (Nair et al, 1980) and Punjab (Sarma et al, 1977) conditions. 

Thus out of previous observations related to the effect of spacing on growth 

of various species of Cymbopogon specially C. pendulus, it may be concluded 

that in order to get optimum yield of leaves, closure spacing is required. In this 

connection it may be stated that closure spacing may helps to retain moisture 

in the soil after the formation of continuous canopy formed by leaves of closure 

bushes of the clumps over the soil({:t'ft I 57) I 

According to Bordoloi (1982) hi_gher k~af yields of Cymbopogon are 

obtained in areas with well spreadout rainfall to a greater part of the year. It is 

also obse.rved that high level of atmospheric humidity is respons:ble for high 

yield of leaves in grasses. Besides, according to Singh et al (1982) C. pendulus 

require high soil moisture. Thus canopy of leaves formed by the closure bush 

may help to maintain humidity over the soil surface surrounding the basal region. 

of the bushes and also to help checking evaporation of water from the soil, 

specially during summer when scarcity of soil moisture is prevalent in Dar;eeling 

district. 

Thus in order to. obtain maximum yield of herbage and oil, a spacing 

distance of 50cm x 50cm may be considered during cultivation of C. pendulus 

(Nees ex Steudel) W. Watson in the ecological condition of Darjeeling district, 

West Bengal. 

SUMMARY 

Trial has been conducted in order to obtain suitable spacing for maximum 

growth and productivity of C. pendulus (Nees ex Steudel) W. Watson in 

Darjeeling plains of West Bengal. 

Three types of spacing 75cm x 75cm, 60cm x 60cm. and 50cm. x 50cm. 
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have been taken into consideration. In this connection, 10 plants were raised 

in each plot of size 4m x 5m. 

Height of the plant (99.30 em.), number of tillers per plant (13.50) and 

number of leaves per tiller (9.50) were observed to be the maximum at the . 

veg.etative stage of the plant due to 50cm. x 50cm. spadng as compared to 

minimum values 95.20cm., 10.20 and 6.00 respectively observed when 75cm . 

. x 75cm. spacing was considered. 

At the pre-reproductive stage, different values observed for height of the 

plant, number of tillers per plant and number of leaves per tiller are 128.00cm., 

15.80 and 8.89 respectively due to .50cm. x 50cm. spacing as compared to 

114.50cm., 13.50 and 6.34 respectively observed due to 75cm. x 75cm. spacing. 

Maximum values were still maintained at the reproductive stage as regards 

height of the plant (145.80cm.), number of tillers per plant (21.75) and number 

o_fleaves per tiller (8.90) in 50cm. x 50cm. spacing as compared to minimum 

. values of 136.50cm., 18.00 and 7.00 for rel5pective characters in 75cm; x 75cm . 

. spacing 
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Chapter- VI 

EFFECT OF FERTILIZER ON GROWTH AND DEVELOPMENT 

OF Cymbopogon pendu/us (Nees ex Steudel) W. Watson WITH 

SPECIAL EMPHASIS ON HERBAGE AND OIL YIELD IN 

. DARJEELING CONDITION 



INTRODUCTION 

India has vast resources of essential oil yielding plants but only a few of 

them have been systematically expl.oited. The different sp~cies of Cymbopogon 

(Family-Poaceae) are important aromatic plants which yield essential oils of 

great commercial importance. 

The· genus consists of more than one hundred species widely distributed· 

in tropical and subtropical countries, out of which 27 species are reported to 

occur in India. (Bar, 1960). Commercially growing species are C.nardus and C. 

winterianus yielding Ceylon and Java citronella oil respectively; C. flexuosus 
i~ . 

yei.lding lemongrass oil and C. martini Var. motia (Palmarosa) & sofia,(Ginger 

grass) yielding palmarosa oil. Hydrodistillation offresh herbage of these grasses 

produce essential oils having a wid~_range of aroma chemicals like citral in 

lemongrass; citronella! in citronella (Ceylon) and geraniol in palmorosa and 

gingergrass. All of these have wide application in flavouring of food, cc;>smatic 

. and pharmaceutical industries. In India,. total area under cultivatic;>~ of these 

aromatic grasses is about 30 - 40 thousand hectares, distributed· mainly in 

Assam, Kerala, Ma_dhya Pradesh, South Gujrat, Karnataka, Maharashtra, 

Andhra Pradesh, and Uttar Pradesh. 
' . 

· Besides·fulfilling the domestic requirement essential oils from these grasses 

ear!l a sizeable amount of foreign exchange through export. India produces· 

about 800 tonnes of lemongrass oil and about 500 tonnes of citronella oil. The 

·unique characteristics of these aromatic grases are that they have a wide 

adaptability to grow in different types of soils in different agroclimatic conditions 

- and cropping sequences. These grasses can withstand salinity and alkalinity 

to a higher level as compared to common agricultural crops. Futher, they have 

the potential to grow under agro-forestry, marginal land and culturable 

wastelands. 

Several works have been done in the cultivation and improvement of 

different perfume bearing plants under varying culturable conditions till the middle 
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of this century. But, no systematic studies have so far been made in the species 

C. pendu/us, growing as an obnoxious weed in North Bengal University campus. 

The present study reveals with the agrotechnology for improved cultivation of 

the plant with special reference to fertilizer treatment. 

MATERIALS AND METHODS: 

Materials : Slips of Cymbopogon pendu/us (Nees ex Steudel) W. Watson were 

multiplied in nursery beds in the Dept. of Botany,. North Bengal University. 

Methods : Experimental desi.gn :· The plots were arranged in a randomized 
~ 

block design (Fig. 58) with three replications. 

Size of the plot : Each plot size was 1m x 2.5m. 

Total number of plants : Ten· plants were raised in each plot. 

Spacing : The distance between plant to plant· and row to row was 50cm x 

50cm. 

Experimental year : The experiment was conducted in the year ·1995, 1996 

and 1997. 
. . 

. Transplanting time : 30 days old. seedlings with an average hei.ght of 20cm. 

were transplanted to the experimental plot in the month of May, of the respective 

years. 

Analysis of soil samples : The soil samples were collected following the 

procedure of Roy and Sreetharaman ( 197 4 ). Analysis of soil samples was done 

in collaboration with soil testing laboratory, Hindustan Fertilizer Limited, Siliguri, 

District Darjeeling. 

Fertilizers used: Urea, superphosphate and muriate of potash were applied 

as a source of N, P and K respectively. Three levels of N Le.,·o, 50 and 100 kg./ 
1V . . 

ha. were combied with three levels of P i.e., 0, 50 and 100 kg./ha. and three 
A 

·levels o(K, i.e., 0, 50 and 1 00 kg./ ha. 
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Application of fertilizer : (i) Entire dose of P, K. and 50% of total N were 

applied basally i.e., at the tirne of transplanting and (ii) the balanced 50% N 

was applied. after 30 days of the initial application. 

Cultural practices : Cultural operations like weeding, aerating the soil and 

controlled watering were regularly done at 1 0 days interVal. 

Time of harvest : Two harvest (August and November) during first year and 

three harvests (April, July/August aild October/November) from second and 

· third year were obtained from lemongrass. Fourth harvest was avoided as it 

was not economical. Harvesting of l,emongrass was done with the leaves of the 

· plant. The data of green herbage was calculated in tonnes/hectare/year 

accordingly. 

Studies on growth, development and essential oil content : 

The data on growth, development and essential oil content of the species 

C. pendu/us has been collected from vegetative to reproductive stage of three 

consecutive years on the following criteria. 

Height of the plant : Measurement of extension height of the plant was done 

at an interval of 15 days upto reproductive stage and data of each plant were 

collected separately and mean per plant calculated. 

Tiller formation : Data on tiller formation were collected by recording the number 

of tillers per bush formed at an interval of 15 days upto reproductive stage and 

data of each plant were collected separately to calculate average of the plant. 

Leaf formation : Number of leaves per tiller were collected separately at an 

interval of 15 days upto reproductive stage and data of each plant were collected 

separately to calculate average value. 

Fresh weight, dry weight and moisture content : Data were_ calculated 

according to the method of Gupta (1970) for shoot and root formed at harvesting 

time and average value for each of the criteria were calculated. 

Essential oil content : The extraction of essential oil was done by 'Hydro-
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distillation method' ofVon-Rochenberg described by Guenther (1949, 1972). 

Citral content in the essential oil of each treatment were analysed and confirmed 

by GLC. 

The different developmental phases were distinguished on the basis of 

presence of reproductive units as follows : 

a) Vegetative: From germination stage to before initiation of flowering 

r/1 bud. 

b) Pre-reproductive: From the initiation of flowering bud upto 

approximately 70% flowering buds and 30% flower. 

c) Reproductive : In this stage, 20% flo~ering bud, 70% flower and 

10% fruits were considered. · 

The fertilizers were used in the following combinations of nitrogen (N), 

phosphorus (P) and potassium(K). 

(1) N5o Po Ka: N50 kg./ha (without P and K). 

(2) N1oo Po Ka: N100 kg/ha (without P and K.) 

(3) No P5o Ka: P 50 kg/ha (without N and K.) 

(4) No·P1oo Ka: P 10~ kg/ha (without N and K) 

(5) No Po ~o: ~0 kg/ha (without N and P) 

(6) No Po K1oo: K100 kg/ha (without N and P) 

'(7) N5o p5o Ka: N50 kg and P 50 kg/ha (witho~t K) 

(8) N5o p1oo Ka: N50 kg and P 100 kg/ha (without K) 

(9) N1oo p 5o Ka: N100 kg ·and P 50 kg/ha (without K) 

(10) N1oo p 1oo Ka : N100 kg and P 100 kg/ha (without K) 

(11) Nso Po Kso: N50 kg and K50 kg/ha (without P) 

(12) N5o p o K1oo: N50 kg and K100 kg/ha (without P) 
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(13) N1oo p o K5o: N100 kg and K50 kg/ha (without P) 
l· . . 

(14) N.1oo p o K1oo : N100 kg:.and K100 kg/ha (without P) 

(15) No p 5o K5o P 50 kg and K50 kg/ha (without N) 

(16) No p5o K1oo P 50 kg and K100 kg/ha (without N) 

(17) No p1oo K5o P 100 kg and K50 kg/ha (without N) 

(18) No p1oo K1oo P 100 kg and K100 kg/ha (without N) 

(19) N5o p5o K5o N50 ,Kg, P 50 kg and ~o kg/ha together~ 

(20) N5op5o K1oo .· . N50 Kg, P 50 kg and K100 kg/ha together. 

