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IN TR O D U C TIO N

Vetiver pj.ant V e t i v e n a  zizanioides (L in n  ) Nash occurs

w ild  m  the plains and lower h i l l s  of Ind ia , Burma and Sri Lanka 

Its roots contain h ig h ly  fragrant essential o i l  w hich is an important 

constituent of many popular scents, soaps, perfumes and cosmetics 

V e tive r  o il  is also used for isolation and preparation  of v e t iv e r o l , 

vetiverone and v e t iv e r y l  acetate it  has good e xport potential since 

Indian o i l  has v e ry  high content of v e t iv e r y l  esters in natural

state Its  potential as an important soil conservation plant has

been recognised recently at international le ve l

In Ind ia  the plant is grown both in the w i ld  and cult ivated 

forms In Kerala the crop  is cu lt iva te d  in a few village s in

T r i c h u r ,  Palghat, Calicut and Wyanad D is tr ic ts  V e tive r  plant grows 

m  any so il  but loamy cum sandy soil  is most suitable  Warm and

damp climate and adequate water are the two main requirements

for its successful growth In the coastal d re a 3 v c l iv o r  i< usually 

harvested after one year and the root is marketed as such for

the manufacture of items l ik e  mats, fans etc without extraction 

of o il  T h e  oil  is e xtracted from the roots in the midland area 

using lo ca lly  made d is t i l la t io n  units

India  produces about 20 tonnes of o il  annually, yet this

cannot meet our demand for manufacture of perfume, essence soap



etc Owing to the high demand of v e t iv e r  roots for extraction of 

o i l  and weaving of different ob jects, both w i ld  as well as

c u lt iva te d  plants are harvested Wild sources account for major

su p p ly  of roots However, the fast depletion of w ild  sources due 

to ind iscrim in a te  collection has not only created acute shortage

of roots but also sharp  increase in its pi ice during the last few

 ̂ears To  ensure regular s u pp ly  of roots to Indu str ie s ,  v e t iv e r  

c u lt iva tio n  must be taken up on large scale

Th e  d is t i l la t io n  of v e t iv e r  root is beset with considerable 

d iff ic u lt ie s  due to the v is c id  nature of the o i l ,  low v o la t i l i ty  

and high b oiling  point constituents Th e  separation of o i l  is also 

troublesome owing to its sp e cif ic  g r a t v i t y  w hich almost 

approxim ates to that of water In v e t iv e r ,  root y ie ld  and essential 

o i l  content of the roots are the major components of economic 

importance Th e  economic worth of the ci op is dependent on high 

root production and high essential oil  content

T h e re  are two main types of grasses, the North Indian 

( w i ld  ty p e )  and South Indian (c u lt iv a te d )  Essential o i l  obtained 

from two typ e s d iffe rs  in th e ir  p h ys ico -ch e m ica l p rope rtie s

Th e  germolasm collection of v e t iv e r  a va ila b le  in AICRP 

on M & AP P ro je ct,  College of H o rt ic u ltu re , V e lla n ik ka ra  includes 

13 South Indian type>, 8 North Indian types including f iv e  national



collections v i z  , NC 66403, NC 66404, NC 66406, NC 66415 and NC 

66416 and 3 h y b r id s  v iz  h y b r i d  7, h y b r i d  8 and h y b r i d  26 

these types are reported to be su pe rior  w ith  respect to the root 

y ie ld  and o il  content Th e  evaluation of these entries for th e ir  

root production, o il  production and o il  q u a lity  needs immediate 

attention

With th is  view  m  mind, the present investigations were 

undertaken to f u lf i l  the following obje ctive s

1 To evaluate the performance of selections and h y b r i d s  of v e t iv e r  

in comparison with the popular cu lt iva te d  v a n e t i e 4

2 To attempt morphological evaluation of the a \ a iia o le  -.elections 

and h y b r i d s  of v e t iv e r  m  the germplasm of A icR P  on M 6 AP 

Project of V e lla n ik k a ra , in o rd e r to develop a d e s c r ip t iv e  blank 

for the crop

3 To estimate the root and oil  y ie ld  of these types along with

an assessment of the q u a lity  of oil
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REVIEW OF L ITE R A TU R E

Vetiver is an essential oil y ie ld ing  perennial grass found 

in the tropics It comes up well under the agroclim atir  condition 

existing in Kerala

In th is  chapter an attempt is made to review  the work

ca rried  out t i l l  recently , on origin and d istributio n , species and 

va rie ties ,  m orphology, root and oil y ie ld ,  methods of d istillation 

and physico-chem ical properties of oil L iterature relating to the 

influence of biometric characters, stage of harvest, 7 0 1 I and other 

agroclimatic conditions on root and o il  y ie ld  is also presented 

b r ie f ly

2 . 1 .  O rig in  and d is trib u tio n

Cultivation of ve tiv e r  m Burma, S ri  Lanka, Java and Tro p ica l  

A frica was reported by Ranga A c h a n y a r  (1921) He also reported

its cultivation throughout the plains and lower h i l ls  of India Bews 

(1929) found ve tiver  as a native of Tro pica l Asia He reported 

its occurrence in African countries also Menon and Ittyachan (1945)

found the plant growing w ild  throughout Punjab, U P , Baratpur 

and Ajmer d is tr ic ts  in Rajasthan In central India, it was seen

p a rt ia l ly  growing w ild  and p a rt ia lly  cultivated It was also found 

in Chota Nagpur, Eiihar, Assam and seen w ild  in Orissa, Gujarat,



Andhra Pradesh,  Karnataka, Kerala and Tam i l  Nadu

V e tive r  was seen cu lt iva te d  in Southern Ind ia ,  Java, 

Malaya, P h i l ip p in e s ,  Japan, Reunion Is lan d , Angola, H a it i ,  Dominian 

R epublic , B r a z i l ,  Argentina, B r i t is h  Guiana, Jamaica and Mauritius 

(A rc ta n d e r ,  1958)

The occurrence of Vetiver species, V e t iv e n a  f i l ip e s  was 

reported by C e la n e r  (1959) in A ustra lia  v d .  or had wide ecological 

d is t r ib u t io n  almost a l l  ove r  the Indian continent (B o r ,  1960) He 

described two species V e t iv e n a  z izanioldes and V e t iy e n a  la w s o n ii , 

the former being found throughout India  and the la tte r in Bombay 

and Ta m il Nadu He found V e t iv e n a  z izanioldes also cult ivated 

m  Burma, S r i  Lanka, South East Asia and T ro p ic a l  Afr ica

V e tive r  root was known from ancient times in India The  

word ' v e t i v e r t '  more c o rre c t ly  sp elled  as 'v e t i v e r '  was d e rive d  

from Ta m il word ' v e t iv e r n '  The  Tam ils  inhabited  the island of 

S ri  Lanka as well as Southern tips  of India  across S r i  Lanka, 

cu lt iva te d  v e t iv e r  m  these regions Th e  plant was also seen w ild  

(W ild n e r ,  1960)

Th e  centre of o rig in  of the Genus V c t iv i r  should be e ither 

A fr ica  or A u stra lia  and not India  where only two species V e t iv e n a  

z izanioldes and V e t iv e n a  lawsonii occurred V e t iv e n a  zizanioldes
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was however d is tr ib u te d  throughout the humid tro p irs  where it 

was cu lt iva te d  for its aromatic roots (Ramanujam and Kumar 1964)

The cu lt iva tio n  of v e t iv e r  in Honduras and Gautemala was 

reported by Ish ida  and Kawatake (1967) Guenther (1972) found 

the plant to be cu lt iva te d  syste m a tica lly  m  certain  places of

Kerala, Ta m il Nadu, Karnataka and Andhra Pradesh In Kerala 

State, the cu lt iva tio n  was mainly done in the village s of 

Kaipamangalam, C h e n tra p m n i , Pennganan, Koolimuttam, Andathode

and Panniyur m  the Chowghat and Ponnani taluks of T n c h u r  and 

Palghat D is t r ic ts ,  in Nilam bur of Kozhikode D is t r ic t ,  and in 

Ney ya ttm k a ra  of T r iv a n d ru m  D is tr ic t  C u lt iva tio n  had also been

taken up lh Wynad and along its  foot h i l l s

In the State of Ta m il  Nadu, the places where v e t iv e r  c u l t i ­

vation was done e x te ns ive ly  were T i r u n e lv e l i ,  Sri  v e l l ip u t h u r , 

M adurai, Th a n ja vu r  and T i r u c h i  (V irm a ni and Dutta, 1975)

According to M o rris  (1984) V e tive r ia  zizanioides (L in n  ) Nash 

sometimes re fe rre d  to by the name Andropogon m uncatus Retz , 

had been known to the Indians from the time of the vedas During 

Mogul times, French tra d e rs  became aware of this fine aromatic 

grass and introduced it to Bourbon Island in the Indian ocean and 

to the w o rld  colonies of Louisiana and Haiti He thus considered 

India  as the true home of v e t iv e r



2 .2 .  Species and v a rie tie s

C e la r ie r  (1959) had found close re la tio n sh ip  between 

Chrysopogon and Genus V e t iv e r ia  except for many jointed racemes 

He also de scribed  the interm ediate forms such as Ve tive ria  

f u lv ib a r b is  from A frica  and V e tiv e r ia  f i l ip e s  and a l l ie d  species 

from A u stra lia  He considered V e t iv e r ia  zizanio ide s as the most 

p r im it iv e  and ancestral in the t r ib e  Andropogonae based on the 

studies on Vetiver la z iz a n io id e s , V e tiv e r ia  law sonn and Ve tive ria  

f i l i p e s ,

Haeckel included v e t iv e r  in the Genus Andropogon and 

named it as Andropogon squarrosus but it was named afterwards 

as V e tive r ia  zizanioides by Linnaeus (B o r ,  1960)

T h e  Genu1 V e t iv e r ia  was found to be com prised of at least 

ten species (P u rseg love , 1975, Cobley and Steele, 1976) Out of 

the ten species V e t i v e r ia , V e tive ria  zizanioides most commonly 

found in A sia ,  have aroma, whereas V e t iv e r ia  n ig n t a n a , a s im ilar  

type  found in A f r ic a ,  was not known to be aromatic (M o r r is ,  1984)

2 . 3 .  M orphology

Ramanujam and Kumar (1963) had c la ssif ied  Indian v e t iv e r  

under two major categories v iz  , North Indian types and South 

Indian types The y  observed considerable  variation  among the t y p e s



grown in Soutli India and North India for quantitative and morpholo­

gical characters, The y  suggested that one could recognise a North 

Indian com plex, cha ra cterised  by la rge r  number of t i l le rs  and 

panicles, lower root p roduction, lesser number of leaves in main 

t i l l e r s ,  y e llo w ish  brown roots of lesser diam eter, 1 jrqer internodes 

and narrow er leaves than the South Indian type

P i l la i  (1967) suggested that it  might be necessary to

recognise the existence of two m orp holo gically  differentiated

complexes in India  M o rr is  (1984) had de scribed v e t iv e r  found 

m  India  belonging to two typ e s , f low ering typ e  found m  North 

India  and non f low ering typ e  found m  the commercial plantation

of the South India

2 . 4 .  Root y ie ld

Reddy (1954) re porte d  an ), ie ld  of about 2 -8  tonnes of

d r y  roots/ha from Bh ara tp ur area In the cult iva te d  area from 

South India  an average y ie ld  of 4 to 5 tonnes of washed roots/ha 

was obtained In Anamallai certain areas had y ie ld e d  about 7 5

tonnes of fresh and washed roots/ha, w h ile  harvested at 16-18 

months of age (Rao, 1963) Chandra et  ̂ al^ (1966) re porte d  a root

y ie ld  of 0 20 to 0 24 t o m e s /acre from Rharatpur area where

v e t iv e r  was growing na tura lly
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Eleven h y b r id s  of ve tiv e r  were selected and put under 

multilocational tr ia ls  at 6 centres Results showed that the root 

yields were in the order 1 264 tonnes/ha for h y b r id  16 and h y b r id  

6 and 1 209 for h y b r id  8 (Sethi et  ̂ al , 1978) Comparative tr ia ls

of 14 h y b r id s  and 2 controls at Delhi gave root y ie ld  varying

from 1 2 tonne3/ha to 2 04 tonnes/ha during 1974-75 (Sethi and 

Gupta, 1980)

S ta b il ity  analysis for root y ie ld  on ar avei aye of 4

replication/location and an overall  average of 6 lo< ntion by Sethi 

et al (1981) showed that four h y b r id s  v iz  h y b r id  26, h y b r id

16, h y b r id  8 and h y b r id  7 gave significantly higher root y ield  

than control (0 75 tonnes/ha) Sethi (1982) reported highest root 

y ie ld  of 59 g/plant for h y b r id  26 (1 458 tonnes/ha) among the

14 h y b r id s  followed by h y b r id  6 (1 354 tonnes/ha), h y b r id  7

and h y b r id  8 (1 310 tonnes/ha) and h y b r id  16 (0 94 tonnes/ha)

Thirteen ve tive r  h y b r id s  were studied at AICRP or M S  AP, 

College of A griculture, Indore by Gupta et_ a)[ (1983) during the

period 1976-78 The data revealed that h y b r id  clone 16 gave the 

highest root y ie ld  over all other h y b r id  clones (90 40 g/plant)

followed by h y b r id  8, h y b r id  14, h y b r id  23, h y b r id  7 which

gave root y ields of 87 60 84 70 and 86 10 and 85 3 g/plant respect­

iv e ly
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T r i a l s  with 12 h y b r i d  clones of v e t iv e r  were ca rr ie d  out 

at Aromatic and Medicinal Plants Research Station, Odakkali to

ide ntify  a high yie ld in g  v a r ie ty  with regard to root and oil y ie ld  

suitable to Kerala condition and the result indicated that the 

h y b r i d  clone ODV-13 (a North Indian h y b r i d )  was su pe rior  to all

other va rie tie s  with regard to the root y ie ld  (N a ir  et al_ , 1983)