(21) N5o P1oo ~o N50 Kg, P 100 kg and K50 kg/ha together. 

(22) N5o p 1oo K1oo . N50 Kg, P 100 kg and K100 kg/ha together. 
~ 

(23) N1oo p5o K5o N100 Kg, P50 kg and.~0 kg/ha together. 

(24) N1oo p 5o K1oo N100 Kg, P 50 kg and K100 kg/ha together. 

(25) N1oo p 1oo ~o. N10~ Kg, P 100 kg and K~~ kg/ha togeth-er. 

(26) N1oop 1oo K1oci N100 Kg, P 100 kg and K100 kg/ha together. 

(27) NOPO~. Control (without N, P and K). 

Where, . N = Nitrogen (Urea as source) 

P = Phosphorous (Single superphosphate as source) 

K= Potash (Muriate of potash as source) 
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RESULTS : Observational results have been represented in the following 

tables. 

'] Table -16 
4 
1 
j 

Effect of fertilizer on the height of C. pendu/us (Neese~ Steudel) W. Watson j 

at different phases of its developement. 

Treatments Height of the plant at different phases . 

--~----- Vegetative Pre-reproductive Reproductive 

Nsopo Ko 116.90 139.50 163.42 

N1oopo Ko 111.21 131.43 155.00 

NoPso Ka 103.00 120.00 151.00 

NoP1oo Ko 105.25 127.80 154.35 

No P.o-Ksa 95.00 100.00 120.00 

No Po K1oo 114.00 138.40 159.66 

Nsopso Ko 135.65 163.36 183.50 

Nso p1oo Ko 125.63 142.42 184.50 

N1oo pso Ko 102.50 125.83 146.70 

N1oo.P 1oo Ko 120.28 142.30 156.80 

N50PO K50 106.90 137.34 164.00 

N50PO K100 100.28 127.85 143.20 
-r-· N100PO K50 125.50 153.64 174.11 

N100PO K100 122.34 139.80 154.55 

NOP50 K50 100.28 126.50 153.33 

NOP50 K100 95.28 123.05 -140.00 

NOP100 K50 102.00 120.00 150.00 

No p1oo K1oo 110.00 135.50 159.35 

N~o pso Kso 112.70 130.50 169.20 

N50 p50 K100 128.00 150.00 160.00 

Nso p1oo Kso 132.00 150.00 170.00 

Nso p 1oo K1oo 117.28 135.50 154.00 

N1oopso K~o 130.20 157.40 176.80 

N1oo p so K1oo 135.20 155.20 185.60 

N1oo p 1oo Kso . 140.60 173.50 200.26 

N1oo p 1oo K1oo 130.00 150.00 170.00 

N
0 

P 0 K0 
(Control) 96.43 120.50 137.30 

S.E. 14.23 15.87 14.36 

C. D. at 5% 1.47 1.55 1.47 
~ c. D. at 1% 1.70 1.80 1.71 
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Table .;.17 
Effect of fertilizer on tiller formation I bush at different developmental 

phases of C. pendulus (Nees ex Steudel) W. Watson 

Treatments Number of tillers/bush at different develo'pmental phases 

Vegetative Pre-reproductive R~productive 

N5opo Ko 38.5o 42.20 47.63 
~ 

N1oopo Ko 37.00 . 40.00 50.00 

No p5o K~ 24.00 27.00 35.00 

NoP1oo Ko 26.50- '29.62 -·40.44 

NOPO K50 31-.32 41.50 46.90 

NOPO K100 12.40 18.36 20.00 

N5op5o Ko - 22,68 32.40 34.00 

N5op1oo Ko 19.63 24.54 .3~.69 

N1oop6o Ko 34.00 -42.00 44.00 

N.1oo p 100 Ko 36.20 44.40 56.60 

N50PO K50 18.50 20.22 29.60 

N50PO K100 31.18 40.90. 47.50_ .~: 
.. 

·' 

N-1oo Po K5o 22.50 40.20. . 45.60:. ... 
~- -.·N1oo Po K1~o 20.20 35.37 ... :c'41.50. 

_, 

NoP5o K5a· 13.42 23.65 27.80 

NOP50 K1oo· 13.20 . 16:40 22.50 

NOP100 K50 23.04 27.60 33.30 

NOP100 K100 14.65 18.32 23.50 

N5o P5o K5o 36.00 44.00 47.00 

N5o P 5o_ K1oo 38.40 45.20 50.00 

N5o P1oo K5o 39.00 46.00 51.00 

N5o p 1oo K1oo 38.00 44.00 48.00. 

N100 p50 K?O 37.89 40.00 42.00 

N1oo p 50· K1oo 38.95 42.80 44.00 

N1oo p 1oo K5a 38.80 41.50 43.00 

N1oo p 1oo K1oo 37.25 40.50 43.00 

N0 P 0 Ka· (Control) 11.68 15.50 18.65 

S.E. 11.01 11.83 11.24 

C. D. at5% 1.29 1.34 1.30 ....... r c. D. at 1% 1.50 1.55 1.52 
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Table -18 
Effect of fertilizer on production of leaves/tiller at different 

developmental phases of C. pendulus (Nees ex Steudel) W. Watson 

Treatments Number of leaves/tiller at different developmental phases 

Vegetative Pre-reproductive Reproductive 

Nso Po Ko 8.30 9.00 9.50 

N1oo Po Ko 8.1.2 9.50 15.00 
-·~- ..... 

No Pso Ko 5.32 7.60 8.40 

NoP1oo Ko 6.00 8.00 10.00 

NOPO K50 6.33 7.45 8.00 

NOPO K100 6.00 7.00 9.00 

Nsopso Ko 8.23 9.56 12.00 

Nso p1oo Ka 8.32 10.50 12.11 

N1oopso Ko 7.98 9.50 14.00 

N1oop1oo Ko 9.20 10.11 12.01 

Nsopo Kso. 6.6.0 8.65 11.00 

N50PO K100 8.50 9.00 10.20 

N100PO K50 9.03 11.00 12.60 

'~-1oci p o K1oo 5.90 6.72 9.80 
_ __,____ -N~P -K · 5.50 8.40 -9:30 --

0 50 50 

No~so K1oo 6.54 10.11 10.42 

NOP100 K50 :-5.00. '6.32 7.50 

No P 1oo K1oo . '6.60 9.20 12.00 

Nso ps~ Kso 8.00 9.50 12.00 

Nso Pso K1oo 8.50 9.10 10.20 

Nsop1oo Kso 9.20 11.50 13.00 

N5o P 1oo K1oo 9.00 10.12 11.50 

N1oopso Kso 8.00 9.50 13.00 

N1oo p so K1oo 8.40 9.50 11.64 

N1oo p 1oo Kso 8.43 9.50 10.20 

N1oo p 1oo K1oo 7.10 10.50 12.10 

N0 P 0 K0 (Control) 5.50 6.32 7.50 

S.E. 2.59 2~73 3.49 

C. D. at5% 0.63 0.64 0.73 

c. D. at 1% 0.72 0.74 0.80 

~ 
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Table -19 

Effect of fertilizer on biomass production/bush and moisture content in 
- _ the above ground part of C. pendu/us (Nees ex Steudel) W. Watson. 

Treatments Biomass in the above, ground part(shoot} of the bush of.the plant 

Fresh weight (gm) Dry weight (gm) Moisture 

content ( %) 

N50,PO Ka 1653.33 426.00 74.23 

N100PO Ka 1722.66 414.25 75.95 

No P50 Ka . 964.33 240.99 75.00 

NoP1oo Ko 882.33 215.17 75.61-. 

NOP~ K50 1426~00 299.09 79.02 

NOPO K100 . 1101.66 256.60 76.60 

N5o Pso-:1(-o-- ,,;_I 1249.33 309.00 ---75.-26- -
.. 

Nsop1oo Ko 1606.6-6 397~33 75.26 -

- N1oop6o Ko 2005.66 462.33 76.94 

N1ao p1oo Ko -1729:33 453.46 7377:-

N50PO K50 1558.66 372.33 76,11· 

N50PO K100· 1246.66 346.38 _72.21 

N100PO K50 1321.66 376.00 ·-71.55 

N100PO K100 . 2616~66 550.80 78.95 

NOP50 K50 847.33 - 195.66 76.91 

NOP50 K100 1928.00 471.45 .75.54 

NoP1oo Kso 1774.33 416.00 76.55 

NoP1oo K1oo 793.33 188.60 76.22 

Nsop5~ Kso 1723.66 358.89 79.17 

Nso p5o K1oo 1691.66 354.37 79.05 

Nso p1oo K5o 1677.66 431.35 74.21 

N5o p 1oo K1oo 1697.66 360.17 78.78 

N1oopso K5o 2180.00 519.24 76.18 

N1ao p so K1ao 2969.00 510.61 82.80 

N1o~p1oo K5o 1840.00 462.82 74.92 

N1oo p 1oo K1oo 1869.00 442.05 76.34 
( N0 P 0 K0 (Control) 1229.66 333.13 72;90 

S.E. 41.23 14.80 10.55 

c. D. at5% 2.50 1.49 1.27 

c. D. at 1% 2.91 1.71 1.47 
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Table- 20 

Effect of fertilizer on biomass production/bush and moisture content in 
the under ground part of C. pendulus (Nees ex Steudel) W. Watson. 

Treatments Biomass in the under ground part (root) of the bush of the plant 

Fresh weight (gm) Dry weight (gm) Moisture 

content ( %} 

N50PO ~ 376.33 95.00 74.76 

N1oopo Ko 390.00 120.00 69.23 

No P5o Ka . 179.33 86.00 . 52.4.0 

NOP100 ~ 121.00 40.33 66.66 

No ~a K5a 74.66 26.50 64.50 

NaPa K1ao 134.33 39.66 7.0.47 

N5op5a ~ 1'95.33 74.33 61.94 

N5o-p1oo Ko 373.33 93.33 75.00 

- N1oop5o Ka 247:00 89.66. 63.70· 

-~N1ciop1oo Ko 400.60 119.16 70:25· 

. - N50PO K50 ·256.00 94.00 -~3~28·. 
• ~ •: ·~. o·,:. 

. N~o Po K1_a~ . 234.~3 67.33 . ·,, - ::: 11:25:~ :-: . 