Th e  results of extension t r ia ls  by Sethi ^  al_ (1986) to 

assess the performance of h y b r id s  during the year 1983-85

confirmed that h y b r i d  8 o u ty ie ld e d  others on different locations 

with an average y ie ld  of 1 314 tonnes/ha of roots followed by

h y b r i d  7 w hich yielde d  1 225 tonnes/ha of roots

Breeding vorks at NBPGR by Sethi et al (1987) could

release a new promising h y b r i d  of v e t iv e r  v i z  , h y b r i d  8, which 

gave a f a ir ly  high root y ie ld  of 1 4 tonnes of roots per he< tare

Puma et al  ̂ (1989) based on the m ultilocational t r ia l  to

study the performance of h y b r i d s ,  found that from among the 9

v e t iv e r  h y b r i d s  used for the t r i a l ,  h y b r i d  4 showed th< highest

root y ie ld  followed by h y b r i d  2 and h y b r i d  26 The  o ve ra ll

performance was 1 98 tonnes/ha being h ighe r than at Delhi (1 67

tonnes/ha), Kanpur (1 51 tonnes/ha) and Indore (0 84 tonnes/ha)

indicating better a d a p ta b il i ty  Mini (1989) based on her ob se rva t­

ions on m orphological characters  of 11 v e t iv e r  c u l t iv a r s ,  reported

a root y ie ld  of 83-176 g/plant under pot condition



J U

Pareek et_ al  ̂ (1991) reported that h y b r i d  8 culture released

from NBPGR produced 1 1 to 1 5 tonnes/ha of a ir  d r ie d  roots

2 5 O il y ie ld

Puran Singh (1914) d is t i l le d  the roots grown in difierent 

loca litie s  in India  and obtained y ie ld  between 0 37 to 1 14 percent­

age Menon and iU ya ch a n  (1945) had reported o i l  y ie ld  of roots 

from d iffere nt locations Th e  highest o il  y ie ld  0 23 per cent was

obtained for ro^ts from Musanagar and Bharatpur w h ile  lowest y ie ld  

of 0 15 per cent was for roots from Sirsa (Punjab)

Rao et_ al  ̂ (1963) obtained an y ie ld  of 13 to 15 kg of oil 

per hectare in v e t iv e r  Chandra et  ̂ al_ (1966) reported oil

re covery  of 0 1 per cent from Bharatpur v e t iv e r  by d is t il la t io n

in lo ca lly  made Bhapkas (D is t i l la t io n  U n it )  D hm gra  (1969) conducted 

comparative y ie ld  t r ia ls ,  results of w hich had shown that roots 

from B haratpur as the highest y ie ld e rs  with 0 19 to 0 25 per cent 

and that from Musanagar (K a np ur)  as the lowest y ie ld e rs  with 0 08 

to 0 1 per cent

It  was quoted by Virmani and Dutta (1975) that the range 

of o il  per cent in d r y  v e t iv e r  roots grown in some countries v iz  

Angola, B r a z i l  and B r i t is h  Guinea was 2 to 4 6 whereas oil content 

m  v e t iv e r  roots from France was only upto 0 25 per cent
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Singh e^ al  ̂ (1978) reported that h y b r i d  8 was superior 

for o i l  followed by h y b r i d  12, h y b r i d  26, h y b r i d  14 and h y b r i d  

4 at Kanpur Essential o il  studieo, conducted by them with 15 

h y b r i d  clones of v e t iv e r  at Department of H o rt ic u ltu re , C S Azad 

U n iv e rs ity  of A g r icu ltu re  and Technology, Kanpur, revealed that 

h y b r i d  clone 23 gave the highest o il  per cent (2 4%) over all 

other h y b r i d  r lones w h ile  h y b r i d  clone 11 had lowest oil  content 

(0.99%)

An a nalysis  of d r y  root samples of h y b r i d  v e t iv e r  varieties 

was done foi th e ir  essential oil  content for 2 years (1975-76 and 

19/6-/7) Highest oil content (2 5%) was obtained in three h y b r id s  

v i z  , h y b r i d  clone 3, h y b r i d  clone 2 and h y b r i d  clone 14 (Ba jp ai 

et al , 19/9)

P re lim in a ry  screening of 29 h y b r i d s  at Delh i resulted in 

ide n tify in g  14 h y b r id s  w hich gave better o i l  content Comparative 

performance of these four h y b r id s  gave an essential o il  content 

ranging from 0 35 to 1 55 per cent (Sethi and Gupta, 1980)

S ta b i l i ty  analysis  for essential o il  content on an average 

of 4 replications/location  and an o v e ra l l  average of a ll  the 6 locat­

ions by Sethi et a!_ (1981) revealed that 4 h y b r i d s  v iz  , h y b r i d

26, h y b r i d  16, h y b r i d  8 and h y b r i d  7 gave s ign ifica ntly  higher 

essential o i l  content of 1 487, 1 267, 1 727 and 1 510 per cent,



re s p e c tiv e ly  Th e y  also re porte d  that the present h y b r i d s  were 

the progeny selections made from crosses between North Indian 

and South Indian complexes and they outyie lde d  th e ir  parents in

o i l  content H y b r id s  8 and 7 having a high oil per cent retained 

th e i r  s u p e r io r i ty  in y ie ld  even m  different types of soils

Gupta et_ al  ̂ (1983) found that among the 13 h y b r i d  v e t iv e r  

clones used for the t r ia ls  at College of A g r ic u ltu re ,  Indore, oil

content was the highest for h y b r i d  8 (1 60%) followed by h y b r id s  

12, 26, 4 and 14 These h y b r i d  clones were observed to be

sig nifica ntly  higher o i l  y ie ld in g  than local c u lt iv a rs  Th e  oil 

content ranged from 0 77 to 1 6 per cent

Studies conducted at AMPRS, Odakkali by Nair ert aj_ 

(1983) have shown that ODV-13 was su p e rio r  to a ll  other 12 h y b r i d

clones used for the t r i a l  with regard to o i l  y i e ld ,  o il  re covery

and q u a lity  of o il  It  gave 30 per cent more oil  over the local

v a r ie ty  Nilam bur

Th e  re sults  of extension t r ia ls  by Sethi et al (1986) to

assess the performance of h y b r i d s  during the year 1983-85 confirmed 

that h y b r i d  8 y ie lde d  highest in d ifferent location w ith  an average 

of 21 29 1/ha of o il  followed by h y b r i d  7 w hich y ie ld e d  18 3 1/ha

of o il  In yet another s tu d y ,  the same authors re porte d  the oil



content in ml/100 q of v e t iv e r  root H y b r id  9 gave 1 73 ml which 

was the highest followed by h y b r i d  12 (1 6 8 ) ,  h y b r i d  14 (1 5 4 ),  

h y b r i d  4 (1 54) and h y r b i d  7 (1 50)

Maheswari et  ̂ al (1986) showed that there was wide v a r ia t ­

ion in o i l  content ranging from 0 25 to 0 75 per cent on fresh

weight basis from the roots of 21 national collections thev selected 

for experiments at NBPGR, New Delhi Th e  highest oil  y ie ld ing

collection was NC 66403 (0 75%) followed by NC 66413 (0 66%),

NC 66416 (0 65%), NC 66408 (0 62%), NC 66404 (0 60%), NC 66407

(0 60%), NC 66415 (0 60%) and NC 66423 (0 60%) Th e  accession

NC 66422 had the lowest o i l  content whereas others l ik e  NC 66405,

NC 66404, NC 66410, NC 66411, NC 66412, NC 66419, NC 66420 and

NC 66424 possessed oil between 0 30 per cent to 0 37 per cent

T r i a l  data from 6 different experim ental stations with

h y b r i d s  v i z  , h y b r i d s  8, 7, 14 and 26 showed that h y b r i d  8 gave

the highest o il  y ie ld  both in normal soils  (27 65 1/ha) as well

as a lkaline  so ils  (15 21 1/ha) An ovei a l l  o i l  y ie ld  of 20 78 1/ha 

was obtained m  th is  v a r ie ty  ( h y b r i d  8) (Sethi et  ̂ a^ , 1987)

Puma et_ a^ (1989) based on the t r ia ls  w ith  9 h y b r id s

of vetn/er at Haryana A g r ic u ltu ra l  U n iv e rs ity  during  1981, reported 

that o i l  content ranged from 0 57 ( h y b r i d  6) to 111 per cent

( h y b r i d  3) General mean was 0 78 per cent w hich was more than



1 0 per cent at Delhi, Kanpur and Indore (Sethi et al , 1978)

O il  y ie ld  varied  from 9 72 kg/ha (h y b r i d  16) to 22 88 kg/ha for 

h y b r id  3 The average oil y ie ld  was 15 00 kg/ha, h y b r id  8 and 

7 gave above average oil y ie ld

Pareek et ed (1991) reported that h y b r id  8 culture released 

from NBPGR could y ie ld  15-18 kg oil per hectare

2. 6.  B iom etric Parameters and its  influence on root and o il y ie ld

Stud^ on the natural growth of ve tiv e r  at Bharatpur by 

Chandra et  ̂ al  ̂ (1966) showed that maximum dense growth of root

was seen upto 25 cm and as the depth increased the penetration

of root decreased I  he maximum depth to which the roots were

found to have normal thickness was 84 cm

Bajpai et  ̂al  ̂ (1979) based on th e ir  studies of varietal

performance of Khus repor ted the highest fresh root y ie ld  of 81 2 g 

( d r y  root y ie ld  47 59 g) and highest plant height of 212.6 cm

for h y b r id  clone 3 Root length (43 8 cm) was the maximum in

h y b r id  clone 15

In an experiment conducted at National Bureau of Plant

Genetic Resources, New Delhi to study the relationship  between
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root parameters and o il  y i e ld ,  Sethi et  ̂ al_ (198G) reported that

short and th in  rooted cult i  i/ars gave h ig h e r percentage of oil The 

root length in the National collection under study va r ie d  from 23 cm 

(NC 66403, NC 66404 and NC 66416) to 27 cm in NC 66414 Root 

diameter v a r ie d  from 2 1 mm in NC 66418 to 2 9 in NC 66413 and

NC 66414 Compared to other collections NC 66415 w hich possessed 

root diameter of 2 4 mm and root length of 23 cm gave high

percentage of o il  (0 65%) But exceptions were noticed in NC 66403 

and NC 66404 which y ie ld e d  0 75 and 0 60 per cent o i l  and possessed 

a root diameter of 2 8 mm Some high y ie ld in g  accessions gave 

low oil  content (NC 66422)

Sethi et  ̂ al  ̂ (1987) reported a root shoot ra tio  of 6 25 

at harvest on fresh weight basis in h y b r i d  8, a prom ising v e t iv e r  

h y b r i d  Pareek (1989) based on his experiment to study the p e rfo r ­

mance of 12 v e t iv e r  stra ins at D elh i had re porte d  the number of

roots ranging from 253 to 800, root diameter 1 6  to 2 9 mm, and 

root length 31 5 to 45 5 cm

2 . 7 .  Stage of h a rve st and its  effect on root and o il  y ie ld

Puran Sinqh (1914) reported that 18 months after sowing 

is the optimum period  for the harvest of v e t iv e r
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With respect to the maturity of roots at harvest time,

Murti and Moosad (1949) found that o il  content increased

p ro g re s s iv e ly  upto 2 1 months ( y i e ld  0 87%) At 10 months it was

0 1 per cent, at 15 months 0 50 per cent and at 17 months 0 79

per cent He also stated a period  of maturity  of 15-18 months for 

the roots as the optimum A reduction of o il  per entaqe to 0 25

and 0 20 for 25 and 23 months old roots was also noticed m  th e ir

experim ent It  was concluded that ha rve sting  of v e t iv e r  roots

before a minimum m aturity  of 15 months as well as after 21 months

was uneconomical

Systematic examination was undertaken by Sadgopal (1960)

on v e t iv e r  m  the forest blocks in Bharatpur and Musanagar He

showed that the iverage content of the oil  in roots increased from

0 28 per cent to 1 83 per cent in 30 months old plants and the 

corresponding figures for plants at 12 to 18 months were 1 1 to

1 5 pet cent

Sreedharan et_ al_ (1973) reported that there was no

significant difference in the y ie ld  of root and o il  when plants were

harvested at different in te rv a ls  of 11 to 18 months after planting,

but there was significant different e in the y ie ld  of the harvests

in the same year



Virmani and Dutta (1975) suggested that the best time for

h arvest of v e t iv e r  is  18 months after planting and that it would

g ive  the maximum percentage of essential o il  Sethi e_t al_ (1986) 

found that delayed ha rve sting  le after 18 months, was totally  

uneconomical both for y ie ld  and q u a lity  According  to them the

loot y ie ld  and oil  content was maximum between 15-18 months after

planting for h y b r i d  8 v e t iv e r  E a r ly  h a rve stm q  affe< ted root y ie ld

and essential oil  content conside rably

Pareek ert al_ (1991) showed that ci op at 15-16 months

age had maximum oil  in the roots with r har arter is t ic  woody 

e a rth y ,  balsam ic, pleasant odour A fte r  16 months o il  percentage

was found decreasing in the roots

2 . 8 .  Influence of s o il and clim ate  on root and o il y ie ld

A ccording  to Murti and Moosad (1949) the white sandy

soils  on the west coast of Southern India  were f i r s t  considered 

to be best suited for the cult iva tion  of v e t iv e r  and later studies

by these scientists  p roved that pure (w h ite )  sandy soil was not 

suited for v e t iv e r  c u lt iva tio n  Th e  roots on d is t i l la t io n  (fo r  16 h rs )  

y ie ld e d  only 0 18 to 0 22 per cent of oil  Root grown in red 

la te n t e  loam, on the other hand y ie ld e d  from 0 76 to 0 94 per

cent of o i l  Th e  roots produced in loamy soil were found to be

th ic k  and w ir y  with only a small p roportion  of h a iry  rootlets,

1C
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whereas the roots grown in sandy so ils  were th in  and h a iry  In

yet another study on the effect of manuring on oil per cent, it

is reported that f e r t i l i z in g  witn  ammo^x^m c 'pbnte  and groundnut

cake increased the oil  content of the roots to some extent, but 

increase was far less than that of roots cult iva te d  in a good soil

Th e  q u a lity  of v e t iv e r  va r ie d  from lo c a lity  to loca lity

even in the same d is t r i c t  with s im ila r  c lim a tic  condition The

roots extracted from the area w hich had lesser clay dontent and 

lesser water logged condition produced better q u a lity  o i l  I t  had

furth er been noticed that with decrease in c lay content in the soil 

there was a marked improvement in the oil  y ie ld  but an a pp reciable  

fa ll  in q u a lity  of oil (Singh and Sankhala, 1957)

The colour of root was not re lated to the q u a lity  of the

o il  H owever, both y ie ld  and q u ality  v a r ie d  consider ib ly  depending

on whether the roots had been grown in a r ic h  s o i l ,  volcanic

la te n t e  for example, or in a poor sandy soil (W ild n e r ,  1960)

Wood ash had no effect enhancing the y i e ld ,  cattle  manure or bone

meal e ith e r  singly  or in combination appeared to have increased

the y ie ld  of roots (Sambashiva Rao, 1964)

Chandra et  ̂ a^ (1966) found the y ie ld  of v e t iv e r  as 

between 2 7 and J 7 tonnes/ha which in turn depended on a number
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of factors l ik e  amount of r a in f a l l  in the preceeding monsoon, the

winter r a in f a l l ,  the m oisture  re tain ing  ca p a city  of the so il  and

the age of the crop

In o r d e r  to know the perform ance of h y b r i d s  of v e t iv e r  

under saline  -  a lk a lin e  conditions a t r i a l  was conducted 

sim ultaneously at Banthra in co lla b o ra tio n  w ith  N BR I, Lucknow 

d u rin g  1974-76 cro p  season Results showed i at 'h e re  were s i g n i f i ­

cant d iffere nces between the h y b r i d s  fo r  root y ie ld  and number

of t i l l e r s  Though s a l in i t y  of the so il  affected the root y ie ld  and

o i l  content i t  was not r e la t i v e  (S e th i  et_ al^ , 1976)

M u ltilo ca tio n a l t r i a ls  conducted at 6 centres w ith  11

h y b r i d s  of v e t iv e r  by  Sethi et  ̂ al  ̂ (1978) showed that there was

v a ria t io n  in o i l  content in a l l  the centres w ith  the change m  soil

condition T h e y  found that h y b r i d  8 and 7 o u ty ie td e d  th e i r  parents

in o i l  content w ith  1 87 and 1 60 per rent w h ic h  retained th e ir  

s u p e r io r i t y  on y ie ld  even m  d if fe re n t  ty p e s  of s o il  Th e y  also

re p o rte d  an o i l  y ie ld  of 1 72 per cent to r  h y b r i d  14 w h ich  was 

the h igh e st in avei age f e r t i le  s o ils  of pH 7 -8  But the roots

degenerated in saline -  a lk a l in e  so ils  g iv in g  only 1 16 per cent

H y b r id s  26, 16, 8 and 7 maintained t h e i r  o i l  y ie ld  in both types

of so ils



Pilot scale cu lt iva tio n  of v e t iv e r  taken up at 4 types of 

problem soils  v iz  water logged s o i l ,  a lk a li  soil with pH 9 and 

pH 10 and sandy soils at the Research Farm C IM A P , Lucknow during 

1982-85 showed that v e t iv e r  could be v e ry  well grown in these 

soils  Th e  crop pi oduced 4 56 tonnes/ha of root and 27 3 kg of 

o i l/ h a ,  in water logged soil which was on par to the y ie ld  

obtained from normal so il  (Mori is ,  1984) A lk a l i  soils witn pH 

9 and 10 gave 2 72 and 1 99 tonneo/ha root y ie ld  and 16 3 and 

1 1 3  kg of o il  The lowest root y ie ld  and o il  y ie ld  were from 

sandy soil (1 48 tonnes/ha and 8 9 kg/ha, re s p e c t iv e ly )  (Singh 

et a^ , 1987)

2 .9  D is tilla tio n  of roots

Th e  d is t i l la t io n  of v e t iv e r  root is beset with considerable

d if f ic u lt ie s  due to the v is c id  nature of the o i l ,  low v o la t i l i ty  

and high b oiling  point constituents T h e  separation of the oil from 

water is also troublesome, owing to its sp ecif ic  g r a v i t y  which

is almost a pp roxim a te ly  to that of water D ry  and mature th ick  

roots qive  more visuous o il  than green and fresh roots The older 

the roots, the longer is the period  of d is t i l la t io n  and the higher 

the steam pressure re q u ire d  For large scale d is t i l la t io n  the roots

are cleaned and steeped in water for 12-16 hrs  Chopped pieces



2 -4 "  long are charged into the copper s t m  along with aqueous 

d is t i l la te  from the previous d is t i l la t io n  The  s t i l l  is heated over 

low f ire  in the beginning, the intensity  of heat being increased 

towards the close of d is t i l la t io n  (Sobti and Rao, 1976)

Rao et_ al  ̂ (1925) reported an o il  y ie ld  of 0 79 per cent 

when roots were soaked for 3 days whereas an oil  y ie ld  of 0 28

per cent was obtained when soaked for 24 hrs

Before d is t i l la t io n  the roots are to be put in water and

allowed to soak for about 12 hrs The  soil adhering to the roots

get d issolved  in the water Th e  clean roots are then chopped into 

5 to 8 cm size  (Singh and Sankhala, 1957)

B n l h o  and Santos (1965) based on the study of d is t il la t io n  

of v e t iv e r  roots obtained better results with fresh roots than with

d r ie d  roots and fine chopping before d is t i l la t io n  was found to be 

advantageous Th e  optimum temperature range for d is t i l la t io n  was 

50-60°C

A steam d is t i l la t io n  unit with b o ile r  can be used for 

d is t i l la t io n  of \ e t iv e r  roots A p art of v e t iv e r  o il  is heavier 

than water and ther efore a small quantity of salt is added to the
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chopped roots m  the s t i l l  to fa c il ita te  easy evaporation of the 

o il  (Pareek et  ̂ al_ , 1991)

2 . 10.  P h ysico ch e m ica l p ro p e rtie s

Puran Singh (1914) had re porte d  the physicochem ical

p ro pe rtie s  of Indian v e t iv e r  oil as follows

S pecific  g ra v ity  at 15°C -  1 01

A cid  value -  10 50

Ester value -  69 60

O ptical rotation -  -30° 85'

Rao ert al  ̂ (1925) found the following physicochem ical

p rope rtie s  for o il  obtained from v e t iv e r  of Bangalore region

S p e cif ic  g ra v ity  at 15°C -  1 0028

Refractive  Index at 95°C -  1 5215

O p tica l rotation -  +25 5°

A cid  value -  21 4

Saponification value -  31

Ester value -  10 4

Ester value after acetylation -  43 4

To ta l alcohol as C ^.h^gO 43



The p hysicochem ical p rope rties  of v e t iv e r  o il  from Agra 

was given by Rao et_ aj  ̂ (1925)

Specific  g ra v ity  at 15°C -  1 004

R e fra ctive  Index at 25°C -  1 519

O p tical rotation -65°

A cid  value -  41 2

Ester value after acetylation -  14b 8

Tota l alcohol as ( . cHnr.O -  64 8
15 20

According to Guenther (1950) and Rao et ajl̂  (1963) there 

appeared to be considei able s im i la r i t y  on the c h a ra cteristics  of 

the essential o il  obtained from South India  and that from Java, 

Reunion, H aiti  etc W hile the essential oil  produced by the North 

Indian typ e  stood out in th is  respect

Dhingra et_ al  ̂ (1952) reported the follow ing ch a ra cteristics  

of the v e t iv e r  o il

Sp e cif ic  g ra v ity  at 30°C -  0 9857

R efractive  Index -  1 5190

O p tica l  rotation -  +27 3

A cid  value -  19 8

Ester value -  21 08

Free v e tiv e ro l  -  67 5

Combined v e t iv e ro l  -  8 44



Th e  sweet heavy ch a ra cte r is t ic  odour of v e t iv e r  o il  was 

due to the presence of several Ketonic Sesquiterpenes of which

of the essential o il  of North and South Indian strains had revealed 

the interesting fart  that the essential o i l  from the two types

differed m  i espect of aroma, p h y s ic a l  p ro p e rtie s  (s p e c if ic  g r a v i t y ,  

optical rotation, s o lu b i l i ty  etc ) and chemical p ro p e rtie s  (carbonyl 

value, acid  value, ester value p a r t ic u la r ly  after acetylation etc ) 

and that these differences were not concerned by the different

environments obtained m  the two regions He ( nnsidot ed the oil 

having high sp e cif ic  g r a v i t y ,  esters, and free alcohols as the 

best v e t iv e r  o il

The  Indian Standard Institution (1969) had la id  down

specification for v e t iv e r  o il

1 Colour and appearance L ig h t to re d d is h  brown Same as in South
sometimes greenish Indian type
viscous l iq u id

v e t iv e r o l ,  c*C vetivone and yB vetivone were the most important 

components (Zutshi and Sadgopal, 1957)

Studies by Sadgopal (1960) on the p hysicochem ical properties

South Indian type North Indian type

2 Odour C h a ra c te r is t ic  and Same as in South
persistant aroma with Indian type
pleasant woody 
character

3 Specific  g ra v ity  
at 30°C

0 99°0 to 1 015 0 9900 to 1 032



4 Optica] rotation

5 Refractive  Index 
at 30°C

6 A cid  value

7 Ester value

8 Total a lcohols, 
minimum

9 C arbonyl value 

10 S o lu b il i ty

+10° to 25°

1 5160 to 1 5300

35

25-50

55

55

Soluble m  1 to 2

-50° to -130°

1 5120 to 1 5230

40

25-80

70

24

vols of ethanol (80%)

Anderson (1970) found difference in q u a lity  as well as 

quantity of o il  obtained from Northern and Southern parts of India 

although there  was no morphological difference in plants He 

fu rth e r  noticed that the North Indian v e t iv e r  o il  d iffered from 

v e t iv e r  o i l  of H a iti ,  Reunion, Congo, Angola and South India being 

le a v o -ro ta to ry  Major constituents were ve tiverone , v e t iv e ro ls ,  

v e t iv e n y l ,  vetivenate, Benzoic a c id ,  p alm itic  acid etc

Indian v e t iv e r  o i l  contained h ig h e r percentage of esters 

and alcohols as v e t iv e n y l  esters and v e t iv e r o ls  and these were 

the cause fot the better aroma of the Indian v e t iv e r  o ils  (V l rmanj  

and Dutta, 1975)

Isolation and identification  of antipodal sesquiterpenes le 

e p ik h u s m o l and Khusinol oxide  related to Khusimol, the major
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constituent of Khus o i l  had been discussed (K a ls i  et  ̂ cd , 1979)

D is t i l le d  oil  and disolute of V e t iv e n a  zizanio ide s analysed 

for th e ir  main components by Ashour and Moshtohor (1980) y ie ld e d  

hydro ca rb o ns, sesquiterpenes, alcohols and Ketones The important 

components were v e tiv e ro l  and oC and p ,  vetivone

Gupta et_ al  ̂ (1983) a ttr ib u te d  the s u p e r io r i ty  of o i l  of

h y b r i d  v i z  , h y b r i d  12, 23, 16 and 26, due to the high content

of e ste rs ) free alcohols and high s p e cif ic  g r a v i t y ,  to the local 

v e t iv e r  types The y  studied the p hysicochem ical p roperties of 

h y b r i d  v e t iv e r  o i l  v iz  , h y b r i d  7, 8, 14, 16, 23, 12, 4 and 26

and control and showed that o i ls  from these h y b r i d s  had high 

specific  g r a v i t y ,  high este rs ,  as w ell as free alcohols showing

th ereby that th e ir  q u a lity  was su pe rior  than control

Mahesw an (1985) conducted a comparative study of the 

gas chrom atography of v e t iv e r  of Ind ia ,  Indonesia, Haiti  and Reunion 

and showed that South Indian v e t iv e r  o i ls  were more or less 

s im ila r  m  G C pattern to that of Indonesia, Haiti  and Reunion 

But a ll  h y b r i d  o i ls  were having main components l ik e  K h us ila l,  

Khusinol, Khusimol and Khusol Certain  components l ik e  Khusimol,

Khusol were common in both w i ld  and cu lt iva te d  v e t iv e r  o i ls  but 

Khusila l and Khusinol were chemomarkers of w ild  v e t iv e r  o ils



Odour evaluation of h y b r i d s  v i z  , h y b r i d  7, 8, 16 and

26 was c a r r ie d  out w ith  standard  o i ls  C onfirm ed find ings of gas 

c hro m o to gra p hy re ve a le d  th at a ll  h y b r i d s  were more tow ards North 

Indian s t y le  though la ck in g  somewhat m  odour volume Whenever 

th ere  was increase m  K h u s ila l  peak, a ld e h y d e  note got increased 

T h i s  had also been o b s e rv e d  among d if fe re n t  o i l  samples of 

B h a ra tp u r  ( w i l d )  ty p e  Among the 4 h y b r i d s  under stu dy h y b r i d  

7 and h y b r i d  8 were s u p e r io r  in odour and were e v o lv e d  from 

the cross Though h y b r i d  7 gave b e tte r tope nob'1 in comparison 

to h y b r i d  8, the odour of h y b r i d  8 de ve lo p  later on, growing 

more sweet balsam ic ch a ra cte rs  Its  o v e r a l l  of fret was p re fe rre d  

and conside red  a t t ra c t iv e  enough as compat ed to oth ers  (M a h e s w a n ,  

1985)

A peru sal of values presented for p h y s ic o c h e m ic a l  p r o p e r t ­

ies of essential o i l  of the v e t iv e r  germ plasm  showed that most 

of the National C o lle ctio n s were c h a ra c te r is e d  w ith  high leavo 

s p e c if ic  ro ta t io n ,  high ester values as w e ll  as free v e t iv e r o l  

content F re e  vetiver ol in the case of NC 66416 was to the tune 

of 79 09% w ith  the total v e t iv e r o l  content of 85 74% T h i s  genetic 

l ine  gave h igh e st leavo rotation ( 6 8 ) ,  lowest a cid  value (13 01) 

and ester value (16 96) Accession NC 66403, NC 66404 and NC 66408 

gave d e x tro  o p t ic a l  rotation  and contained less free v e t iv e r o l  

(M a h e s w a n  et al , 1986)



Sethi et jd  (1986) confirmed from th e ir  study on National 

Collection that out of the 21 germplasm collections under study most 

p re fe rre d  was NC 66416 where o v e ra l l  odour effect was /ery 

a ttra ct ive  with sp ecif ic  saffron typ e  tope note and long lasting 

sweet balsamic note whereas among others most prefe rre d  were 

NC 66404 and NC 66403 having round note Odour of NC 66406 was 

superior to that of NC 66403 and would be useful when good quality  

v e t iv e r  was p re fe rre d  Other types w h ich  follow m  the decreasing 

odour value were NC 66415, NC 66413 and NC 66423
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M ATER IA LS AND METHODS

The present experiment was conducted m the Department

of Ag ricu ltu ral Botany, College of Horticulture, Vcllanikkara during 

the period 1989-91 Germplasm of v e tiv e r  including selections and 

hybr ids availa b le  m the AICRP on M & AP project were used for

the present study They were evaluated by observing the biometric 

characters l ik e  root length, root diameter, root spread, number

of roots per plant, root y ie ld ,  oil  y ie ld ,  root shoot ratio etc

and also by studying the physico-chem ical properties of oil l ike 

specific g r a v i t y ,  ester value, ester content, acid value, refractive 

index, optical lotation, major chemical constituents etc

The experimental area was located in the main campus

of Kerala Ag ricu ltu ral U n ive rs ity  at 10° 32' N latitude and 76° 10* E

longitude at an altitude of 22 25 m above MSL

The details of the meteorological observations recorded

during the crop period (18 months) are presented in A p p e n d ix -I

The details of materials and techniques adopted during

the course of the investigation are presented hereafter
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3 .1 .  Soil a n alysis

Composite soil samples were taken and used for the deter­

mination of p h ys ic o -c h e m ic a l  p rope rtie s  and the data are given 

below

3 1 1 Mechanical composition

Fraction 

Coarse sand 

F me sand 

Clay 

S i lt

T e x tu ra l  class

Per cent composition 

26 18 

27 10 

36 20 

10 00 

Sandy clay loam

3 1 2 Chemical p roperties

Description of p ro p e rtie s  Values

Organic carbon 0 47%

Procedure adopted 

Robinson International 

Pipette method 

(P i p e r ,  1950)