-N1-~~ p o K5o 351.33 . 124:16 64.66 

N1a.a p o K1oo - . 246.66 .... 87.33 64.59 

. NOP50 K50 . .-~173.33 67.33 . 61.15 

No p 5o_ K1oo · -:-224.33 70.00 68.74 
' ·NOP100 K50 253.33 91.33 63.94 

No p1oa K1aa 145.66 51.66 64.53 

.N5aP5a K5a 320.00- 98.00 69.37. -

N5o P5a K1oo 350.00 100.50 71.26 

N5a P1ao K5o 432.66 156.00 63.94 

N5a·P 1oo K1oa 340.95 110.20 67.60 

N1oo P5a K5o 357.00 145.66 69.15 

N1oo P5a K1ao 387.33 145.00 62.56 

N1oo p 100 K5o 490.00 145.33 70.34 

N1oo p 1ao K1oo 412.00 113.16 72.53 

N0 P 
0 

K
0 

(Control) 226.66 86.66 61.76 

S.E. 16.28 8.98 6.05 

C. D. at 5% 1.57 1.17 0.96 

C.D.at1% 1.83 1.36 1.11 
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Table- 21 

Effect of fertilizer on ann~al yield of green herbage in C. pendu/us (Nees 
ex Steudel) W. Watson. 

Treatments Herbage yield at different harvest in a year 

1st harvest 2nd harvest 3rd harvest Total herbage yield/ 
(tonnes/ha) (tonnes/ha) (tonnes/ha) year (tonnes/ha) 

~. Nsopo Ko 7.40 24.00 11.40 42.80 

N1oapa Ka 6.86 •19 . .20 14.60 40.66 

NoP5a Ka 5.66 13.80 9.80 29.26 

NaP1aa Ka 3.58 12.0"0 8.04 23.62 

NaPa K5a 6.20 14.00 11.28 31.48 

NaPa K1aa 5.86 15.40 9.60 30.86 

N5ap5o Ka 7.94 16.60 11.40 35.94 

Nsap1aa Ka 7.22 15.20 14.60 37.02 

N1aap5a Ka 7.48 17.80 15.32 40.60 

~1aap1oo Ko 10.42 27.40 21.28 59.10 

N5opo K~o 7.50 19.20 14.00 40:70 

Nso Po K1oo 7.92 22.60 15.76 46.28:-

N1oapo K50 9.68 19.92 13.40 43.00 
-~ 

N10apo K100 8.02 23.60 16.00 47.62 

NOP50 K50 -7.76 16.00 11.00 34.76 

NOP50 K100 7.94 19.12 10.20 37.26 

NaP1aa K50 6.26·- 21.40 12.80 40.46 

NoP1aa K1oo 6.14 20.00 12.80 38.94 

Nso Pso Kso 8.00 18.00 16.00 42.00 

· Nso p so K1oo 8.40 19.20 15.60 43.20 

N5op1oo Kso 9.52 21.12 16.00 46.64 

N5o p 1oo K1oo 8.80 21.52 16.64 46.96 

N1oo p 5o K5o 10.70 36.40 19.72 66.82 

N1oap5o K1ao 17.80 34.00 24.08 75.88 

N1oo p 1oo Kso 9.12 23.12 16.40 48.64 

N1oo~1oo K1oa 10.72 24.00 21.60 56.32 

N
0 
P 

0 
Ka (Control) 5.82 13.20 9.48 . 28.50 

S.E. 2.18 6.98 5.48 9.11 

~ 
C. D. at5% 0.58 1.03 0.91 1.17 

C.D.at1% 0.67 1.19 1.06 1.37 
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Table- 22 

Effect of fertilizer on annual oil yeild in C: pendulus (Nees ex Steudel) 

W. Watson. 

Treatments Oil yield at different harvest in the a year 

1st harvest 2nd harvest 3rd harvest Total oil yield/ 
(kg/ha) (kg/ha) (kg/ha) year (kg/ha) 

N5opo Ko 20.72 67.20 51.30 139.22 
~- N1oopo Ko 24.69 69.12 88.22 177.03 

No p5o Ko 18.11 48.30 66.64 133.05 

No P1oo Ko 11.46 42.0p 51.45 104.91 

NOPO K50 22.94 53.20 75.57 151.71 

No Po K1oo 23.44 61.60 54.72 139.76 

· N5op5o Ko 21.44 58.10 42.18 121.72 

N5op1oo Ko 22.38 48.64 75.92 146.94 

N1oop5o Ko 22.44 56.96 72.00 151.40 

N1oop1oo Ko 28.13 82.20 104.27 214.60 

N50PO K50 19.50 67.20 58.80 145.50 

N50PO K100 23.76 81.36 80.37 185.49 

N100PO K50 36.78 79.68 80.40 19~ .. ~6: 

-~ N100PO K100 . 25;66 75.52. 64.00· 165;·t8--

NOP50 K50 23.28 72.00 79.20 174.48 
-

NOP50 K100 .17.46" 59.27 74.94 124.67 .. 
No p1oo K5o 21.28 72.76 74.24 168.28 

No P1oo K1oo 15.96 64.00 58.88 138.84 

N5o p5o K5o 22.40 54.00 94.20 170.60 

N5o p5o K1oo 33.60 76.80 88.92 199.32 

N5o p1oo K5o 28.56 84.48 104.00 217,04 

N5o p 1oo K1oo 28.16 75.32 101.50 204.98 

N1oop5o K5o 27.82 112.84 114.37 255.03 

· N1oo P 5o K1oo 64.08 122.40 142.07 328.55 

N1oo p 100 K50 34.65 87.85 80.36 202.86 

N1oo p 1oo K1oo 33.23 84.00 114.48 231.71 

N0 P 
0 

K0 (Control) 17.47 39.60 34.12 91.19 

S.E. 7.65 11.15 11.59 14.03 

c. D. at5% 1.07 1.30 1.32 1.46 
~ C. D. at 1% 1.25 1.51 1.54 1.69 
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Table- 23 

. . 

Effect of fertilizer on percentage yeild of oil, a-citral, J3-citral and total 
citral content in leaves of C. pendu/us (Nees ex Steudel) W. Watson. 

Treatments Yield in leaves of the plant 

Oil(%) a-citral(%) p-citral(%) Total citral(%) 

~ N5opo Ko 0.40 .59.00 27.00 86.00 

N1oopo Ko 0.39 '58.66 26.34 85.00 

NOP50KO 0.35 54.36 29.64 84.00 
\ 

NoP1oo Ko 0.44. 57.66 24.34 82.00 

No Po K5o 0.38 58.90 28.00 87.00 

NOPO K100 0.42 58.48 27.52 86.00 

N5op5o Ko 0.47 56.00 26.00 82.00 

N5op1oo ~ 0.33 49.18 31.42 80.60 

N1oopso Ko 0.35 57.41 25.59 83.00 

N1oop1oo ~ 0.45 54.32' -29.68 84:00· 

N50PO K50 0.42 58.42 28.58 87.00 

N50PO K100 0.36 56.55 26.55 83.00 .. 
~- N100PO K50 0.38 55.31- '30;69 86:00-
'~=· N1oo Po K1oo 0,35 55.00 29.00 84.00 

NOP50 K50 0.46 . 55.76 24.24 80.00 

NOP50 K100 0.39 56.27 24.73 81.00 

No P1oo K5o 0.35 56.00 28.00 84.00 

NOP100 K100 0.34 56.52 26.48 83.00 

. N5op5o K5o 0.42 60.40 26.10 86.50 

N5o pso K1oo 0.46 58.50 27.50 86.00 

Nso p1oo K5o 0.49 ~8.19 28.31 86.50 

N5o p 1oo K1oo 0.35 48.83 34.17 83.00 

N1oo p so K5o 0.42 57.11 26.89 ' 84.00 

N1oo p 5o K1oo 0.43 57.69 26.31 84.00 

N1oo p 1oo K5o 0.43 54.56 33.44 88.00 

N1oop 1oo K1oo 0.46 53.29 29.41 82.70 

N
0 

P 0 K0 
(Control) 0.32 57.77 28.23 86.00 

S.E. 0.08 3.42 3.49 5.38. 
~ c. D. at 5% 0.11 0.72 0.73 0.90 

C.D.at1% 0.13 0.84 0.85 1.05 
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DISCUSSION . 

Analysis of soil sample of the experimental plot have been represented in 

Appendix-1. Soil fertility is a very variable factor. It varies from region to region 

and even from field to field. A generalised recommendatio,n of fertilizer based 

· on field trails does not take into account the variability in soil fertility and can 

not assume maximum returns from a crop only a fertilizer recommendation for 

the particular field on the basis of an assessment of the fertility status of soil in 

that field can assure maximum profit form fertilizer application (Roy and 

Seetharaman, 197 4) and for this reason, the soil samples have been analysed 

bef~re undergoing to the fertilizer application. Results of the analysis of soil. 

sample (Appendix-!) indicate that the soil is acidic, low iri available nitrogen, 

· medium low in available phosphorus and very low in potassium content. 

It has been ovserved, that the soil is sandy-loam in texture only at the 
(), 

surface .. .The lower stratajFT basically sandy with low water holding capacity. 

This is supported by observation of GovindaRajan and Gopala,-Rao (1978) 

who, worked_out in details the soil in the area which lies in the southern part of 

Terai region. According to them soils of the Terai which extends hi" ~r strip of · 

varying width at the foot of Darjeeling Himalayas in West Bengal and possess 

. · certain speCial characteristics of their own. They are formed by the downward 

movement of materials from the lower Himalayan ranges through soil erosion 

and deposition in a broad strip along the foot hill areas. The surface soil posses 

a sandy loam of silty loam texture with the alluviation of five fractions of the soil 

into the "8" horizon. The lower strata are formed of water worn rounded stones, 

gravels and sands. The layers makes the soils permeable to chemicals. The 

meteorological data (Appendix -II) also refelects that rainfall in the region prevails 

throughout the year excepting the winter months when Cymbopogon pendulus 

(Nees ex Steudel) W. Watson which grown wildly in the region enters into 

reproductive phase. Thus application of nitrogen, phosphorus and potassium 

(NPK) fertilizer is very essential to raise the fertility status of the soil. 

According to Yagodin (1984) most of the incroporated fertilizer nitrogen 

is lost from the soil in gaseous form (N
2 

and N
2
0) after denitrification. The 



Fig. 59 Fertilizer trial on Cymbopogon pendu/us (Nees ex Steudel) W. 
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gaseous nitrogen losses are more pronounced from nitrate as opposed to urea. 

Thus urea has been chosen ·as nitrogen fertilizer for this part of work(!=-i0. ~9). 

The effect of various treatments of N, P and K on C. pendulus (Nees ex 

Steudel) W. Watson have been represented in Table- 16 t? 23. The effect of N, 

P and Kin combination on the plant height of C. pendulus has been represented 

in Table-16. The height o~ the plant tias·been observed to be maximum in N
100 

P 
100 

K
50 

combination showing 140.60 em, 173.50cm and 200.26 em at vegit~tive 

prereproductive and reproductive phases respectively, while lowestvalues of 

· 95.00 em, 100.00 em and 120.00 em have been observed at the vegetative, 
. I 

pre-reproductive and reproductive phases respectively in cobination of N
0
P o~. 

The control values at vegetative, pre-reproductive and reproductive phases 

have been observed to become 96.43cm, 120.50cm and 137.30cm respectively. 

The table-16 also shows that nitrogen and phosphoru·s when present fn 

combination with higher does, increased values in plant height has been 

observed as compared to the combination of fertilizer where nitrogen and 

phosphorus are absent but potassium is present at higher does. 

Maximum numbers-of3~.oo, 46.00 and 51.00 tillers per bus_h.of..clums of 
C.pendulus (Nees ex Steudel) W. Watson have been observed at vegetative 

and pre-reproductive stages respectively due to treatment of N
50 

P 
100 

Kso but 

maximum number of tillers ( 56.60) has been observed in N100 P 100 ~combination 

as compared to control which shows only 11.68, 15.50 and 18.65 at vegetative, 

pre-reproductive and reproductive stages respectively (Table-17). The table 
. ~e . 

also shows that higher does of nitrogen and phosphorus in combination shows 
- -

better result. 

N50 P 100 ~o has been observed to yield maximum number of leaves I tiller 

9.20 and 11.50 at the vegetative and reproductive stages of the plant respectively 

(Ta~le-18) but maximum number of leaves per tiller (15) has been observed in 

N
100 

P 0~ combination. On the other hand control values show 5.50, 6.32 and 

7.50 at the vegetative, pre-reproductive· and reproductive stages of the pl~mt 

respectively (Table-18). 
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In connection with the production of biomass of above ground part per 

·individual bush, maximum of 2969.00 grn has been obsei"Ved (Table - 19) in 

N
100 

P 
50 

K100 combination, when dry weight and percentage of moisture have. 

been calculated to become 510.61 and 82.80% respectively, though maximum 

519.24kg of dry weight per bush has been observed due· to treatment of N
100 

P 
50 
~0 combination when fresh wieght and percentage of moisture become 

: 2180.00g and 76.18% respectively as compared :to control value of 1229.66g 

(fresh weight) 333.13g~ dry weight) and 72.90 (moisture content). On the other 

hand biomass of underground part per bush has been observed to show 

maximum of 490.0gm due to N100 P 100 K50 treatment when dry weight and 

percentage of moisture become 145.33gm and 70.34% respectively (Table-

20). Control value shows 226.66gm (fresh weight) 86.66gm (dry weight) and 

61.76% (moisture content). 

Table-21 shows maximum herbage yield of 75.88 tonnes I hal year due to 

treatment of N100 P50 K100_ This value represents the total of 17.80, 34.00 and 

24.08 tonnes /ha /year at the 1st, 2nd and 3rd harvest respectively (Table-21) 

as c;:omp_ared to control. which shows total a~nual production of28.50 tonnes l 

ha I year which includes 5.82, 13.20 and 9.48 tonnes/ ha at the 1st, 2nd and 

. 3rd harvest respectively (Table-21 ). 

·So far as the annual oil yield is concerned, maxium of 328.55kg I hal year 

has been observed due to N100 P50 K100 treatment (Table -22) and which is tbe 

total of 64.08, 122.40 and 142.07kg/ ha at the 1st, 2nd 3rd harvest respectively. 

Control value on the other hand shows total annual oil yield of 91.19 kg/ ha to 

include 17.47, 39.60 and 34.12kg/ ha at the 1st, 2nd and 3rd harvest respectively. 

· As regards percentage of oil yeild 0.49% has been observed due to 

treatment of N50 P 100 ~o as compared to control showing 0.32% (Table-23), 

though the total annual yield of oil has been recorded to the maximum due to 

treatment of N
100 

P 50 K100 but percentage yield of oil is only 0.43%. 

Percentage yield of citra! has been observed to become 88.00% due to 

tre~tment of N100 P 100 ~~with the corresponding a and ~-citra I of 54.56% and 
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33.44% respectively as against control showing 86.0% of total citral comprising · 

57.77% and 28.23% of a and ~-citral content (Table-23). 

Thus from the result i~ appears that higher doses of nitrogen and 

phosphorus have positive effect on the yield of vegetative growth of C. pendu/us 

(Nees ex Steudel) W. Watson in Darjeeling plains of West Bengal. All the growth 

parameters like height of the plant, number of tillers per bush, number of leaves. 

: per"tiller, dry weight, fresh weight of above and un·der ground part of the plant 

including annual herbage yield have been accelerated due to combination of 

high doses of nitrogen and phosphorus. 

According to Ganguly and Thyagarajan (1976) P and K appeared to 

influence till,ering but P and K had no effect on the yield of C. nandus (RRL-5), 

C. citratus (RRL-9) and C. pendu/us (RRL-16). Dutta (1974) suggested_that 

citronella was a nitrogen loving plant but application of mixed fertilizers was 

preferred. Chandra ( 1972) showed that-nitrogen and phosphorus in combination 

. produced higher number of tillers while potassium affected the st~nd of plants. 

Joachin and Pandittesekara (1953) reported that nitrogen alone did n_ot increase .. 

yields of C. winterianus. Manuring with NPK was the most effective in incre~sing 

yields of gras~. Dimri et al (1973) studied the need of fertilizers for increased 

production of herbage and oil. Though no attempt has so far been made on the 

NPK trial on C. pendulus (Nees ex Steudel). W. Watson but recommendation· 

for treatment with different doses of N, P and K on C. pendulus other than C . 

. pendulus (Nees ex Steudel) W. Watson is available. All these investigations 

have_ been carried out in ecological condition of other places in India but not in 

Darjeeling District, West BengaL 

GV 

Jammu lemongrass or RRL-16 (Cymbopogon pendulusWats) is-< result of 

investigation done on Cymbopogon species at RRL, Jammu (Atal and Bradu, 

1973). During investigation, Atal and Bradu (1976) used a basal dose of 100 kg 

N, 50kg P 
2
0

5 
and 50kg ~iha when they studied the comparison of herb and oil 

yield of the three lemon grass_es, viz., Cymbopogon nardus (RRL-5), C. citratus 

(RRL-9) and C. pendu/us (RRL-16). Singh et al (1976) showed that treatment 

with _360kg N/ha significantly increased the yield of herb and oil of Jammu lemon 
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grass (C. pendulus, RRL-16). The effect of phosphorus and potassium 

·incombination with similar dose of nitrogen (180kg/ ha) were more marked under 

the treatments of 180:60:120kg/ha and 190:80:160kg/ha of N:P:K in the 

production of herb and oil respectively. Duhan et al (1976) applied fertilizers at 

· the rate of 120 kg N, 60kgpand 40kg Kin C. pendulus and showed good growth ,... 

and yield of ~il in the plant. 

Nitrogen is one of the basic plant nutrients. It is effective to build into the 

body of all simple and conjugated protein that are major constituents of plant 

cell cytoplasm and forms part of nucelic acids, playing a vital role in metabolism. 
I 

of living organisms (Bidwell, 197 4). According to him grasses are also extremely 

responsive to nitrogen fertilizers. It increases appreciably the herbage yield 

and quality (Yagodin,1984). Effect of mineral nutrients on. growth of different 

·grasses in Srilan~a was studied by Pemadasa (1981) after the application of N, 

P and K. Accroding to him a progressive improvement in growth occured with 

increased concentrations of both nitrate and phosphate .. He suggested that 

leaf production was hindered at low concentrations of nitrate and leaf senescence 

was hastened. These effects became more pronounced with decreasing _ 
. . . 

concentra:tions of phosph:ate. Besides tillering was enhanced by· higher··. 

concentration of nitrate and also of phosphate. He showed that the increasing 

nitrate concentrations increased the total bi~mass of different grasses and further 

. improvement occurred with increasing phosphate concentration. Although the 

supplies of nitrogen and phosphorus both seemed to limit growth, the supply of 

potassium did not. 

There is no doubt that· phosphorus is a constituent of many· organic 

compounds of biological importance, without which plants can not survive. 

Synthetic processes such as biosynthesis of proteins, fats carbohydrates 

required large amount of energy and which is provided by so called high energy 

compounds produced by phosphorus. 

Out of fertilizer trial of N, P and K on C. pendu/us (Nees ex Steudel) W. 

Watson it appears that potassium has a beneficial effect on the yeild of oil in 

leaves of the plants. Table-22 shows that potassium when present at higher 
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dose in combination with nitrogen and phosphorus, yield of oil has been 

. observed to be improved in most of the treatments. The role of potassium on oil 

yield has not been reported earlier though number of factors or conditions 

responsible for improvement of oil yield have been pointed out by various 

workers. 

Ghosh and Chatterjee (1976, 1978) found that a gradual increase of 

essential oil content was noticed upto flowering stage in palmarosa. They also 

noticed that July transplanted plants gave maximum oil content in Lucknow 

condition. Gulati (1963) reported that the quality of oil was better at the flowering 

stage mainly that at late flowering s'tage. According to Narain and Das Gupta 

(1948) flower heads contained much greater amount -of oil as compared to 

leaves. Subba Rao et al ( 1948) indicated that heavy rainfall had beneficial effect 
' . ' 

on the yield of Palmarosa oil. Though a number of authors reported that ·N, P, K 

was effective· in increasing the essential oil content (Dutta and Paul, 1976; 

Hazarika·and Bora,1977; Mohanty and Misra J1963; Pillay,-1961) in different 

species of Cymbopogon but role of individual inorganic element on oil yield 

was not pointed out from biochemical point of view. 

According to Yagodin (1984) potassium is present in plants in an ionic 

form and is not a constituent of any organic compounds in cells. The potassium 

accumulating in chloroplasts and mi~rochondria, stabilizes their structure and 

. promotes formation of ATP in the processes of photosynthetic and oxidative 

phosphorylation. The effect of potassium is pronounced primarily so far as it 

intensifies the hydration of cytoplasmic colloids increasing degree of their 

dispersion which enables plants to better retention of water and withstand 

temporary droughts. It enhances cold endurance and winter hardiness of crops 

by virtue of increased osmotic pressure of the cell sap. Lack of potassium has· 

been found to slow down considerably the effect of photosynthetic products 

from leaves. ·According to Yagodin (1984) potassium is particularly effective on· 

sandy soil. It is also highly effective when applied in high rainfall regions to 

soddy podosolic loam (Russel, 1961 ). According to Yagodin (1984) potassium 

fertilizers are most effective when used in an optimal ratio to nitrogen and 
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phosphorus fertilizers. Chforine free potassium fertilizers should be applied to 

ess.ential oil crops otherwise quality may suffer seriously. 