ISSS system

A v a ila b le  nitrogen

A v a i la b le  phosphorus

0 058%

0 003%

Method employed

Walkley and Black ra p id  
t itra t io n  method 
(Jackson, 1958)

A lk a lin e  permanganate method 
(Subbiah and A s i ja ,  1956)

Chlorostannous reduced 
m o ly b d o p h o s p h o n c  blue colour 
method in h y d r o c h lo r ic  acid 
system (Jackson 1958)

A v a i la b le  potassium 0 003% Flame photom etry, neutral 
normal ammonium <■ Fate 
extraction  ( lackson, 1958)



Soil reaction (p H )  5 4 Soil water suspension
of 1 2 5 (Jackson, 1958)

E le c tr ic a l  co n d u ctiv ity  0 35 Soil water e xtract of
mmhos/cm 1 2 5 (Jackson, 1958)

3 . 2 .  E xp e rim e n ta l m ateria l

Th e  following f iv e  selections and 4 h y b r i d s  of v e t iv e r  

were re ce ived  from National Bureau of Plant Genetic Resources, 

IARI Campus, New Delhi namely NC 66403, NC 66404, NC 66406, 

NC 66415, NC 66416 (5 s e le ct io n s),  h y b r i d  7, h y b r i d  8 and h y b r i d  

26 (3 h y b r i d s )  and ODV-3 a local v a r ie ty  collected from Nilambur

and maintained at AMPRS, Odakkali was used as control The eight 

entries were compared w ith  the ODV-3 using a randomised block

design with four replications

Th e  experim ental f ie ld  was th oroughly  ploughed 4-5 times 

to get a uniform soil condition Four blocks were made m the 

experim ental area Th e  size  of each p lot was 4 x 5 m (G ro ss) 

3 6 x 4 m (N et)

Inorganic f e r t i l i z e r s  alone was used for the crop F e r t i l i z e r s  

used m  th is  experiment were urea (46 per cent N) super 

phosphate (16 per cent ancl murinfc of Potash (60 per cent

K^O) Th e  fe r t i l i z e r s  were a pp lied  at the rate of 60 30 30 kg N,



and K^O per hectare re s p e c tiv e ly  Half of the f e r t i l i z e r  dose 

was a p p lie d  during planting, I ,  2 months after planting and remain­

ing i ,  8 months after planting

3 . 3 .  Pedegree of th e  experim e ntal m a te ria ls

T  reatments

Hyb 7

Hyb 8

Hyb 26

NC 66403 
NC 66404 
NC 66406 
NC 66415 
NC 66416

Pedigree 

39-1 x 48-2 

39-1 x 48-2 

55-2 x 35-5

From Pusa, New Delhi

Collections made from B h aratpur -  Bayana, 
Bharatpur -  Sewar, B haratpur -  Agra and Roophas 
highw a ys adjoining the unprotected re serve  forests 
in B haratpur d is t r ic t  of Rajasthan

ODV-3 -  Collection fi om Nilam bur (maintained at AMPRS, O d a k k a li)

3 . 4 .  Planting

S lip s  of 6-10 cm length were planted on 9 -6 -8 9  at the 

rate of 3 s l ip s  per hole 5 -8  cm deep at a spacing of 45 x 30 cm 

Th e  soil around the s l ip s  were pressed f irm ly  and le ve lle d  Gap

f i l l in g  was done after 3 weeks

P e rio d ica l  weeding was done during the f i r s t  4 months 

By th is  time the shoot portion had attained sufficient growth to 

cover the soil m  between the h i l l s ,  w hich smother the weed
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growth How ever, weeds in between the b locks were removed after 

e ve ry  3 months

3 . 5 .  H a rve stin g

Harvesting was done after eighteen months of planting, 

before the onset of monsoon, since ha rve sting  roots during ra iny 

season might reduce the oil y ie ld  co n side rably

Th e  soil  around the h i l ls  was moistened before digging 

started Shoot portions were cut uniform ly  at 10 cm above the 

so il  surface and were tagged a cco rd in gly  Th e  roots were dug by 

using p ic k -a x e  and long th ic k  iron rods T h e  soil around the h i l ls  

was loosened by few stu rd y  strokes Th e  clumps were then uprooted 

w ith  clodes of soil adhering to it  T h e  clods of earth were 

separated from the roots with hoe handle A l l  observations of roots 

were taken after thorough washing It  was then d r ie d  and bundled

3 . 6 .  C h a ra cte rs  stu die d

Observations were taken from f iv e  plants at random marked 

out from each re plicatio n  for each treatment, after leaving the 

border plants Th e  follow ing characters were chosen for study

in the present investigation



3 6 1 Shoot weight

Shoot weights of f iv e  observation plants were taken 

separately on d r y  weight basis i  e after d ry in g  m  sunlight for 

3 days f i r s t  and then d ry in g  in hot a i r  oven, at 70-80°C

3 6 2  Root length

Length of r oot from the base of the clumps to the t ip  

of the roots was measured and recorded in centimeters

3 6 3  Root spread

Root spread was taken by spreading the side roots to the 

maximum to both sides and measured the entire  length from one 

side to other in centimeters

3.6  4 Root diameter

Diameter of root was taken (basal portion of root, 1 cm 

away from the clump was used for taking the same) on an average 

using v e rn ie r  c a l ip e r^  and recorded m  m illim eters

3 6 5 Number of roots per plant

Number of roots produced per plant were counted and

recorded
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Root yie lds  of a ll plants were taken on d ry  weight basis 

after d ry in g  m sunlight for 3 days For confirmation d ry ing  in

hot a ir  oven at 70-80°C was also done The root y ie ld  per hectare

was then calculated

3 .6 .7  Shoot root ratio

Shoot root ratio  was obtained by taking the root and shoot 

weights separately from each plant F iv e  observation plants from 

each replication were considered for getting the same.

3 6 8  O il  y ie ld

Oil y ie ld  was estimated by taking 3 samples from each

replication and d is t il l in g  100 g d ry  root, for 8 hours continuously 

The  oil percentage in m i l l i l i t r e  was then converted into l itre s  per 

hectare by m ultiply ing the oil y ie ld  per kilogram of root with

the total root y ie ld  per hectare

3 . 7 .  P h ysico -ch e m ica l p ro p e rtie s  of the o il

The samples obtained from each treatment was examined

for a ll  important physical and chemical parameters by standard

analytical procedures The  oil collected was analysed by 

G a s-L iq u id  Chromatograph also

3 6 6  Root y ield
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P h y s ic a l  p ro p e rtie s  such as s p e cif ic  g ra v ity  and re fra c tive  

index were determined by the methods p re scr ibe d  by Guenther

(1950) and Indian Standard Institution, IS 326

3 7 2 Chemical constituents and chemical p rope rtie s

Gas l iq u id  chrom atographic a nalysis  of the oil  obtained

from a ll  treatments was conducted by using Sigma make FID , Gas

chromatograph of Dev Arom atics, Cochin Th e  c a r r i e r  gas used

2
was Nitrogen (2 4 kg/cm ) and Hydrogen as burning gas (1 2

2
kg/cm ) ,  column material used was 10% SE30, oven temperature

200°C and FID temperature 250°C

Volume of the sample used was 0 7 p i  Th e  quantity of 

the mam components v i z  , v e t iv e r o l ,  ve tiverone  and terpenes were 

identified  by comparing th e i r  retention times with those of the 

authentic reference sample

3 . 8 .  S ta tis tic a l a n alysis

Th e  data pertaining to the d ifferent b iom etric  characters 

were recorded and tabulated These data were subjected to analysis 

of variance (Panse and Sukhatme, 1967)

3 7 1 P h ys ic a l  propert ies



3 9 Pot c u ltu re  experim ent

In order  to compare the performance and to formulate a 

d e s c r ip t iv e  b l n k  for r i c h  u lt iy a r  u d i r  st d^ e tive r  tvp< s

v iz  h y b r i d  / t y t r r d  8 h y b r i d  26 (3 h y b r id s )  NC 66403 N(

66404, NC 6641 NC L< >16 (5 seJt tions) ODV-3 and Kaipamanqalim 

were raised in concrete pots of 40 cm diameter and 50 cm height 

Kaipamangalam was used in the study since it was the most common 

type of v e t iv e r  cu lt ivated on a Large scaLe in the coastal belt 

of T r ic h u r  One plant from one treatment was grown in each pot

Plants were harvested after 18 months Dry root (100 g each) was 

d is t i l le d  in c l r v  r qe r ipparatus for 8 hours t ass tt il

y ie ld  Obsorvatior son eqetative and f lo ra l  char act rs were o d d  

as detailed below

3 9 I Shoot characters

3 9 1 1  Plant height Length from the base of the culm to the 

t ip  of the terminal leaflets was recorded for f iv e  t i l le r s  from 

each pot and the average was worked out

3 9 1 2  Leaf length From the total number of f ive  t i l le rs  (selected 

at random) the total length of leaves was t iken and tne mean for

each tiller and that again for each leaf was calculated
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3 9 1 3 Leaf  w i d t h  Wi dt h of h a v e s  ( mi d d l e  po t i cn ct  leaf \here

the w idth is maximum) was r e c o r d e d  for  five t i l l e r s  and the

average was a r r iv e d  at

3 9 1 4  Tet minal leaflet length Length of t e r m i n i  leaflets of

f iv e  t i l le r s  of each entry was taken and the mean value was

wor kc d out

3 9 1 5  Leaf colour Colour of the leaves from each entry was

noticed

3 9 1 6  Leaf shape Shape of leaves was observed and classified

3 . 9 . 1 . 7  Number of leaves per t i l l e r  Tota l number of leaves m

5 t i l le rs  were taken and the average number of leaves in each

t i l l e r  was recorded

3 9 1 8  Internodal length Length of the t h i r d  internode from the

base of 5 t i l l e r s  was taken and mean value was calculated

3 9 1 9  Number of no d e s/til le r  Number of nodes of 5 t i l le r s  was

counted and the mean number worked out

3 9 1 10 Number of t i l le rs / c lu m p  Total number of t i l le r s  of each

entry was t a k e i  and r e c o r d e d

3 9 1 11 Shoot w e i j h t  ( D r y  w e i g h t )  SI oot vei qht s  we re t i KPn

and expressed m  grams
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3 9 2 Rcot r M  i r t t r s

3 9 2 1 Root  le n g th  A v e r a g e  le ngt h  of r o o t s  f c r  e i  o n t r v  '/as

measured

3 9 2 2 Root  s p r e a d  Root s p r e a d  was take n  for each entr  v ( I t

i s  the  m a x i m u m  s p r e a d  of the  ro o ts  to b ot h  s i d e s  f r om  the c l u m p )

3 9 }  1 Root  d n m c l c  Ro t d i amo t  r  \ i=  t i t e a  s tt th i  V r oss

of ro ot  m e  c e n t i m e t e r  a w a y  f r om  the  c l  imp b^ u s in g  v e r n i e r  

c a l i p e r s  M ea s u r e m e n t  f r om  10 r o o t s  w e r e  take n  and a v e r a g e  vas 

a r r i v e d  at

3 9 2 4 Num ber of ro o ts  Num ber of roots  fo r  each e n try  was

counted and r e c o rd e d

3 9 2 5 Root w e ig h t ( D r y  w e ig h t )  Root w e ig h t  fb r  each e n try

was taken and e x p re s s e d  in grams

3 9 2 6 Root co lo u r  C o lo u r  of root was o b s e rv e d  and c la s s if ie d

a c c o rd in g ly

3 9 2 7 Shoot root r a t io  T h e  shoot ro o t r a t io  on d r y  w e igh t basis

was w o rk e d  out
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3 9 3  F l o r a l  c h a r a c t e r s

3 9 3 1 P a ni c l e  col our  Colour of p a n i c l e  was i b s e r v n d  for  each

en t r y

3 9 3 2 Panicle length Panicle length from 5 t i l le r s  was taken 

and the average was recor ded

3 9 3 3 Pedunc le length Average penduncle length was calculated

3 9 3 4 I pn^th cf r a c h i l l o  Length af ten r i c h i l l a  ( frorr mi d d l e

portion of r a c h i s )  of each pani c l e  was taken and aver age l ength

was worked out from panciles of f iv e  ti l le r  s selected at rardom

3 9 3 5 Number of w horls  of bran ch e s/ra ch illa  Total number of

w ho rls/p a nic le  of f iv e  t i l le r s  was taken and average number of 

w h orls/pa nic le  in each t i l l e r  was calculated

3 9 3 6 S p ike let  num ber/ra chilla  Number of spik e lets  was counted 

for ten ra ch il la e /p a n ic le  selected at random from each t i l le r  and 

average was worked out from 5 t i l le rs

3 9 3 7 Length of sp ik e lets  Length of both ses3i le  and pedicellate

spike lets  were taken Ten sp ik e lets  were observed per panicle

of each t i l l e r  Average value was a r r iv e d  at after observing the 

character in f iv e  t i l le rs
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3 9 3 8 D a ys  to fl w t n r q  Nurrh r  of dav  fak r

f lo w e rin g  was re co rd e d  for each entry

3 9 4 O i l  percentage

Oi l  |_tr tntai fc v i s  a l c ul  i tcd taki  j ] a

each p r t r y  anci d i s t i l l i n g  100 g lr y ro t far 8 t ir on tin

f i r  t

c f rvi

si  v
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R ES U LTS

4 . 1 .  B io m e tric  c h a ra cte rs

O b se rva tio n s  taken for f ie ld  e xpe rim e nt were subjected

to o ta t is t ic a l  a n a lys is  and the re su lts  are presented below

4 1 1 Shoot w eight (p e r  p lant)

From the T a b le  1 i t  could be seen that th ere  was s i g n i f i ­

cant d ifference  in shoot weight among the treatments It ranged 

from 256 250 g to 401 6 7 c g Maximum value was obtained m ODV-3 

(401 675) and minimum valae lr NC 66404 (z, C 250) H y b r id  8

re corde d  the see aid hig hest (181 063) f c l l o \ e d  t v  NC (6403

( 3 2 5 0 6 3 ) ,  NC 66416 ( 2 8 8 6 8 8 ) ,  h y b r i d  7 ( 2 8 6 6 8 8 )  h y b r i d  26

(285 063) ,  NC 66406 (281 563) and NC 66415 (274 563)

4 1 2 Rrot length

Root length  of tt e t y p e s  otucJie i r i n j e d  f r  rt 2 4 n-

to 44 18 cm Th e  entr^ NC 66406 had the sh ortest oot (27 450)

and O D V -3  had the longest root (44 181) fo llow ed by h y b r i d  8

(41 258) ,  h y b r i d  7 ( 37 551 ) NC 66404 (33 836) ,  h y b r i d  26

(31 656) ,  NC 66416 (31 405) ,  NC 66^10 (31 156) and NC 66403

(31 100) T h e  data showed s ign ifica nt d iffere nce  for the cha racter  

( T a b le  1)