Recently Sangwain et al (1993) carried out investigation on different 

species of Cymbopogon in the Central Institute of Medicinal and Aromatic plants, 

Lucknow and observed increased biosynthesis of essential oil when PEP 

carboxylase activity was induced to be increased with the manipulation of water 

potential of cell in C. pendulus, C. martini and C. fle~uosus. According to Bidwell 

(197 4) potassium is bound initially :to the enzyme pyruvate kinase which is 

. essential in respiration and carbohydrate metabolism. The PEP carboxylase 

a"nd pyruvate phosphate dikinase enzymes are effective in certain tropical 

· grasses that have high photosynthetic efficiency for having Hatch and Slack 

cycle characteristic for C 4 plants. Uptodate no report is available whether 

C. pendulus (Nees ex Steudel) W. Watsc;m is a C3 or C 
4 

plant. The increased 

production of essential oil may be due to increased activity of PEP carboxylase 

in Cymbopogons pecies and high requirement of potassium as observed in the 

present investigation to increase productivity of essential oii,C. pendulus (Nees 

ex steudel) W. Watson suggest the possibility of involvement of C 
4 

pathway · 

during essential oil biosynthesis in the plant. Further work is nee.ded in this line 

of investigation.· 

Guenther (1949) claimed that precursor of essential oil could be obtained 

through the degradation of carb~hy~rate and proteins .. According to Pridh~n 

(1967) certain compound like sugar and aminoacids are capable of being 

translocated to the site of essential oil synthesis and ultimately used during 

synthesis· of monoterpines. It is worth while to mention in this connection :that a 

close relation between the supply of "K'' and sugar formation has been reported 

by Amberge. (1954) and Habben (1972). 

Table -22 shows that the productivity of essential oil in the leaves at the 

third harvest during flowering condition of the plant in always remaining high as 

compared to those at the time of tst and 2nd harvest when the C. pendulus 

(Nees ex Steudel) W. Watson plants are at the growing stage. Thus senile· 

phase of the plant when growth rate records after the grand period of growth 
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may be considered to s~w the highest yield of essential oil in the plant. It is 

possible that during senile phase over all degradations of the metabolites in the 

plant is the source.of augmented accumulation of essential oil in the leaves of 

the plant. 

. The terpines are a diverse class of secondary metabolites that may be 

formally considered to be constructed from isoprene (2-methylbutadiene) units 

(Ruzicka, 1953). Several thousands terpines pccur in many genera of higher 

plants (Deron and Scolt, 1972). Recent books and reviews have dealt with the 

general aspects of biogenesis (luckner, 1972; Miller, 1973; Mann, 1978) of 

terpenoids in plants. 

Banthorpe and Charlwood (19BO) considered that mevalonic acid (MVA) 

was an obligatory intermediate in terpenoid biosynthesis, its role together with 

that' of the ·derived i~opentenyl pyrophoSpJlatef (iPP) and 3, 3-dimethylallyl . 

pyrophosphate (DMAPP) in terpine biosynthesis in general was rapidly explored 

(Clayton, 1 ~65) and the latter C5-phyrophosphates, taken in conjunction, were 

shown to be the biological equivalent of the isoprene building unit. Much recent. 

work has concerned the irreversible formation of MVA from its immediate 

precursor a step which is believed to be rate-limiting for the whole sequence_ 

(Dempsey, 1974; Rodwell et al, 1976). The present generally accepted .view 

(Ruzicka, 1953) is largely due to the IPP and DMAPP condense probably in a 

carbonium ion like· process (Poulter et al, 1976) to form geranyl pyrophosphate 

(FPP) and geranyl-geranyl. pyrophosphate (GGPP) that can all 9yclise and I or 

dimerise to give the whole family of terpines. The idea that these few simple 

acyclic compounds could act as the parents of all the subclasses is ge'nerally 

accepted as Biogenetic Isoprene Rule (Ruzicka, 1973). 

Several detailed studies of different enzyme involved at different steps to 

. the acyclic precursors have appeared. These are (1) an elegant investigation 

of MVA-kinase (Hill and Rogers, 197 4), (2) Studies on the feed back inhibition 
. . 

of this by GPP and FPP (Gray and Kekwick, 1972) and (3) determination of the 

variation in the activity of several enzymes of the terpenoid pathway (Green 

and baisted, 1972). The stereochemical details of the MVA ----t IPP-+ DMAPP 
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and of other conversions have been elucidated (Cornforth,- 1973). But the starting 

point of mevalolic acid path way is acetyi¢-CoA which is produced during 

carbohydrate metabolism. 

Thus terpenoids in this plants may be considered as a product of "high 

carbohydrate" rather than "high nitrogen" conditions. The response to fertilization 

is unusual and can be accounted for it carbohydrate supplies are ratelimiting in 

terpenoid biosynthesis. The concentrations ofterpines in C. pendu/us (Nees ex 

steudel) W. Watson leaves may remain quite constant over a range of levels of 

nitrogen fertilization with higher rates of leaf growth may be stimulated and 

which may lead to higher productivity of total. terpenoids per plant. 

SUMMARY 

The N, P, K fertilizer trial in C. pendulus (Nees ex Steudel) W. Watson has 

be.en conducted taking three doses, 0, 50 and 1 OOkg, of each of N, P and K per 

h~ctare in 27 different combinations including Control (N0 P 
0 
~) arranged in 

· randomised block design, each plot being 1m. x 2.5m. 

Fertilizer in combination of N, P and K has been applied in split doses one 

at the time of transplanting in May of seedlings of 30 days old and the other 

applied after 30 days of the initial application. Cultural operations like weeding, 

aerating the soil and watering are 'regularly done at 1 0 days interval. 

The height of the plant has been observed to become maximum due to 

treatment of N
100 

P100 K50 combination showing -140.60cm., 173. SO.Cm. and 

200.26cm at ·the vegetative,· pre-reproductive and reproductive stages of the 

plant respe~tively as compared to control values of 96.436cm., 120.50cm. and 

137.30cm. at the three stages of development of plant respectively. 
. . 

At the vegetative, pre-reproductive and reproductive stages of the plant, 
0 

the number of tillers I bush due to different c[_mbinations of N, P, K has been 

observed to be 39.00 (N50 P100 ~0), 46.00 (N50 P100 K50) and 56.60 (N100 P100 Ka> 
as compared to Control values 11.68, 15.50 and 18.65 at different stages 
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respectively and the maximum number of leaves I tiller are 9.20 (N
100 

P 
100 

~. 

N50 P 100 K50), 11.50 (N50 P 100 K50) and 15~.00 (N100 P 0 K0) with the control values 

5.50, 6.32 and 7.50 at the three stages respectively. 

Fresh weight of biomass in above ground part of the bush of the plarit has 

been observed to be maximum of 2969.00 gm. due to N
100 

P
50 

K
100

, though 

. maximum dry weight 550.80 gm. has been observed due to N
100 

P 
0 
K

100 
treatment 

-when moisture content becomes maximum of 82.80% due to N
100 

P 
50 

K
100

• The 

fresh and dry weight of biomass in control shows 1229.66gm. and 333.13 gm. 

respectively when the moisture content becomes 72.90%. 

Fresh weight of bioma~s in underground part of the bush of the plant to be 

maximum of 490.00gm and the maximum dry weight of 156.00 gm due due to 

N50 P 100 ~o has been observed when moisture content becomes maximum of 

7 4, 76% due to treatment of N50 P 0 ~- The fr~sh weigh~ and dry weight of biomass 

iri .control shows 226.66gm. and 86.66gm. respectively when the moisture· 

· content becomes 61.76%~ 

Total herbage yield after 1st, 2nd and 3rd. harvest has been estimated to 

become 75.88 tonnes I hal year due to N100 P50 K100 as compared to control 

(28.50 tonnes I hal year). 

· Maximum of total oil yield (328.55kg. _I hal year) estimated after three 

times of harvest of the plant in a year has been observed due to N
100 

P 
50 

K
100 

as 

ct;>mpared to control (91.19kg. I hal year) 

Maximum in average percentage yield of oil (0.49%) has b~en estimated 

due to effect of N50 P100 K50 as compared to control (0.32%). 

Total citra I content of 88% has been recorded due to effect of N100 P 100 ~o . . 

when the a and P-citral content become 54.56% and 33.44% respectively as 

compared to control showing percentage of total citra!, a and P-citral to become 

86.00%, 57.77% and 28.23% respectively, 

Highest yield of a-citra! (60.40%) and P-citral (34.17%) has been observed 

due to effect of N50 P 50 ~o and N50 P 1oo K100 respectively. 
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APPENDIX-I 

Fertility status of the soil of Experimental Plot in North Bengal University Campus, 

Darjeeling, West Bengal. 

Source of 

Soil/Place 

Texture Soil pH T.S.S. Org~C Total N C~N Av.P Av. K 

(m.mohs/cm . (%) (%) ratio (kg/ha) . (kg/ha) 

Experimental Sandy 5. 7(A) 0.13(N)" 0.31 (L) 0.19(L) 1.63 22.50(ML) 92.00 

(VL) Plot, N.B.U. Loam 

Campus 

(A)=Acidic; (N)= Nonnal; (ML)= Medium Low; (L)= Low; (VL)= Very Low. 

APPENDIX- II 

Meteorologi.cal Data, average of Three y~ars, 1995-1997 in North Bengal. 

University Campus condition. 

. ·Months Temp. Rainfall Relative Sunrise Sunset Total 
(Dq) (mm) humidity (a.m.) (p.m.) Sun hrs. 

(%) 

January '1690 10.40 37.00 6.45 5.00 10.15 

February 22.00 8.05 40.00 6.30 5.30 11.00 

.-March 26.00 28.09 35.00 6.10 5.50 11.40 

April 29.50 42.23 38.00 6.00 5.50 11.50 

May 32.00 115.11 50.00 6.00 6.10 12.10 

June 33.50 303.53 60.00 5.40 6.35 12.25 

·July 33.00 535.00 68.00 5.50 6.25 12.15 

August 30.00 427.05 78.00 6.15 6.15 12.00 

September 28.90 301.01 70.00 6.20 6.10 11.50 

October 28.50 100.15 62.00 6.25 6.00 11.35 

November 25.10 10.14 55.00 6.30 '5.45 11.15 

December 23.50 2.03 50.00 6.45 5.15 10.30 

Mean 27.41 156.90 53.58 6.09 5.74 11.40 
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EFFECT OF DIKEGULAC-SODIUM. ON SEED GERMINATION AND 

SEEDLING GROWTH OF TR/GONELLA FOENUM-GRAECUM L. 