P la te  1 A v i e w  of th e  v e t i v e r  c r o p  m  th e  f ie ld
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4 1 3 Root spread

T r o m  the result  i t  could be een that there wa1- significant 

d if ference in root sp read among the treatments Root spread v a r ie d  

from 4b 68/ cm to 76 488 cm ( T a b l e  1) Minimum value was reco rd e d  

m  NC 66406 (46 681) and maximum m  ODV-3  ( /6 488) The other

treatments were m  the ser ies  as fo llows

H y b r i d  8 (73 5 26) ,  h y b r i d  7 (66 564) ,  NC 66404 (58 368) ,

h y b r i d  26 (54 995 ) ,  NC 66416 (54 9 61) ,  NC 66403 ( c4 748) and

NC 66415 (53 0)

4 1 4  Root diameters

Root diameter  v a r i e d  from 1 26 mm to 1 65 mm ( T a b l e  1) 

NC 66416 had the maximum root diameter  (1 65) and ODV-3  had 

the minimum root d iameter (1 26) T h e  other  treatments were m  

the o r d e r  as fo llows

NC 66403 (1 5 8 5 ) ,  NC 66404 (1 528) ,  NC 66415 (1 465) ,

h y b r i d  7 (1 4 6b) ,  h y b r i d  26 (1 388) ,  NC 66406 (1 348) and h y b r i d

8 (1 300)

4 1 5  Number of roots

The  data showed that O D V- 3  was s ignif icant ly  su per ior  

to a l l  oth er  treatments ( T a b l e  1) T h e  number of root had a range
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of 142 688 to 289 863 T h e  minimum number was in NC 66404 

(142.688)  and maximum in ODV-3  (289 863) T h e  number of roots 

m  other  treatments were H y b r i d  8 (223 688) h y b r i d  7 (198 813) 

NC 66403 (184 813) ,  NC 66406 (181 5 0 ) ,  h y b r i d  26 (169 188),  NC

66416 (164 063) and NC 66415 (156 813)

4 1 6 Root weight  ( p e r  h i l l )

T h e  data showed that  there  was s ignif icant  d if ference m  

root weight  of the dif ferent  treatments under  study ( T a b l e  1) The 

range was from 43 285 g to 75 093 g NC 66404 r e co rd e d  the minimum 

root weight of 43 285 g and ODV-3  r e co r d e d  the maximum of 75 091 g 

T h i s  was fol lo we d by h y b r i d  8 (64 3 ) ,  NC 66403 (56 4 7 ) ,  NC 66416 

( 5 3 2 0 5 ) ,  h y b r i d  7 ( 5 2 6 3 2 ) ,  NC 66406 ( 5 0 9 8 3 ) ,  NC 66415 ( 4 9 0 2 7 )  

and h y b r i d  26 (45 83)

4 1 7 Root y i e l d  ( p e r  hectare)

T h e  per  hectare  root y i e l d  var led from 1 70 tonnes to 

4 9 tonnes ( T a b l e  1) Maximum y i e l d  was reco rd e d  in ODV-3  (4 9) 

and minimum in NC 66415 (1 7)  The oth er  treatments v i z  , NC

66404, NC 66416, h y b r i d  26, NC 66463, NC 66406 and h y b r i d  7 

had the values 2 43, 2 93,  3 33, 3 55, 3 68, 3 48 and 4 42 r es pec t ­

i v e l y



4 1 8 Shoot root rdt io

Shoot root r a t o  mean values ranged from 5 362 ( O D V - 3 )

to 6 263 ( h y b r i d  26) ( f a b l e  1) Stat i st ic al  anal ysi s  showed that 

there  was no s ignificant  d if ference among the treatment^ The 

values in thr a s c e r d i n ^  order were 5 421 (NC 66416) c 4 5 

( h y b r i d  7 ) ,  5 53o (NC 66 0 6 ) ,  5 598 (NC 66415) 5 /65 (NC 66403)

5 930 (NC 66404) and 5 955 ( h y b r i d  8)

4 1 9 Oi l  percentage ( p e r  100 g d r y  root)

From the T a b l e  ( T a b l r  1) i t  could be seen that NC 66404 

(0 745) was s i g n if ic a nt ly  superior to al l  other  treatments The 

minimum was obtained in O D V- 3  (0 227) and other  values in the 

ascending o r d e r  were h y b r i d  26 (0 27) h y b r i d  7 (0 308) NC 66406 

( 0 3 6 8 ) ,  NC 66416 ( 0 4 0 8 ) ,  h y b r i d  8 ( 0 5 0 5 ) ,  NC 66403 ( 0 5 5 8 )

and NC 66404 (0 633)

4 1 10 O i l  y i e l d  ( p e r  hectare)

Per hectare  o i l  y i e l d  ranged from 8 85 l i t r e s  to 22 63 

( T a b l e  1) T h e  maximum oi l  y i e l d  was reco rd e d  m  h y b r i d  8 and 

the minimum in h y b r i d  26 T h e  other  values were in between these 

two,  v i z  , 11 15 ( O D V - 3 ) ,  11 50 ( h y b r i d  7 ) ,  11 95 (NC 66416) ,

12 60 (NC 66415) ,  13 60 (NC 66406) ,  15 03 (NC 66404) and 19 67

(NC 66403)



T a b l e  1 O b s e r v a t i o n  on the b i o m e t r i c  c h a r a c t e r s *

Shoot Root Root Root Num ber  Root Root S h o o t -  O i l  O i l
we ig h t  len gth  s p r e a d  d ia m e t e r  of ro o ts  w e ig h t  y i e l d  p er  root  p e r c e n t -  y i e l d

( 9 )  (g) ( c m )  ( c m )  p e r  he c ta re  r a t i o  age p er
p lan t  ( t / h a )  (%)  hectare
( g )  (1/ha)

H y b  7 286 688 37 551 66 564 1 425 198 813 52 633 3 78 D 475 0 308 11.50

H y b  8 381 063 41 258 73 526 1 300 223 688 64 300 4 42 5 955 0 50S 2 2 .6 3

H y b  26 285 063 31 656 54 995 1 388 169 188 45 830 3 33 6 262 0 270 8 . 8 5

NC 66403 325 063 31 100 54 748 1 585 184 813 56 470 3 55 5 765 0 558 19.67

NC 66404 256 250 33 836 58 368 1 528 142 688 43 285 2 43 5 930 0 633 15.03

NC 66406 281 563 27 450 46 681 1 348 181 500 50 983 3 68 5 535 0 368 13.60

NC 66415 274 063 31 156 53 000 1 465 156 813 49 027 1 70 5 598 0 745 12.60

NC 66415 288 688 31 405 54 961 1 650 164 063 53 205 2 93 5 428 0 408 11.95

OD V-3 401 675 44 181 76 488 1 260 289 863 75 093 4 90 5 362 0 227 11.15

SEm + 24 9538 0 6234 1 0677 0 0106 W 4963 1 7187 0 6765 0 5141 0 0368 1 76Ct

CD (0 05) 51 5047 1 2868 2 2037 0 0218 29 9204 3 5474 0 3643 NS 0 0760 3 6417

* F i e l d  e x p e r im e nt



The data pertaining to the phy si c o- c h e mi c a l  properties 

of the o i l  are presented m Tables  4 and 5

4 .2  P h y s ic a l p ro p e rtie s

4 2 1 Refractive Index

Refractive index ranged from 1 517 11 1 524 (T a b l e  7)

The highest v a l je  was observed in NC 66415 M 52434) and the

lowest in h y b r i d  7 (1 51/56)

4 2 2 Specific  g r a v i ty

T he  data showed that NC 66416 had the highest value 

(0 9995) and ODV 3 had the lowest value (0 92468 (T a b l e  2)

4 2 3 Opt ical  rotation

Highest value of laevo rotation was ob c rv ed  in NC 66416 

( - 7 5 )  and the lowest in h y b r i d  7 ( - 4 8 )  ODV-3 had d e xt r o - r o ta to r y  

o i l  (a 18)

4 . 3 .  Chem ical p ro p e rtie s  

4 3 1 Acid  v alue

Acid  value ranged from 15 26 to 38 47 ( T a b l e  3) Maximum

acid value was obtained in h y b r i d  8 (38 47) and the minimum was

in NC 66416 (15 26)



T a b l e  2 P n y s i c a l  p r o p e r t i e s  ot oil

P r o p e rt ie s H , b  7 H y b  8 H yb  26 NC 66403 NC 66404 NC 6o406 NC 66415 NC 66416 O D V - 3

Re fra ct i ve
Index

1 0 1 7 % 1 0.834 1 51784 1 52034 1 52384 1 02134 1 52434 1 02334 1 ^2034

Spec if ic  
g r a v i t  v

0 9840 0 97o8 0 9469 0 9994 0 9989 0 9990 0 9982 0 9995 0 92468

O p ti c al
rotat ion

-48 - 5 8 -53 -72 -71 -68 -65 -75 + 18

'Mean value



T a b l e  3 Chemical  pr ope rt ies  of oi l*

P ro pe rt ies Hyb 7 H y b  8 H y b  26 NC 66403 NC o6404 NC 66406 NC 6641o NC 66416 O D V - 3

Ac id  vaiue 35 82 38 47 31 U 34 97 36 78 26 008 23 42 1 o 26 ?7 08

Ester  value 47 14 42 86 43 16 42 09 no 56 50 48 48 49 42 6o - 3  01

Ester
c^n^ent

18 48 16 80 16 92 16 50 9 82 19 79 19 01 16 72 16 86

Total
v e t i v e r o l

68 69 73 35 73 89 70 41 75 o3 76 76 76 03 78 49 73 0 1

* Mean ue



4 3 2  Ester  content

Ester content had a range from 16 50 to 19 82 ( T a b l e  3) 

Highest values of 19 82 was recorded in NC 66404 and the lowest 

in NC 66403

4 3 3 T ste r  value

In the case of ester content, NC 66404 had the maximum 

value (50 56) and NC 66403 had the minimum (42 09) ( T a b l e  3)

4 3 4 Total  ve t i v e r o l  obtained by chemical analysis

Total  v e t i v e r o l  content was the highest in NC 66416 (78 40) 

and lowest in h y b r i d  7 (68 69) ( T a b l e  3) The  other  values in

the ascending order  were NC 66403 (70 41) ODV-3 (73 01 ) h y b r i d

8 (76 0 6 ) ,  NC 66404 (76 63)

4 . 4 .  Free  v e t iv e ro l,  ve tive ro n e  and terpenes obtained by GLC

a n a lys is

4 4 1 Vet iverol

The maximum value was obtained in ODV-3 (57 67) and

the minimum in h y b r i d  7 (35 67) ( T a b l e  4)

4 4 2  Vetiverone

Vetiverone content va r ied  from 35 34 ( O D V- 3 )  to 55 50

( h y b r i d  8) ( T a b l e  4)



T a b l e  4 M a jo r  con st i tue nt s  of v e t i v e r  o i l  ( d e t e r m i n e d  b y  G L C )

C o n s t i t u e n t H y b  7 H y b  8 H y b  26 NC 66403 NC 66404 NC 66406 NC 66415 NC 66416 O D V - 3

V e t iv e r o l 35 67 37 85 41 06 51 30 46 69 45 38 45 86 51 09 o7 67

V e tiv e ro n e 53 02 55 50 52 83 39 11 48 94 51 38 50 27 46 40 3^ 34

Te rp e n e s 11 ^8 6 64 6 08 9 50 4 32 3 20 3 85 2 50 6 58

C 1



Terpene content was the maximum in h y b r i d  7 (11 28) and

minimum in NC 66416 (2 50) ( T a b l e  4)

4 . 5 .  M orph o lo gica l ch a ra cte rs  of v e t iv e r  typ e s  o b se rve d  in pot 

cu ltu re  experim ent is  fu rn ish e d  below :

4 5 1 Shoot characters

4 5 1 1  Plant height

The different types of ve t i v e r  e xh ib i te d  difference in the 

character  It ranged from 121 cm (NC 66415) to 176 cm (OD V-3 )

4 5 1 2  Leaf length

With respect to leaf length the maximum value was obtained 

m  ODV 3 and minimum in NC 66415 Leaf length va r ied  from 67 cm to 

102 cm

4 5 1 3  Leaf width

The values va r ied  from 5 mm to 10 mm The  highest value 

was observed m  ODV-3 (10 mm) and lowest value in h y b r i d  8 (5 mm)

4 5 1 4  Terminal  leaflet length

Terminal  leaflet length ranged from 38 rm to 82 cm ODV-3 

had the longest terminal  leaflet and NC 66415 had the shortest



4 5 1 5  Leaf colour

T h e r e  was no v a r i e t a l  d if ference for th is  chara cte r  and 

hence t h is  is not fur n ish e d  in the table  T h e  leaf colour  was pale 

green in a l l  the cul t ivar s

4 5 1 6  Leaf shape

Since there  was no v a r ie ta l  d i f ference for  leaf shape,  no 

data were presented It was o b se rv ed  that leaf b 'ades were l i nea r ,  

acute,  r i g i d  and f i rm

4 5 1 7  Number of l e a v e o / t i l l e r

OD V-3  produced t i l l e r s  wi th  maximum number of leaves

(10)  and minimum of 8 leaves was r e co r d e d  >n NC 66403, NC 6640*" 

and h y b r i d  8

4 5 1 8  Internodal  length

Internodal  Length was the highe st  in OD V-3  (13 cm) and 

it  was the lowest  in NC 6b415 (8 cm)

4 5 1 9  Number of nodes per  t i l l e r

Highest number of nodes was r e co rd e d  in OD V-3  (12)  and 

the lowest in NC 66415 NC 66416, h y b r i d  7 and h y b r i d  8 (8)



u  o

4 5 1 10 Number of t i l l e r s  per clump

T h e r e  was ( on s id e r a b l e  d i f ference among the entries  with 

respect to the number of t i l l e r s  OD V-3  had the maximum number 

of t i l l e r s  (179)  and NC 66404 had the minimum (72)

4 5 1 11 Shoot weight ( d r y  weight )

OD V-3  had the maximum shoot weight (416 g) and NC 66404 

had the minimum (262 g)

4 5 2  Root char act ers

4 5 2 1  Root length

Root length was found to v a r y  w i d e l y  among the different

typ es  I t  ranged from 27 5 cm (NC 66406) to 53 cm ( O D V - 3 )  The

maximum root length in f i e l d  grown cr op  was only 44 18 cm m

ODV-3  Minimum length was almost the same in NC 66406 both in 

f ie ld  and pot conditions

4 5 2 2  Root spread

Root spread was maximum in O D V- 3  (81 5 cm) and minimum

in NC 66406 (59 5 cm) Under  f ie l d  condition  the maximum root

spread was in ODV 3 (76 488 cm) and the minimum in NC 66404

(46 681 cm)



4 5 2 3 Root diameter

Root d iameter  was the highest in NC 66403 and NC 66416

(1 6 mm) and lowest in  hybt  id 7, h y b r i d  8 and ODV-3  (1 2 mm) 

T h e  values d id  not show much va r ia t i o n  from that of f ie ld

condition

4 5 2 4 Number of roots

Wide va r ia t i o n  was noticed in number of roots among the

selected ty p e s ODV-3 stood f i r s t  w it h  301 roots and NC 66404

was the laot with  140 ro ots ,  whereas the values for  the same

under f ie ld  condition  were  289 863 and 142 688 r e s p e c t i v e l y

4 5 2 5 Root weight  ( d r y  weig ht )

Root weight was found to be the maximum m  OD V-3  (96 g) 

and minimum in NC 66404 (32 5 g)  T h e  maximum root weight in

f i e l d  grown crop  was 75 093 g in OD V-3  and the minimum was

43 285 g in NC 66404

4 5 2 6 Root colour

Root colour  was creamy w h it e  in South Indian c u l t i v a r s

(ODV 3, Kaipamangalam) w h i l e  it was l i g h t  brown and deep brown

in h y b r i d s  and Not th Indian c u l t i v a r s  r e s p e c t i v e l y
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4 5 2 7 Shoot root rat io

Tho shoot root ra t io  on d r y  weight  ba>is was the maximum

for NC 6b404 (6 2) and minimum for NC 66406 (3 2) The other

types showed rat ic s  cf 4 9 ( h y b r i d  7, h y b r i d  8 NC 66415) 5 2

( h y b r i d  2 6 ) ,  4 5 (NC 66403) ,  4 7 (NC 66416 and Kaipamangalam)

and 4 3 ( O D V - 3 )  T h e  shoot root rat io  was the maximum for h y b r i d

26 (6 263) and minimum in ODV-3  (5 362) under f ie ld  condition

4 5 3  F l o r a l  characters

Most of the f l o r a l  chara cters  showed no difference among 

the selected typ es  H o w e ve r ,  obse rvat ion s  revea led  that panicles 

were n a r r o w ,  w h o r l e d ,  sp ik e le ts  in p ai r s  n a rr o w ,  acute,

appressed and awnless One s p ik e l e t  was sessile  and h e r m a p h r o d i t e , 

some what f lattened l a t e r a l l y ,  wi t h  s h o rt  sh ar p  spines,  3 stamens 

arid 2 plumose c tigmao, and the other  p e d i c e l l e d  and staminate

4 5 3 1  Panic le  colour

Panicle colour  appeared to be a d is t in c t  v a r ie ta l  character

m  v e t i v e r  ODV 3 had panic le  of l i g h t  green colour  and NC 66403

and NC 66404 had p u r p le  colour T h e  oth er  types e x h i b i t e d  colour

w hi ch were b lendings of green and p u r p l e  colours at d if ferent

intensities
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53

4 5 3 2  Panicle length

From the result  it could be seen that the different 

c ul t iv a r s  e x h ib i t e d  wide variat ion  with i eference to panicle length 

Maximum length was obtained in ODV-3 (93 5 '■'m) and minimum in 

NC 66403 (62 cm)

4 5 3 3  Peduncle length

Peduncle length ranged from 40 cm (NC 66403) to 60 cm

( OUV-3)

4 5 3 4  Length of r a ch i l l a

With respect to the length of r a c h i l l a ,  the maximum value 

was recorded by h y b r i d  8 and NC 66404 ( 1 1 7  cm) eventhouqh

the average value for h y b r i d s  and national collections were low

South Indian c ul t iv a r s  Kaipamangalam and ODV-3 had values 8 6

cm and 8 2 cm r e s p e c t i v e l y ,  which were comparat ively  higher  than 

the average values of the North Indian c ul t iv a r s

4 5 3 5 Number of whorls of branches/panicle

No significant difference was observed for th is character 

between the North Indian and South Indian c ul t iv a r s  Number of

whor ls was the lowest in h y b r i d  7 ( 10) ^nd high st m N( 66404

and ODV-3 (14)



4 5 3 6 Number of s p ik e le ts /r a c hi l l a

Maximum number of spikelets  was recorded in NC 66404

(11)  and minimum in NC 66403, NC 66415 and h y b r i d  26 with eight 

spikelets  each

4 5 3 7  Length of spikelet

H y b r i d  7, NC 66415 and NC 66406 had the longest 

spikelets  The  values for sessile and pedicel late  spikelets  were 

4 5 mm and 6 7 mm r e sp e c t i ve ly

4 5 3 8 Days to flowering

Number cf days taken for f lowering  was the maximum in 

NC 66406 (197) and the minimum in ODV-3 (136)

4 . 6 .  O il percentage

Highest oi l  percentage was recorded in h y b r i d  8, NC 66404 

and NC 66415 (0 4%) and the lowest in h y b r i d  26, Kaipamangalam

and ODV-3 (0 1%) The oi l  percentage in other accessions were 

0 2% ( h y b r i d  7 ) ,  0 3% (NC 66403, NC 66406 and NC 66416) In f ield 

grown c r o p ,  the highest o i l  percentage was obtained m  NC 66404 

(0 745%) and the lowest in ODV-3 (0 227%)
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D e s c r i p t i v e  B la n k

A d e s c r i p t i v e  blank has been p r e p a re d  for V e t i v e r  Th e  

mater ia ls used for the study  have been d e sc r i b e d  and c l as sif ied  

by using the same A c r i t i c a l  study of the d e s c r i p t i v e  blank shows 

that the national col lections  h y b r i d s  and South Indian types can 

be d is t i n g ui sh e d  by using the root c ha ra ct er s  and quanti ty and 

q u a l i t y  of o i l  No other  vegetat ive  c ha r a ct er  can be projeted as 

one by w h ic h the plant can be ide nt i f ie d

D e s c r i p to r s  and

1 Accession No

2 De sc r i pt io n  of source 
of c o l l e c t i o n

3 Acq u is i t i on  date

4 Botanical  name

D e s c r i p to r  States

Number denotes the indegenous 

accession number g iven at the 

headqua rte rs  of NBPOR

Or ig in a l  Source of col lection

1 NBPGR New Delhi

2 AMPRS,  Od a k ka l i

3 AICRP on M & AP KAU

Date on w h ic h the o r ig in al  c o l l e c t ­

ion is made

A March 1988 

B August 1988 

C A p r i l  1988

Botanical  name

V e t i v e r i a  z i z a m o id e s  ( L in n  ) Nash



Other  names

Local name

Pedigree

W i ld / c u l t i v a te d

F a mi ly

Duration of the

Names by wh ich  the plant was 
known e a r l i e r  -

Andropogon m u n c at us  (Retz  )

Andropogon squarrosus ( L in n  )

Names by w h ic h the plant is known 

in local languages

Sanscri t  Usheera,  Veeranam, Amaranalam

Hindi  Khus,  Khusbena

Bengali  Khaskhas

Gujarat i  Valo

Maharashtra  Vala

Telugu Veti  Vel lu  V e t t i - v c r u

T a m il  V e t t iv e r

Malayalam Ramacham

Kannada Lava nchi

Engl ish Cuscus grass

Pedigree as g iven in the reco rd s  

of NBPGR

Denotes the hab itat  of the plant 

Wi ld ( w ) ,  C u l t iv a te d  ( c )

F a m i ly  to w h ic h the species belong 

-  Gramineae

op 16-20 months

Leaf colour Leaf colour is the same for all  

entries Pale green



12 Leaf shape

13 Terminal  Leaflet length

14 Leaf length

15 Leaf width

16 Number of leaves per 
t i l l e r

17 Number of t i l l e r s  per 
clump

18 Height of plant

19 Internodal  length

20 Number of nodes per 
t i l l e r

r"' O  o

Leaf shape is l inear  in a l l  entries

Measurement of length of the terminal 

leaves taken from 5 t i l l e r s  and 

th ei r  average given in cm

Length of lamina taken from 5 t i l lers  

and th ei r  average given in cm

Measurement of width  at the broadest 

point on the same leaves of 5 t i l l e r s  

and th e i r  average given m  mm.

Average number of leaves in each 

t i l l e r

Number of t i l l e r s  in each clump

Measurement of the distance from 

the base of culm to the tip of 

terminal leaflet for 5 t i l l e r s  and 

thei r  average represented in cm.

Measurement of the length of the 

4th internode from the top of 5 

t i l l e r s  and t h e i r  average represented 

in cm

Number of nodes in 5 t i l l e r s  and 

t h e i r  a v e i  a g e  i s  g i v e n

21 Colour of root Colour of root is depicted as creamy 

white ( C W) ,  L ight brown ( L B)  and 

Dark brown (OB)



22 Root length

23. Root spread

24 Root diameter

25 Number of roots

25 Root weight

27 Shoot weight

28 Shoot root ratio

29 Days to f lowering

30 Panicle length

31 Panicle colour

<r*

Average length of roots represented 

in cm

Maximum spread of roots tc both 

sides from the lump represented 

in cm

Diameter of root,  1 cm away from 

the clump taken for 10 roots and 

thei r  average given in mm

Number of roots per clump

Root weight per clump represented 

in grams

Shoot weight per plant represented 

in grams

Shoot root ratio calculated for each 

entry

Number of days taken for 1st flowering

Measurement of length of panicle 

taken from 5 t i l l e r s  and th ei r

average given in cm

Panicle colour is represented as 

L ight  p ur p le  ( L P ) ,  Deep purple

( D P ) ,  Deep Green (DG)  and Green 

Purple  ( G P ) )

32 Peduncle length Measurement of length of peduncle 

taken from panicles of 5 t i l le r s  

and th ei r  average given in cm



33 Length of ra ch i l l a Average length of 10 ra chi l l ae  taken 

and represented in cm

34 Length of sessile 
spikelets

35 length  of pedicel late 
spikelet

36. Number of spikelets 
per r a c h i l l a

Length of 10 sessile spikelets  m 

each panicle of 5 t i l l e r s  taken 

and the average is g iven in mm

Length of 10 pedicel late spikelets 

in each panicle of 5 t i l l e r s  taken 

and the average given in mm.

Averaqe number of ^pikelets from 

10 r a c h i l l ae  and that again for 

5 t i l l e r s  taken

37 Number of whor ls  of 
branches per ra c h i l l a

Average number of whor ls  of branches 

per panicle of 5 t i l l e r s

38 Seed set A l l  entries were found to produce 

seeds

39 Commercial  use Based on the purpose for which 

the plant is ut i l ised it is grouped 

as that for roots (R)  and that 

for oi l  ( 0 )

40 Oil  content Percentage of oi l  in ml per 100 g 

d r y  root

P hy sic o- che m ica l  propei ties of oil

41 Refractive  index High (H)  -  1 5

Low ( L )  -  \1 5



L i t /

42 Specif ic g r a v i t y  High (H)  -  - >1 0

Medium ( M ) -  90-  99

Low ( L )  -  0 90

43 Opt ical  rotation High L ae v o -r ot at o ry  ( HL)  -  ~60

Medium L ae vo- ro tat or y  ( ML)  -  AO- 60

Low Lae vo -r ot at o ry  ( L L )  -  <" 40

High De x tr o - r o ta to r y  (HD)  -  /" +60

Medium De xt r o - r o ta to r y  (MD) -  +4 0 - +60
/ +

Low De x tr o - r o ta to r y  ( LD)  -  \  40

44 Acid value Very Low ( V L )  -  21-25

Low ( L )  -  26-30

Medium (M)  -  31-35

High (H)  -  36-40

45 Ester value Low ( L )  -  26-35

Medium (M)  16 45

High (H)  46-55

Very High ( VH)  -  56-65

46 Ester content Low ( L j  -  11-15

Medium (M) -  16-20

High (H)  -  21- 25

47 Total  v e t i v e r o l  Low ( L )  -  50-59

Medium (M) -  60-69

High (H)  -  70-79

Very High ( VH)  -  80-89

48 Vetiverone Low -  26-15

Medium -  36-45

High -  46-55

Very High -  56-65



49 Vetiverol

«7

Very Low ( VL )  -  35-39

Low ( L )  -  40-44

Medium (M)  -  45-49

High (H)  -  50-54

Very High ( V H ) -  55-59

50 Terpene Low ( L )  -  1-5

Medium (M)  -  6-10

High (H)  -  11-15
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8 0

8 0

7 7

9 0

c 2

8 o

8 0

12 o

10 2

Contd

C A T A L O G U E

B

B

B

B

7 8 13 14 15 16 17 18

39-1 x 48-2  of C 59 5 87 5 6 2 9 2 114 153 0

39-1 x 48-2 C 61 5 76 3 5 3 8 9 132 150 6

55-2 x 35-o C 58 1 73 2 7 2 9 1 105 142 5

Selection from 
B h a r a tp u r

vv 51 2 72 5 8 1 8 2 108 139 8

y w 69 6 71 0 7 1 9 2 72 154 0

y  y vv 48 5 73 1 7 0 8 5 128 135 0

y  y w 38 5 67 8 8 3 8 2 102 121 2

y y w 68 2 82 2 7 2 9 0 108 145 4

Selection from 
Ni la mbu r

c 82 0 102 5 10 5 10 0 179 176 0

Co l lec t ion  from c 46 0 73 0 9 1 Q 5 122 152 0
Kai pamangalam,
I r i c h u r  D i s t r i c t
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D ISCUSSIO N

The results on the evaluation of selections and h y b r i d s  

of v e t iv e r  based on the Biometric characters  as well  as the quantity 

and qual i ty  of o i l  are b r i e f l y  discussed in the fol lowinq pages

5 .1 .  B iom etric  characters

Among the morphological  characters the main items of 

observations v i z  , root length,  root diameter ,  number of roots,  

root spread and root y i e l d  have been studied thoroughly under 

both f ie ld  and pot conditions

5 1 1 Root length

Root length is one of the most important y i e l d  characters 

in vet iver  In the present investigation maximum i oot lenqth was 

obtained in South Indian e n tr y ,  OD V-3,  which  was significant ly  

super ior  to that of the h y b r i d s  and national collections A 

comparison on the root length of h y b r i d s  and national collections 

showed that h y b r i d s  were better in the production of longer roots 

than national collections Out of the 3 h y b r i d s  used in the study 

h y b r i d  8 was found to be the best fol lowed by h y b r i d  7 and 

h y b r i d  26 Among the national collections NC 66406 was found to
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have the shortest  roots However,  the root length of national 

collections in the present study (27 45 to 33 84 cm) was more

compared to its performance at Delhi ,  reported by Sethi et  ̂ cil̂  

(1986) who had obtained on an average 23-27 cm long roots in 

national col lections The  var iation in root length in the present 

ctudy might be due to the changes in soil  and c l imat ic  factors

Hence with respect to the root length the ord er  of preference 

should be South Indians,  h y b r i d s  and national collections The

result  also envisaged the need for f urt her  production of h y b r i d s  

invo lv ing  South Indian entry l i ke  ODV-3 as one of the parents,  

thereby incorporat ing  the desirable  characters of the South Indian 

types with that of the North Indian type into a single h y b r i d

5 1 2 Root spread

With respect to the root sprea d,  the maximum spread was 

seen in OD V- 3 ,  a South Indian typ e ,  which was significant ly

super ior  to that of the other  entries As in the case of root 

length,  th is was followed by h y b r i d s  and national collections in 

performance From the result  it is ev ident  that the roots were 

not only longer but also had sufficient spread especial ly  in the

upper  25-50 cm depth of soi l  This  is in ornpansor with the 

findings of Chandra et_ al_ (1966) who had shown that tne maximum 

dense growth of the root was seen in the uppei layers  of soil



and as the depth increased the growth as wel l  as the penetration

decreased

The results fur ther  indicated the growth of roots to all  

sides,  which  ensures a h igher  production Moreover ,  the profuse 

branching may help in binding soil  together,  thereby  acting as

a b a r r i e r  against soil  erosion Hence, i t  is inferred that ODV-3 

may be considered as a good v e t iv e r  type  for planting m  areas 

prone to soi l  erosion

6 1 3 Root Diameter

With reference to the root d iameter ,  national collections 

in general,  produced t h ic k e r  roots compared to h y b r i d s  and South 

Indian types ODV-3 which was found super ior  with respect to

all  other root characters ,  produced roots having the lowest diameter.  