WITH SPECIAL REFERENCE TO CERTAIN 

BIOCHEMICAL _PARAMETERS. 

S. B. MODAK, A. P. HATI & P.:K. BASU 

Pharmacognosy and Plant Physiology Laboratory, 
Department of Botany, Centre for Llfe Sciences, 

North Bengal University, DARJEELING-734430, West Bengal, India. 

ABSTRACT 

Higher concentration of Dikegulac-Sodium (Artino)) inhibits seed germinatiorr and 
seedling growth of Trigone/la foenum-graecum L. I_t also in):libits chorophyll biosynthesis 
in the cotyledonary leaves but opposite effect- has be~n noted ln connection with 
protein biosynthesis. 

.INTRODUCTION 

Dikegulac-sodium (Sodium 2, 3:4,6-di-0-
isopropylidene £-xylo-2-hexulofuranosate), a 
new growth regulator, is commonly known_ as 
ARTJNOL and. marketed by Dr.R. Maag Ltd., 
Switzerland. Due to its characteristic action 
on apical dominance, the compound is being 
used now-a-days by horticulturist~, arboril)_ts, 
highway maintainance and landscape cont
ractors (BOCION et. a/., 1975; SACHS et. al., 

· 1975) as well as in nurseries as pinching 
agent (DE SILVA e(. a/., 1976). 

An attempt has here been made to see 
the effect of the chemical on seed germina
tion behaviour and seedling growth of 

Trigonel/J joenum"graecum . L. with special 
emphasis on the biosynthesi.s of chlorophyll 
and protein. 

MATERIAL & METHODS 

Seeds of Trigonella foenum-graecum L. were 
soaked for three hours in distilled water (Control) 
or aqueous solutions of dikegulac, concentrations 
ranging between 0. lppm. to-1000 ppm. Three sets 
with three replicates of 20 seeds each were replicated 
twice. Germination was recorded daily for four 
days. 10 days old seedlings were used for studying 
growth and biochemical parameters. 

Chlorophyll was estimated from cotyledonary 
leaves by Du-6 Spectrophotometer by the n:ethod 
described by ARNQN (1949). Protein was also 
estimated from cotyledonary leaves by the method 
described by LOWRY et a/., (1951). Dry weight of 
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Table- I : Effect of Dikegulac on seed 'germination growth and other parameters of 

Trigonella foenum qraecum L. 

Dilkegulac Germination Seedling growth . Dry weight Moi~ture Chlorophyll %of protein 
concentra- % (em~) 

' 
(mgj5plants) · up take/5 content content (fresh 

tion (ppm.} ' Root Shoot plants(%) (mg-1) weight basis 

(Mea:n±SD) (Mean±'so) (Mean±SD) (Mean±SD) Mean±SD) Mean±SD) 

0* 100.0+0.00 6.98±0.26 5l~4± 1.24 40.0± 1.89 1585.00 ±4.47 9.70±0.26 6.00±0.16 - ' 
0.1 99.4± 1.20 6.76±0.62 4.80±0.49 38.0±2.28 1507.20 ± 11.03 9.24±0.28 0.90±0.28 

1 99.0± 1.26 5.86±0.18 4.42±0.33 40.0±0.81 129.5.76±12.05 8.28±0.29 7.83±0.20 

10 98.2±2.22 5.84± 1.23 4.58±0.28 37.0± 1.63 1039.60 ± 3.28 7.97±0.28 10.06±0.47 

100 99.0 ± '!.09 5.201+0.35 4.54±0 36 38.0±0.97 1097.20 ± 5.02 7.11±0.26 10.40±0.32 

500 89.2± 1.72 J.J8±0.25 4.04±0.10 36.0±0.40 10G7.30±7.30 . 5.98±0.29 !0.33±0.33 

1000 87.2± 1.72 .. ,0.90±0.16 3.90±0.51 40.0± 1.63 898.23 ± 2.40 5.77±0.24 12.33±0.38 
.. 

S. E .. 3.4.8 1.15 . 1.25 3.64 17.25 0.71 0.81' 

C. U. at 
1.53 0.88', 0·91 1.56 3.41 0.69 0.73 5% level ' -

(O*=Control) 
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seedlings was taken after drying then in an oven at 
soo C for a minimum period of 24 hours. Water up
take by the seedling was calculated by the formula 

(W1 - W2 ) X 1 ~~ where W1 = fresh weight of 
w2 

seedling and W2 =dry weight of seedling (BILL
INGS & DREW, 1938). All the results were stati

stically analysed. 

RESULTS & DISCUSSION-

At 1000 ppm concentration, dikegulac 
showed 87% of seed . germination, while at 
lower concentration (0.1 ppm) and in cont
rol, it showed 99 4% and 100% germination 
respectively. The germination' percentage 
remained aimost unaffected with increase of 
dikegulace concentration up to 100 ppm. 
This observations is very much similar with 
that made by earlier investigators (PuROHIT, 
1979; ~ ... -dTARCHARJEE & GuPTA, I985J. 
The radicle and hypocotyl length moisture 
uptake- and. chlorophyll biosynthesis were 
affected adversely. Inhibition appeared to be 
concentratin dependant being more pronoun
ced with higher concenst. ation of the 
chemical. Dry wei~ht accumulations was 
found not to be much effected by <liff.:rent 
concentrations of dike~ulac. (Table 1). 

Much . shrinkage of the cotyledonary 
leaves was observed _along with deposition 
of lignified tissue as revealed from anatomical 
preparation during the treatment with 
higher concentrations (500 ppm & IOOQppm) 
·as compared to that with lower concentra
tion, (o. lppm. & 1 ppm.) and the untreated 
ones. The quantitative estimation of lignin 
is yet to be worked out. 

It was observed that with higher conce
ntration of dikegulac, cotyledonary leaves 
appeared less green as compared to those of 
untreated ones. The protein content was 
noted to have increased with the increase of 
dikegulac concentration (Table-1). 

The inhibitory action of dikegulac on 
seedling growth and chlorophyll biosynthesis 
accompanied with the _increase of protein 
content (Table- I) is interesting. PuROHIT & 
CHANDRA (1980) suggested the possible mode 
of action of dikegulac as degradation/inhibi
tion of chlorophyll biosynthesis 'in leaves. 
According to them, dikegulac may act either 
by inhib.iting endogenous hormonal (GA, 
IAA · and Cytokinin) activity by .interacting 
with hormonal induced other growth regula
tory activities related to chlorophyll biosyn
thesis (ARZEE et al. 1977; BoCION & DE 
SILVA, 1976)or by suppressing RNA incorpo
ration in to_ plastid_ nucleic acid and its 
synthesis . (GRESSEL & COHEN, '1977) or by 
inhibiting GA dependent DNA biosynthesis 
whkh decrease protein content necessary for 
chlorophyll biosynthesis (ARZEE et. a/.,1917). 
As regards protein contents~ little informa
tion is avaliable in connection with the 
protein metabolism 'related to 
dikegulace action. Most of the authors are 
in favour of the view that protein cor. tent 
declines due to dikegulace activity (PuROHIT 
1979, CHEEMA et a/., 1975; BENGAD eta/., 
1979). BHATTACHARJEE (198~) noted decline 
of free amino acid in cotyledon of dikegulac 
pretreated seeds upto 72 -hours of seed 
germination, but a considerable increase in 
the later period of seedling growth. 
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Effect of Vitamins on Cuttings of Mentha arvensis Var piperescens Holmes 
with Emphasis on Biomass Production 

S. B. MODAK, A. P .. HATI, P. K. DUTTA AND P. K. BASU 
Pharmacognosy & Plant Physiology Laboratory, Department of Botany 

North Bengal Unil•ersity, Darjeeling 734430, India 
Abstract 

Effect of different vitamins on cutting propagation of Mentha arvensis var piperscens 
Holmes, an economically important plant of North Bengal was studied. Out of different vitamins 
thiamin (25 ppm) and a~corbic acid (100 ppm) were noted to maximum amount of total biomass, 
length of stem and total leaf area per cutting. Pantothanic acid was observed to show inhibitory 
effect on all the characters of plant. 

Mentha arvensis is economicalJy important 
plant to yield mentha oil of commerce (1). But 
according to some workers (2,3) this dm be 
well grown in the sub-Himalayan region _in 
India. Nandi et al. ( 4) studied the effect of 
photoperiod and gibberellic acid on active pri
nciple synthesis in Mentha citrata specially in 
the plains of West Bengal. But no attempt has 
so far been made to study Mentha arvensis var 
piperescens in the plains of North Bengal thou
gh the plant has successfully been grown-in 
terai region of UP· (3) and the plants of Pun
jab (1,5). During investigation it has been not-
ed that Mentha arvensis can be grown with su
ccess in the experimental plot of the Universi
ty of North Bengal. Here an attempt was nia
de to study the effect of several vitamins on 
the cutting of the plant for raising plants in the 
ecological condition of Darjelling district for 
their commercial utilization. 

(The authors are indebted to the Depart
ment of Enviornment and ICAR, New Delhi 
for financial assistance.) 

Methods 

Healthy plants of Mentha arvensis were se
.lected and decapitated during January in the 
experimental plot of North Bengal University. 
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Stem cuttings of 8 em in length were decapita
ted from the a;:>ical part and dipped in solut
ions of different vitamins separately for 24 
hours. Cuttings dipped in distilled water ser.
ved as control. 

After 24 hours, the cuttings were pianted 
in the propagating media which included leafy 
soil, coarse sand and red soil in the ratio of 
1 : 2: I, and were maintained in wooden pro
pagating boxes (47x47x 12 em) covered with 
poiythene (25p.m) tlO em above from the sur
face) to maintain the high level of moisture 
(90---;95%) of the enclosed enviornment. The 
experiments were conducted altogather for 19 
treatmenis and were replicated in the same 
propagating media. 

Results and Discussion 

In connection with the production of bio
mass per cutting (Table I), thiamin (25 ppm), 
riboflavin (100 ppm), and ascorbic acid (100 
ppm) were noted to yield 590, 561.60 and 
676.72 mg respectively .as_compared to that of 
control (355.18 mg). In this respect pantoth
anic acid (500 ppm) showed lowest amount of 
biomass (246.04 mg). Besides thiamin ( 100 
ppm), nicotinic acid (25-100 ppm) and ribo
flavin (25 ppm) showed moderate amount of 
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Table 1. Effect of vitamins on biomass production of Mentha arvensis. 

.No of leaves Length of Total biomass per Total leaf ;1rea per 
Concentra- per cutting stem (em) cutting (mg) cutting (em•) 

Treatment tion (ppm) (Mean±SD) (Mean±"SD) (Mean±SD) (Mean±SD) 

Thiamin 500 12.6±0.80 12.92±0.65 314.6±16.68 57.46± 6.06 
100 16.8±0.74 14.46± 1.11 413.0± 9.77 77.76± 5.35 
25 18.2±0.74 16.76±1.39 590:~± 13.04 98.70± 7.36 

Riboflavin 500 18.8±1.16 13.68±0.27 325.96± 14.69 67.66± 5.84 
100 17.0±0.63 15.12±0.60 561.60±10.44 .. 93.46± 6.69 

25 16.0±0.63 16.46±0.77 407.10±10.02 82.58± 4.20 
Pyridoxine 
hydrochloride 500 16.4±0.48 16.66±0.34 402.32± 9.54 78.84± 8.39 

100 16.0±0.89 15.84±0.34 377.18± 16.35 76.84±10.01 
25 15.6±0.48 13.66±0.44 360.94± 8.83 60.22± 4.66 

Pantothanic acid 500 15.4±0.48 9.18±0.60 246.04± 2.49 37.58± 3.16 
100 16.0±0.63 \ 10.86±0.73 315.40± 8.16 55.64± 5.68 
25 16.2±0.74 11.98±0.98 354.72± 8.79 61.78± 3.80 

Ascorbic acid · 500 15.0±0.63 13.80±0.36 360.90±16.85 68.54± 4.30 
100 18.8±0.74 15.90±0.80 676. 72± 1 O.Q3 108.46± 8.07 
25 16.4±0.48 13.92±0.70 <:28.14±10.09 97.66± 2.59 

Nicotinic acid . 500 16.6±0.89 15.52±0.52 309.50±17.82 54.13± 5.32 
100 15.6±1.62 16.76±0.68 430.80±20.48 73.34± 5.95 
25 16.2±1.35 16.36±0.47 443.40± 12.73 81.20± 2.81 

·Control 0 .15.2±0.74 11.68±0.58 3?5.18±15.97 64.58± 5.89 
SE 3.41 2.83 53.46 23.04 
CD at 5% 1.81 1.65 7.17 4.70 

biomass compared to ·control and these were .. de, nicotinic acid and riboflavin also to produ- . 
found to be significant statistically. Maximum ce'73.34 to· 93A6 _sq em. . 
~umber· of leaves per cutting was observed du·e In-: general, thiamin (25 ppm) and ascorbic 
to the effect of riboflavin (500 _ppm) to yield 18 acid (100 ppm) induced significant increase of 
leaves as compared to control (l5 leaves). As- all the parametersand may be utilized for large 
corbic acid (100 ppm) also stimulated leaf for- scale. production of cuttings in the ecological 

. mation (18 leaves). Stem was noted to attend condition. of North Bengal. Murty and Rao 
maximum length of 16.9 em due to the treat- (6) observed increased production of rice duri
ment Of riboflavin (25 ppm) as compared to ng foliar feeding of vitamin of vitamin c. 
control .(11.68 em). Thiamin, pyridoxine hy- The. mechanism of stimulatory activity in 
drochloride and nicotinic acid were also found relation-to the physiology of-various plants due 
to show significant ~timulation towards stem to vitamin application is not clear. Some re
elongation. garded vitamins to serve as co-factors of auxin 

Ascorbic acid. (100 ppm) was found to be during growth and development of cutting, ac
much.effective in the production of maximum cording to others ascorbic acid plays an im
.;,~.mounf of leaf area per cutting, (108.46 sq em) portant physiological role in plant growth and 
as compared to control (64.58 sq em) though differentiation and act as an electron donar in 
stimulatory activities were observed with the photophosphorylation (7-10). Evidently, the 
treatments of thiamin, pyridoxin hydrochlori- stimulatory activity on cuttings due to vitamins 
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can be utilized during commercial propaga
tion of the plant. 
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EFFECT OF EXOGENOUSLY APPLIED SUCROSE ON ROOTING OF ADHA
TODA VASICA NEES SHOOT CUTTINGS 

S.B. MODAK, A.P. HAn:N. BISWAS AND P.K. BASU 

Pharmacognosy Research Laboratory, Department of Botany, North Bengal Uni1•ersity, Darjeeling-734 430. 

Abstract 

In an approach to utilise Adhatoda vasica Nees yielding commercially important alkaloid V<L>icine and related compound, as a very good 

plant cover to check soil erosion in the region of Balasan catchment area of Darjecling District, chemic;! effect on stem cntting propagation has 

been conducted. 

Introduction 

During investigation in connection with Eco
development programme in Balasan catchment area of 
Darjeeling District it has been noted that Adhatoda 
vasica Nees can serve as a forth stratum of canopy 
development in the tropical rain forest biome in the 
region and it has the capacity to develop good plant 
cover on the slope of the hill to check soil erosion. 
Besides it has the capacity to be regenerated luxuriantly 
from the stem cutting propagation in nature during 
rainy season without the involvement of seed 
germination of the plant. It is therefore necessary to 
utilize the plant during large scale plantation in the 
region. Besides it is very necessary to conduct experi
mentation in connection with the effect of various 
chemicals on stem cutting propagation for their 
establishment in the-area. 

As the plant yields commercially important vasicine, 
vasicinone etc., which are medicinally important, the 
establishment of the plant in the area may boost up the 
agroforestry also. 

A pronounced effect of sucrose on extension growth 
of plant part other than Adhatoda vasica Nees was 
reported by several workers (Schneider, 1936; Galston 
and Hand, 194.9; Nitsch and Nitsch, 1956; Chinoy et 
al, 1959; Brian and Hemming, 1959; Maheshwari and 
Bhalla, 1964; Nanda and Kaur, 1968; Sen et al, 1965). 
But no report has so far been made in connection with 
the effect of sucrose on stein cutting of Adhatoda vasica 
Nees. 

Here attempt has been made to study the effect of 
exogenous supply of sucrose on the capacity of shoot 
cutting in the plant. 

Material and Methods 

Leafy twigs of Adhatoda va~ica Nees approximately 
similar size (15 em) were taken for this experiment and 
were treated as follows : 

1. Control : Cuttings (foliated and defoliated) were 
soaked in distilled water for 24 hours. 

2. Treatments: Foliated and defoliated cuttings were 
soaked in different concentrations (0.1 %, 1%, 10% and 
25%) of sucrose for 24 hours. 

Leaves of freshly collected cuttings were painted with 
(0.1 %, 1%, I 0% and 25%) sucrose solutions. 

All the cuttings ·were planted in propagating boxes 
which contained red soil, sand and cqwdu.ng in a ratio 
of l: l: I. For conducting painting experiments, different 
sucrose solutions were treated in all the leaf blade of the 
cuttings biweekly for 15 days. After 30 days number of 
roots/ cutting, length of roots/ cutting, fresh and dry 
weight of roots/ cutting and accumulation of dry maters 
were calculated which are given in the Table-1. 

Results and Discussion 

The result is very much confirmatory with the earlier 
observation of Bohra ( 1972, 1981 ), who conducted 
experiments on Ipomoea camea shoot cuttings. Though 
he noted that higher concentration of 25% sucrose 
increased the number of roots but in the present paper 
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the concentration of 1% has been noted to be optimum 
to produce maximum effect on shoot cuttings specially 
in connection with number of roots, length of roots, 
fresh weight, dry weight of roots and moisture content. 
In connection with defoliated expe_riment, the present 
observation also supports the earlier finding (Bohra, 
1981). From the Table-1, it appears. that percentage 
increase of dry weight value over control to be 
maximum at a concentration of 1% and 0.1% in all the 
treatments. From the Table- I, "it also appears that 25% 

sucrose when applied through the cut portion of the 
stem shows minimum number and length of roots. It 
may cause the change of the physiology of the shoot 
cuttings. When different concentration of sucrose were 
applied as painting to the leaf surface, the cuttings 
showed intermediary effect as compared to foliated 
and defoliated cuttings. Though Bohra (1980) observed 
the best effect of shoot cutting by the application of 
injection method i.e., feeding of sucrose through the 
petiole part only. From Table-1 it also appears that 

Table-1. Effect of exogenously applied sucrose on regeneration of adventitious root formation .in Adhatoda vasica 
cuttings. 

Treatments 

Foliated 

Defoliated 

Painted 

S.E. 

C.D. at 5% level 

Sucrose 

(cone. in %) 

25 

10 

.1 

0 

25 

10 

.l 

0 

25 

10 

.I 

0 

% of rooting on 

treated cutting 

100.0 ± 0.0 

100.0 ± 0.0 

100.0 ± 0.0 

100.0 ± 0.0 

100.0 ± 0.0 

31.66 ± 3.72 

34.00 ± 4.89 

.38.00 ± 4.00 

50.00 ± 0.00 

50.00 ± 6.32 

100.00 ± 0.0 

100.00 ± 0.0 

100.00 ± 0.0 

100.00 ± 0.0 

100.0 ± 0.0 

4.89 

1.17 

• Dry wt. value of foliated control is .. 130 g . 

... Dry wt. value of defoliated control is .007 g . 

••• Dry wt. value of painted control is .109 g. 

No. of roots/ 

cutting 

Mean ±S.D. 

25.20 ± 2.03 

30.00 ± 1.67 

38.60 ± 2.15 

35.80 ± 1.72 

30.20 ± 1.32 

5.20 ± 0.74 

4.80 ± 0.74 

!0.60 ± l.Ol 

10.20 ± 1.16 

9.20 ± 0.74 

26.20 ± 1.16 

31.40 ± 2.33 

33.60 ± 2.72 

38.00 ± '2.28 

27.20 ± 2.31 

6.40 

l.34 

Length of roots (em) 

Mean± S.D. 

7.26 ± 0.50 

9.56 ± 0.44 

10.46 ± 1.14 

10.46 ± 0.69 

8.12 ± 1.19 

3.84 ± 0.18 

3.50 ± 0.36 

5.64 ± 0.46 

5.42 ± 0.67 

4.66 ± 1.68 

6:64 ± 0.40 

8.42 ± 0.61 

10.46 ± 0.63 

9.82 ± 0.29 

7.84 ± 1.11 

2.41 

0.82 

% of increase 

(+) or decrease 

(-) of dry matter 

of roots over control. 