These results are in disagreement with the re ports  of Ram anujam  

and Sushi lkumar  (1963) that the North Indian complex p oduce roots 

of lesser diameter compared to the South Indian complex However,

the root diameter in the present study  for national collections 

(1 35 to 1 65 mm) was far below compared to the same at Delhi

reported by Sethi eH al  ̂ (1986) who had obtained root diameter 

va ry ing  from 2 1 to 2 9 mm A decrease in root diameter in the 

present investigat ion might be the r e s u l t  ot  v i r i a t i o r  in  sol) and 

other environmental  factors
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Among the h y b r i d s ,  h y b r i d  7 had roots of maximum diameter 

and the performance of h y b r i d s  on an average was better than

the South Indian en try ,  ODV-3

5 1 4 Number of Roots per h i l l

In the case of number of r o o ts / hi l l  ODV-3 was superior  

to a ll  other  entries Among the h y b r i d s ,  h y b r i d  8 and h y b r i d

7 performed wel l  H y b r i d  26, on the other hand, was not upto 

the level  Out of the 5 national collections used in the study NC

66404 was found to be poor with respect to the number of roots,

wh i le  the other  four types had moderate values Pareek (1989)

had reported a higher number of roots in international collections

of v e t iv e r  at Delhi  S i mi lar  results had also been obtained for

Sethi et_ eU (1986) for national col lections from Bharatpur area

T h i s  difference in the character  might be attr ibuted to the change 

in soil and cl imatic factors existed m  the different experimental

areas

Moreover  a h igher  number of roots reported by Pareek

(1989) might have a r r i v e d  by counting the p r i m a r y ,  secondary

and te r t i a r y  roots,  whereas in the present study p r im ar y  roots

have only been considered
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Y i e l d ,  as we know is a complex character ,  which in v et iv er  

showed significant difference among the different entries ODV-3,  

a South Indian entry was proved to be the highest root producing 

t yp e ,  w h i le  national col lections NC 66416 and NC 66404 were found 

to be poor y i e l d e r s  H y b r i d s ,  as in other root characters showed

good performance here also,  especial ly  h y b r i d  8 The difference 

m  root y i e l d  between the North Indian and South Indian entries 

in the present study is in agreement with the findinqs of

Ramanujam and Sushi lkumar  (1963) that one could tentat ively  recognise 

a North Indian complex characterised by lower root production 

and South Indian complex by larger root production Reddy (1954) ,  

Sambashiva Rao (1964) ,  Chandra et al  ̂ (1966) have also reported 

a s i mi lar  range of root y i e l d s  for the North Indian and South 

Indian complexes A hi gher  root y i e l d  in South Indian types had 

also been reported by Pareek (1989) based on his t r i a ls  on v e t i v e r  

types at New Delh i ,  Faizabad and Indore H y b r i d  B, a promising

h y b r i d  of v e t i v e r ,  which  gave a f a i r l y  high root y i e ld  elsewhere 

( rep or te d by Sethi,  1982, Sethi and Sapra,  1983) was found to 

be super ior  in present study also

The entry ODV 3 produced the highest root y i e ld  It also 

had the highest  root length,  root spread and number of roots 

So it  may be concluded that all  these root characters might have

5 1 5 Root y ie ld



contr ibuted for the h i g he r  root y i e l d  in th is  entry  H y b r i d  8 and

7 p e r f o r m  d I e l !r r  th in the other  h y b r i d  and national col lections

5 1 6 Shoot weight

From the results it could be seen that there  was s i g n i f i ­

cant d if ference for the c ha ra ct er  among the dif fer en t  entr ies In

the present study the same has been reco rd ed  in o r d e r  to get the 

shoot root ra t i o  of the dif ferent  entr ies

5 1 7 Shoot root rat io

St a t i st i ca l  ina lysis  showed that there  was no significant 

d if ference among the entries under study T h e  ra t i o ,  ho w eve r ,  

is in agreement with  the shoot root ra t io  r e po r te d  by Sethi  et 

al_ (198/') for  h y b r i d  8

5 .2 .  O i l  e stim ation  and q u a l i t y  assessment

T h e  v e t i v e r  roots ,  on d i s t i l l a t i o n  y i e l d s  a th ick  mobi le

fragrant  essent ial  o i l ,  havi ng  a large demand in the p er fu m e ry ,  

cosmetics and agarbatti  ind u str ie s  Th e  oi l  of v e t i v e r  is a perfume 

by i t se l f ,  besides it has an excel lent f i x a t i v e  p r o p e r t y  for other 

fragrance for  which  it is commonly used in the i nd u st ry  At 

present a large part  of demand of th is  o i l  in the t rade is met 

by  d i s t i l l a t i o n  of w i l d  growing mater ia l  in n o r th - w e s te r n  parts
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of India whereas cul t ivat ion  exist  over  scattered small  holdings 

in states of Kerala,  Karnataka,  Andhra  Pradesh and Tamil  Nadu

m  the South India It is wi dely  known that o i l  originating from 

Rajasthan and parts of Uttar  Pradesh in the North-Western India

is dif ferent in oi l  content of roots,  its qual i ty  and odour value

from the ones cul t ivated in the peninsular India

In the present study  a comparison of the quantity and

qual i ty  of oi l  have been made both by chemical methods and also 

by  using gas l i q u i d  chromatogram and the results obtained are

discussed in the fol lowing pages

5.2 1 Oi l  y i e ld

From the results it could be seen that the quantity of 

oi l  var ied  considerably  between the different types under study 

Maximum oi l  y i e ld  was obtained in national col lections,  NC 66415

was found to be the most promising one with respect to oi l  y i e ld  

having the highest percentage of oi l  (0 745%) Frorr} among the 

3 h y b r i d s  used in the exper iment ,  h y b r i d  8 gave a f a i r l y  good

oi l  y i e ld  w h i l e  h y b r i d  26 was found to be a poor y i e l d e r .  South

Indian entry ODV-3 gave the lowest oi l  percentage These results 

are in disagreement with the e ar l ie r  reports  by Pareek (1989) 

that North Indian types gave a lesser o i l  y i e l d  but of super ior  

qual i ty compared to South Indian types having oi l  wi th a typ ica l



South Indian st y l e  odour ,  wh ich  was considered inf er io r  In the 

present s tu d y,  eventhough a general statement cannot be made based 

on the performance of the single South Indian typ e ,  ODV-3,  the 

same had showed a poor performance in pot condition also.

F u r t h e r ,  Kaipamangalam, another South Indian entry used in the 

pot study was also found to g ive a poor oi l  y i e l d  compared to 

other v e t i v e r  types

T he national col lections,  which  are o r i g i n a l l y ,  selections 

from Bharatpur  gave hi gher  oi l  y i e l d  compared to the ear l i er

reports  on the same by Menon and I t tyachan,  1945, Dhingra,  1969 

and Chandra et_ aj_ , 1966 Maheswan et  ̂ al  ̂ (1986) ,  however,

reported a h igher  percentage of oi l  for national col lections at Delhi

which was more than that obtained for the same in the present

study The  low y ie ld  in oi l  content might p ro b a b l y  be due to 

var iat ion in soi l  and c l imat ic  factors Fu r th e r  the time taken for 

d ist i l l a t i o n  in the present exper iment was standardised as 8 hours

which would have been more in the exper iments at Delhi

Among the national collection NC 66416 had y ielded the

maximum percentage of oi l  w h i le  NC 66404, NC 66403 and NC 66416

were also super ior  in oi l  content H y b r i d s ,  on the other hand,

gave a low y ie ld  compared to the e a r l i e r  reports  by several

workers  (Singh et_ al  ̂ , 1978, Bajpai  et_ al  ̂ , 1979, Sethi and Gupta,

1980, Sethi ,  1982, Sethi et  ̂ al_ , 1981, Gupta et_ al , 1983,

M ahe swa n,  1985 and Puma et  ̂ al_ , 1989)



h y b r i d s  revealed that h y b r i d  8 was super ior  compared to the other

h y b r i d s ,  h y b r i d  7 and h y b r i d  26 It is to be noticed that h y b r i d  

8 which gave a f a i r l y  good root y ie ld  was found good in oi l  y ie l d  

also T h i s  findings are in confi rmity with the e a r l i e r  reports  by 

Singh et  ̂ al_ , 1978, Sethi ,  1982, Sethi and Gupta,  1980 and Maheswan,  

1985 Sethi et  ̂ al  ̂ (1981) had further  confi rmed that h y b r i d  8

retained its su p e r io r i t y  in oi l  content and oi l  y i e l d  even m 

different types of soil

With respect to the oi l  y i e ld  on per hectare basis,  h y b r i d  

8 ranked f i r s t  among the h y b r i d s  and selections since,  the root

y i e l d  per hectare was more in h y b r i d  8 than the other entr ies.  

NC 66416 which was supe r ior  in oi l  content, however ,  could not 

do much with  respect to o i l  y i e l d  per  hectare due to poor root 

y ie ld  per hectare A h ighe r  percentage of oi l  in NC 66416 was

also reported by Pareek (1989)

A comparison of oi l  percentage under f ie ld  and pot

condition has shown that the oil  y ie ld  was ve ry  poor under pot 

condition.  T h i s  could be attr ibuted to the heavy r a m  pre va i led

dur ing the harvest  season which might have caused a reduction 

in the oi l  content Murt i  and Moosad (1949) had reported that a

drop in o i l  content was noticed in th ei r  exper iment due to washing 

out of the oi l  from the underground roots dur ing heavy rains

A comparison of the performance of o i l  y ie ld  among the
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5 2 2 Oi l  qual i ty

It has been observed that the roots of North Indian,  South 

Indian and h y b r i d  types differed considerably  with respect to 

both p h y si c al  and chemical properties  of oi l  as well  as the major

components of oi l  The important p h y si c al  pr oper t ies  considered

in the present study included re fra c t iv e  index,  specif ic  g r a v i ty

and opt ical  rotation w h i le  acid value,  ester value and ester content 

were considered as chemical prop ert ie s  Percentage of major

components in v e t i v e r  o i l  v i z  , v e t i v e r o l ,  vetiverone and terpenes

were estimated by using gas l i q u i d  chromatogram Since v e t i v e r  

oi l  in the market is h i g h l y  adulterated and pure sample is not 

avai la bl e  ISI specification was taken as a standard for the

comparison of the qual i ty  of oi l

5 2 2 1 P h y si c a l  properties  

5 2 2 1 1  Refractive  index

From among the different ph ys ic al  pro pe rt ie s ,  re fract ive

index,  spec if ic  g r a v i t y  and optical  rotation were considered in 

the present study From the results furnished in the Table  2 it 

is evident that refr ac t ive  index of national collection v as s l i gh t l y  

high compared to that of h y b r i d s  The present findings are in 

confi rmity with the results of Gupta et_ £1̂  , 1983, Maheswari,  1985

and Maheswari  et_ a^ , 1986 A higher  r e fr a c t i v e  index in national
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col lection  might be a tt r ib u te d  to the h i g h e r  v e t i v e r o l  content even-  

though the pattern of increase and decrease w is not ex act ly  

according  to the increase and decrease of v e t i v e r o l  content It was 

also noticed that r e f r a c t i v e  index was h i g he r  in national col lect ions,  

wh ic h  had a low terpene content w h i l e  a low r e f r a c t i v e  index value 

in h y b r i d s  and ODV-3  corresp on ds  to the high terpene content m 

them T h i s  might p r o b a b l y  be the reason for the var i at io n  m

r e f r a c t i v e  index among the different  entr ies  under study It has 

to be f u r th e r  noticed that the differ en t  North Indian,  South Indian 

and h y b r i d  types were ha v i n g  values as per  the ISI  spec if ica t ion,  

t h e r e b y  ensur ing  the better  q u a l i t y  T he se  resu lts  are in conf i rmi ty

w i th  the f ind ing s  of Puran Singh,  1914, Rao et  ̂ £l_ , 1925, Guenther,

1950, Dhingra  et_ al_ , 1952 and Rao et_ al  ̂ , 1963

5 2 2 1 2 O p t i c a l  rotation

From the resu lts  g iven in T a b l e  2 it is e v i d e n t  that there  

is c lear demarcation between the North Indian t y p e s ,  h y b r i d s  and 

South Indian types with  respect  to the opt ic al  a c t i v i t y  of o i l .  

North Indian types had a h i g h e r  values of la ev o -r o ta t i o n  c o m p a r e d  

to the h y b r i d s ,  w h ic h  were more towards the North Indian V e t i v e r  

o i l ,  but had only lower  values The se results  are in agreement

with  the p o ss ib le  range of opt ical  rotation  spec if ied  by ISI NC 

66416 had the maximum value,  w h i l e  h y b r i d  26 had the minimum
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ODV-3,  a South Indian type  was found to have d e x tr o - r o ta to r y  o i l .  