- 24.61 

- 15.38 

+52.30 

+19.23 

• 

- 3.66 

- 0.91 

+ 69.72 

+ 13.76 

•• 

- 14.28 

+14.28 

+57.14 

+71.42 .... 



EFFECT OF SUCROSE ON ROOTING OF ADHATODA 

maximum of 50% of rooting on stem ,cutting was 
observed due to the treatment of sucrose (0-0.·1 ppm) 
solution in defoliated condition as compared to I 00% 
rooting on stem cutting either in foliated or in painted 
condition_ 

Though pronounced effect of sucrose either alone 
(Bohra, I 972; I 980), or in combination with hormone 
(Galston & I:Iand, 1949; Nitsch & Nitsch, 1956; 
Chinoy et al, 1959; Brian & Hemming, 1959; 
Maheshwari & Bhalla, 1964; Nanda & Kaur, 1968) 
have been· noted earlier, but the mechanism of root 
formation is not well clear. Dewan & Nanda (19S1) 
had an attempt on this line and noted that root 
formation was appeared to be due to effect of nutrition 
in the cuttings. This was supported by exogenous 
sucrose application as well as treatment of light on the 
cuttings. Sadhu et aL (1978) are of the opinion that 
root promoting activity of auxin and phenolic was 
related to the utilization of carbohydrate fraction in the 
region of root f01:mation. This was also supported by 
Heid:! (1965). The earlier observation of Christiansen 
and Thimann (1950), who found no effect of sucrose on 
extension grov.1h of etiolated plant part was explained 
by Nanda and Kaur (1968) that endogenous food 
material in the plant parts was sufficiently at a high level 
and was not limiting the growth within the range of 
auxin concentration used by them. The leaf structJJre is 
very essential during establishment of cutting in nature, 
abscision leaves has never been noted during conduc
tion of experiment. Thus, it may be concluded that 
application of sucrose to the cuttings of Adhatoda vasica 
Neesr only in foliated cutting has stimulatory effect on 
:ooting and that the carbohydrate level in cuttings can 
be regarded as an important factor controlling the 
biological phenomenon. The application of sucrose 
may be taken into consideration during large scale 
plantation of the plant to serve as plant cover during 
aforestation programme. 
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EFFECTS OF SOME VITAMINS ON REGENERATION OF ADVENTIDOUS 
ROOTS ON ADHATODA VASICA NEES SHOOT CU'ITINGS 

A.P. HATI•, S.B. MODAK•• AND P.K. BASU 

Plant Physiology and Pharmacognosy Laboratory, Department of Botany (Centre for Life Sciences), North 

Bengal University, Darjeeling-734430. 

Introduction . 

Vitamins have long been noted to promote root 
formation (Stoutmeyer, 1940; Went et aL, 1938). 
Vitamin 'K' and 'H: (Hemberge, 1953), thiamine 
and nicotinic acid (Torry, 1956) have been found 
to promote initiation of roots. The beneficial 
effect of nicotinamide, ascorbic acid, pyridoxine 
hydrochloride and thiamine on root formation of 
Justicia gendarussa and Ixora singaporensis were 
recorded by Basu et aL (1958) and Mitra et aL 
(1984) respectively. 

Adhatoda vasica Nees can serve as a fo?rth 
stratum of canopy development in th~ tropical 
rain forest biome in the Balason catchment area of 
Darjeeling District. It has the capacity to develop 
good plant cover on the slope of the hill to check 
soil erosion. As the plant yields commercially 
important vasicine and related compounds which 
are medicinally important, the establiShment of the 
plant in this area may boost up the agroforestry 
also. This commnication .~eals with the effect of 
vitamins on the root formation of the cuttings of 
Adhatoda vasica. 

Material and Methods 

·Healthy twigs of Adhatoda vasica Nees were 
collected during the month of June from the 
experimental plot of North Bengal University, 
Centre for Life Sciences. Stem cuttings of 15 em 
in length were decapitated from the apical part of 
the plant having the age of three months and 
dipped in S<>lutions of 25 mg/1, 100 mg/1, and 
500 mg/1 for each of different vitamins (ribo
flavine, pyridoxine hydrochloride, thiamine, panto
thenic acid, nicotinic acid and ascorbic acid) 

separately for 24 hours. Each set consists of 20 
cuttings. Cuttings dipped in distilled water served 
as control. 

On the next day, the cuttings were planted in 
the propagating media which included leafy soil, 
coarse sand and red soil in the ratio 1:2:1 in 
wooden propagating boxes (47 em x 47 em x 12 
em) covered with .25 1-1 polythene (20 em above 
from the surfaces) to maintain the high level of 
moisture (90-95%). The experiments were 
conducted altogether for nineteen treatments which 
were replicated in the same .propagating media at 
the illumination of 1200 Lux, 70% humidity and 
at the temperature of 30°C ± 2°C. The data were 
recorded on 30th day after the initiation of the 
treatment. 

Results and Discussion 

The effec~ of vitamin on different biological 
material have been noted for a long time. But the 
literature in connection with effects of vitamin on 
plants is nieagre. The role played by vitamin in the 
process of seed germination was noted by Funk 
(1922) and their role in seed germination 
behaviour, its development and during storage has 
been well reviewed by Ovcharov (1977). Stout
meyer (1940) observed stimulatory effect of pyri
doxine hydrochloride on rooting of cuttings. 
Vitamin 'K' a-nd 'H' (Hemberge, 1953), thiamine 
and nicotinic acid (Torry, 1956) have also been 
found to promote initiation of roots while working 
with Justicia gendarussa and Mulberry cuttings. 
Sen and Bose (1958) reported the effect of 
thiamine applied singly or in combination with 
root forming substances like IAA, IBA, and NAA. 
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Basu et aL (1968) studied the synergestic effect of 
thiamine, pyridoxine hydrochloride, riboflavine, 
nicotinic acid and ascorbic acid in combination 
with different growth hormones in rooting of 
Justicia gendarussa cuttings. Murty and Rao 
( 1968) studied the- effect of foliar feeding of 

AP HATI, SB MODAK & PK BASU 

vitamin 'B' compounds and 'C' on the yield of 
rice. 

In connection with the- effect of vitamin on stem 
cutting of Adhatoda _vasica, the Table-1 showed 
that amongst the qifferent vitamins used, ribo-

Table-1: Effect of vitamins on regenemtion of adventitious roots on Adhatodll vasica ·Nees cuttings (values 
are mean of20 cuttings± SO) 

Treatment 

Control 

Riboflavine 

Pyridoxine 

hydrochloride 

Pao&othenic 

Niootiiiic 

acid 

Aacorbic 

acid 

S.E. 

C.D. at 5% level 

• = Distilled water 

Vitamin 
(mg/1) 

D.W.• 

25 

100 

500 

25 

100 

500 

25 

100 

500 

25 

100 

500 

25 

-- -··too-

500 

25 

100 

500 

Number _of roofS/ 
cutting 

12.80 ± ~.92 

20.60± 3.44 

17.00 ± 2.28 

16.20 ± 1.93 

13.40± 3.00 

15.60 ± 2.80 

16.60± i.74 

16.00± 5.40 

14.40± 3.82 

14.60± 2.65 

11.00 ± 1.41 

12.40± 2.49 

13.40 ± 2.41 

11.00 ± 1.78 

13.60 ± 2.41 

16.20 ± 1.46 

10.80 ± 1.32 

13.00 ± 3.28 

12.80'± 1.32 

10.98 

1.55 

Length of roof/ 
cutting (em.) 

9.20 ± 1.72 

8.10 ± 0.80 

9.20 ± 1.28 

9.00 ±_ 1.22 

10.40 ± 1.15 

10.40 ± 2.33 

10.70 ± 2;08 

8.40± 0.08 

95Q:t; _·o.~ ___ " 
10.70 ± .1.46 

7.50± 1.00 

11.4o ± . 2.49 

10.80 ± 1.72 

13.40± 2.15 

9.70± 0.87 

9.50 ± 1.00 

12.00± 2.68 

9.30± 0.87 

10.00± 0.70 

6.16 

1.16 

Dry matter accumulation -
of roots/cutting (mg) 

55.00 ± 1.41 

60.00 ± 2.28 

64.00 ± 1.41 

47.00 ± 2.60 

63.00 ± L89 

81.00 ± 1.41 

84.00± 0.63 

65.00 ± 1.26 

62.00± 2.44 

51.00 ± 2.09 

48.00± 1.41 

50.00± 0.89 

63.00± 1.89 

63.00± 1.89 

77;oo·± 1.78 

64.00 ± 1.78 

65.00 ± 1.41 

75.00 ± 1.26 

54.00± 1.09 

7.07 

1.25 
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flavine at 25/ mg/ I and I 00 mg/ I proved to be 
most effective in rooting so far as the number of 
roots/cutting has been concerned. Number of · 
rooto;/cutting has been noted to be maximum of 
20.60 during the treatment of 25 mg/1 as 
compared to that of control ( 12.80). · 

In connection with the effect of vitamin on the 
length of root/ cutting, 25 mg/ I of nicotinic acid 
showed maximum of 13.40 em of root length as 
compared to control which showed only 9.20 em. 
In .this respect ascorbic acid may be considered 
next to nicotinic acid where 12 em of root length · 
has been observed due to treatment of 25 mg/1 of 
the chemical. 

In connection with the effect of vitamin on the 
production of dry ~!latter/cutting, pyridoxine 
hydrochloride showed the maximum of dry matter 
accumulation (84 mg/cutting) at 500 mg/1 
·followed by 81 mg of the same at lOO mg/1. 
Besides pyridoxine hydrochloride, nicotinic acid 
and ascorbic acid at I 00 mg/ l for both the 
chemicals were observed to produce 77 mg and 
75 mg~respectively per cutting as "compared to that 
of control which showed only 55 mg and which 
have been significant statistically. 

The mechanism of promotion of rooting due to 
vitamin application is not clear. Though Basu et 
all(l968) reported vitamin to serve as co-factor 
of auXin in root formation. Besides, ascorbic acid 
plays an important physiological role in plant 
growth and differentiation and act as an electron 
donar in phosphorrylation and in oxydative phos
phorrylation (Arnon et al., 1954, 1956, 1957 and 
1958; Mapson, 1964). Beneficial effect of ascorbic 
acid has been discussed by Chinoy et al ( 1970 a, 
b). Detailed work on this line is in progress. 
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