S imi lar  repo rts  were g iven by Rao et_ al_ , 1925, Dingra et_ al_ ,

1952, Anderson,  1970, Maheswari,  1985 and Maheswari  £t_ al_ , 1986

These authors also att r ibuted the better odour value of North 

Indian oi l  as chie f ly  due to the laevo-rotat ion  which in turn 

depended upon a number of other components in the oi l  St i l l

elaborate studies are needed, in order  to find out what exact ly

contr ibute to the change in optical  rotation of the different ve t iv er  

o ils

5 2 2 1 3 Specif ic  g r a v i t y

With reference to the specif ic  g r a v i t y  a h igher  value was 

obtained for national col lections.  T he  South Indian type ODV-3,  

had the lowest value,  thus reveal ing its infer ior  qual i ty  with

respect to specif ic  g r a v i t y  These results are in agreement with 

the reports  of Pareek (1989) that North Indian types gave oi l  of

super ior  qual i ty  wh i le  South Indian mater ial  gave oi l  of infer ior  

qual i ty  Sadgopal (1960) reported best v e t iv e r  oi l  as the one 

having high specif ic  g r a v i t y ,  esters and free alcohols Gupta et_ 

al (1983) have found that the su p e r io r i ty  of oi l  in h y b r i d s  as 

due to the high content of ester ,  free a lcohols and specif ic  g r a v i ty  . 

Vi rmani  and Dutta (1975) have also reported a h igher  specif ic  

g r a v i ty  for oi ls obtained from Bharatpur  and Musanagar A low
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specif ic  g r a v i t y  in h y b r i d s  and ODV-3 might be due to the high

percentage of terpenes S i m i la r l y  in the national collections the

terpene content was found to be lower which might have caused

an increase in the specif ic  g r a v i t y

5 2 2 2 Chemical  properties

5 2 2 2 1 Acid  value

With respect to the acid value a h igher  value was obtained 

in h y b r i d s  compared to that of national collections and South Indian 

type The  ISI specification of acid value for North Indian type

is 40 and that of South Indian is 35 From the result it could

be seen that the oi l  qual i ty  of North Indian type was not good

with  respect to acid vcflue since the values were far beiow the

needed one except for h y b r i d  8 which was somewhat nearer to

40 NC 66404 and h y b r i d  7 had higher  values compared to the

others South Indian type ODV-3 had only a ve ry  low acid value

thus showing the infe r ior  qual i ty  with respect to the above

pro per ty

5 2 2 2 2  Ester  value and Ester  content

Ester  value is also one of the important propert ies  based

on which the qual i ty  of the oi l  is assessed In the present inve st i ­

gation, a h ig her  ester value was obtained for national collection
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compared to h y b r i d s  and ODV-3 However,  the values were in the

range given in IS1 specif ication Among the different entries NC 

66404 and NC 66406 had ve ry  high values revealing  thei r

su p e r io r i t y  with respect to the above p r o p e r ty  Sadgopal (1960)

reported that a high ester content might be the reason for better

qual i ty  in addit ion to few other c r i t e r i a  Gupta et_ al  ̂ (1983)

attr ibuted the high content of esters,  high specif ic  g r a v i t y  and 

free alcohols being the reason for the su p e r io r i ty  of oi l  in 

h y b r i d s  However,  the values in the present study was higher 

compared to the reports  of Rao ed al  ̂ (1925) and Dhingra et_ al^

(1952) on ester values for Indian v e t i v e r  oi ls Guerther  (1972)

opined that the ch a ra ct er is t ic  odour of v e t i v e r  oi l  was due to 

the ester which vet ivenic  acid forms with v p t i v e r o ls  Virmani and 

Dutta (1975) have also confirmed the presence of ve t iv er ol s  and

ve t iv eny l  esters as the cause for the better aroma of Indian

v e t i v e r  oi l

5 2 2 3  Gas chromatography

Gas chromatography showed that most of the selections

and h y b r i d s  including the local va r ie t i es ,  under study possessed 

main components l ike  v e t i v e r o l ,  vetiverone and terpenes The

values of inch ind it < ffects on the qual i ty  of oi l  are b r ie f l y

discussed below
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V e t i v e r o l  content was found to be h i g he r  in national c ol le c t ­

ions compared to that in h y b r i d s  It is the most important 

component in v e t i v e r  oi l  w h ic h  co ntr ibute  to the qu a l i ty  of oil  

e s pe c ia l l y  the better  aroma T he p r i c e  of v e t i v e r  o i l  in the 

commercial  ma rket ,  also v a r y  with  respect  to the v n t i v e r o l  content 

in it Among the national co l l ect ions,  NC 66416 and NC 66403 were 

s u pe r io r  wi th  respect to the v e t i v e r o l  content O D V - 3 ,  a South 

Indian ty p e  also possessed a h ig he r  v e t i v e r o l  content Which was 

in disagreement with  the e a r l i e r  r e p o r t s  by Pareek (1989) ,  that 

South Indian t y p e ,  though showed s u p e r i o r i t y  in oi l  product ion,  

had oil  of in f e r io r  q u a l i t y  V e t i v e r o l ,  being the major component 

contr ibu t ing  to the q u al i t y  of o i l ,  was h i g he r  in OD V-3  T h e  higher  

value might be due to the low percentage of other components in 

the high b o i l in g  point f ra ct i o n ,  w h ic h  could not obtained in the 

present s t u d y ,  since the per io d of d i s t i l l a t i o n  was only upto 8 

hours T h e  percentage of v e t i v e r o l  would have been low,  i f  

d is t i l l a t i o n  was continued for 24-30 hours in the present 

exper iment  Sadgopal (1960) and Gupta et_ aj  ̂ (1983) also repor te d 

the presence of free a lcohol  being the major c o n tr ib u to r  to the 

q u al i t y  of o i l  Dhingra ed al  ̂ , 1952, Anderson,  1970, V i rmani  and

Dutta, 1975 and Maheswari  £t al_ , 1986 have confi rmed the presence

of v e i l  v u  I II i n p  n nl  I l i v e r  ) I

5 2 2 3 1 Veti  ve ro l
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5 2 2 3 4  Tota l  Vetxverol

To ta l  v e t i v e r o l  of the different  entr ies under  study was 

obtained by  chemical  a n al ysi s  A high content of total  v e t i v e r o l  

was ob se rv ed  in national col lections  Among the h y b r i d s ,  h y b r i d  

26 had a h igh total v e t i v e r o l  content OD V-3  had also high total 

v e t i v e r o l  content S i m i l a r  trend on the total v e t i v e r o l  in national 

col lection and h y b r i d s  were repor te d by  Gupta et aj  ̂ , 1983, Sethi

et_ al_ , 1986 and Maheswari  et_ al_ , 1986

5 .3 .  Pot c u ltu re  e xp e rim e nt

In o r d e r  to make a d e s c r i p t i v e  blank (page 6 1  ) several

other  morp holo gica l  c ha ra cte rs  were studied w h ic h were r e st r ic te d  

to the pot condition  only These included both vegetat ive  and 

f lo r al  c h a r a c t e r s ,  the re sul t  of wh ich  had shown that none of the 

morp holo gica l  chara cters  excep t  root c ha ra cte rs  could be projected 

with  w h ic h North Indian,  h y b r i d  and South Indian ty pe s can be 

ide nt i f i ed

A comparison of the differ en t  root c ha ra cte rs  in f ie ld  and 

pot co nd it ion,  in general ,  revea led  that the performance was better  

m  pot condit ion  than in the f ie ld  condit ion  Exce pt ion was seen 

in NC 66404 for number of roots and root y i e l d  Root d iameter ,



on the o th er  hand,  was less than that in f ie ld  condition  except 

for  NC 66404 and NC 66406 Mini  (1989) also had r e po rt e d  a h ighe r  

root y i e l d  for v e t i v e r  under  pot condit ion  Thu s a p r e l i m i n a r y  

conclusion may be drawn from these ob se rv at i on  that the increase 

in performance of the p l ant ,  wi th respect  to the root characters  

in pot condit ion  could be due to the loose column of soi l  a v a i la b l e  

in pot (enables  the easy penetration of roots to deeper l a y e r s )  

w h ic h  was not too much d is t u r b e d  by c l i m a t i c  and soi l  factors 

and also the fav ou rab le  environmental  condit ion  present in the pot

T h e  South Indian entr ies (0D V~3  and Kaipamangalam) showed 

an increase in v igour  both in veg etat iv e  and f lo r al  characters  

In th is  juncture,  it should  be stressed that ,  attention has to be 

given to the South Indian typ es  since they  produce more number 

of roots w h ic h are longer than that of the h y b r i d s  and selections 

Kaipamangalam w h ic h is c ul t iv a te d  on a la r g e r  scale in the coastal 

bel ts  of T n c h u r  in Kerala are more p r e f e r r e d  for  i ts  roots People 

of these area are using the v e t i v e r  roots as such for making fans, 

mats, screens etc and never  go for o i l  ext rac t i on  OD V-3  which 

performed better  than Kaipamangalam can also be added into th is  

category w h ic h  may help  in la rge r  product ion of roots with profuse 

branching and th is  may be a su i table  ty p e  for  the areas where 

v e t i v e r  is c u l t iv a t e d  for root product ion only
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Tn conclusion it  can be seen that by taking into co ns iderat ­

ion the root chara cters  and quanti ty and q u a l i t y  of oi l  together ,  

out ot the 9 entries  under s tu d y ,  h y b r i d  8 can be pronounced as

the one havi ng  high root y i e l d ,  o i l  y i e l d  as well  as q u al i t y  of 

o i l  In a d d i t i o n ,  a consistency in y i e l d  of root and oi l  has also

been noticed in h y b r i d  8 These results  f u r t h e r  envisaged the 

product ion of more h y b r i d s ,  by w h ic h  the dominating odour 

char act ers  of w i l d  v e t i v e r  (N or th  Indi an)  and high oi l  content 

chara cters  of c ul t i va te d  ty p e  (South Indi an)  can be incorporated

Out of the 9 en tr ies  under study  it  was understood that 

NC 66416 had a high content of both v e t i v e r o l s  and ve t iv ero ne ,  

whereas terpene content wa ,  low which turn had caused an increase 

in sp ec if ic  g r a v i t y  Tota l  v e t i v e r o l  was also highest  in th is  e n t r y .  

NC 66403 also pr o ve d  to be s u pe r io r  S i m i la r  res ult s  were re ported 

by Sethi  et_ al  ̂ (1986) based on their studies  at NBPGR, New 

Delhi  With respect to the aroma NC 66416 is again p re f e rr e d  

since the major aroma co ntr ibu t in g  components v e t i v e r o l ,  vet iverone 

etc were h i g he r  in it Mor eo ver ,  i t  has got an oi l  wi th high 

l a e v o - r o t a t i o n , wh ich  i s  p r e f e r r e d  in international  market due to 

the dominant odour  ch a ra cte rs

V e t i v e r  met in India  shows a great v a r ia t i o n  in root y i e l d ,

o i l  percentage and q u a l i t y  of oi l  It is p o ssi bl e  to c u l t iv a te  this
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plant in India at various places Before its large scale cultivation 

is taken up, it is advisable to select the plant with high root 

y i e l d ,  and oil  percentage The quality of oil  which shows great 

variation from plant to plant should also be kept in mind while 

selecting the plants for further multipl ication and clonal 

propagation
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S U M M A R Y

Investigations were undertaken in the Department of A g r i c u l t ­

ural  Botany,  College of Hort icul ture,  Vel lanikkara  dur ing 1989-90 

and 1990-91 season on evaluation of selections and h y b r i d s  of 

v e t i v e r  V e t i v o r n  71/anioidcs (I inn ) Nash T h r  d i f fe re n t  ib ject ives  

were,  (1)  to evaluate the performance of selections and h y b r i d s  

of ve t i v e r  in comparison with the popular  cul t ivated variet ies ,  

(2)  to attempt morphological  evaluation of the avai la bl e  selections 

and h y b r i d s  of v e t i v e r  in the germplasm of AICRP on M and AP 

Project of Vel lanikkara,  in order  to develop a de sc r ip t iv e  blank 

for the c r o p ,  and (3)  to estimate the root and oi l  y ie ld  of these

types along with an assessment of the qu al i t y  of oi l

The results of the exper iment are summarised hereunder.

1 Out of the 9 entries used in the exper iment ,  ODV-3 was found 

super ior  with respect to root characters  v i z  , root length,  root 

spread,  number of roo rt s ,  root weight per plant and root y ie l d

per hectare Root diameter,  on the other hand was the lowest 

in ODV-3 NC 6b416 produced roots with maximum diameter 

H y b r i d  8, a promising v e t i v e r  h y b r i d  was also found superior

with respect to almost all  root characters  except root diameter.

Shoot weight was also higher  m  i t Regarding shoot weight
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per p lant ,  ODV-3 was super ior  to all  other entries However,

shoot root ratio d id  not show any significant difference between 

the different treatments

2 With respect to the oi l  content per 100 g d r y  root national

collections were super ior  to the h y b r i d s  and ODV-3 NC 66415 

had roots with maximum oi l  content and the minimum was in 

ODV-3 H y b r i d  8, also had a h igher  percentage of oil  in its 

root

The trend shown in o i l  content was not the same in oi l  y ie ld  

on a per hectare basis since the root y i e l d  per hectare had 

an influence on it H y b r i d  8 having a good root y i e l d  and oil  

percentage stood f i r s t  wh i le  NC 66415 with highest oi l

percentage could not perform well  because of low root yield/ha

3 The  mean values of phy si cal  and chemical propert ies  also

showed var iat ion  eventhough they were not sta t i st ic a l l y  analysed

due to the lack of sufficient number of oi l  samples in some 

entries National col lections in general,  had higher  values of

c pecific g r a v i t y  re fra c t iv e  index and optical  rotation compared

to the same for h y b r i d s  ODV-3,  the only South Indian type 

used in the study had high r e fr a c t i v e  index,  lowest specif ic  

g r a v i ty  and d e x tr o - r o ta to r y  oi l



With r e gar d  to acid  value,  h y b r i d s  had a h i g he r  value whereas 

the national col lections  had maximum esters  and total v e t iv e r o l  

ODV-3  had low acid  va lue ,  ester value and ester content but

had moderately I l j h  t t i l  v e t i v e r o l  content

T h e  res ult s  of the studies  using Gas L i q u i d  Chromatography

showed that v e t i v e r o l  content in o i l  was the maximum m  ODV-3 

whereas the other  component,  v e t i v e r o n e ,  was the minimum 

Terpene content was also high NC 66416 was found to have 

the best q u al i t y  o i l  since it had high v e t i v e r o l ,  vet iverone 

and low terpenes in it Mor eo ver ,  the r e f r a c t i v e  in d e x ,  specif ic  

g r a v i t y  and opt ical  rotation  were high in it

T h e  ob se rv at io n  on mor pho lo gic al  ch a r a ct e r s  under  pot condition 

rev ea le d  that none of the mo rp hol o gic al  ch a ra cte rs  except root 

c h a r a c t e r s ,  could be pro jec te d as one with  w h ic h  the South 

Indian,  h y b r i d  and North  Indian could be dist in g ui sh e d  South 

Indian types in general  had roots with  maximum length,  spread 

and minimum root diameter  whereas the national col lections had

roots w it h  minimum length,  spread and maximum diameter  Th e

h y b r i d s  in general  had values midw ay  between the South Indian 

and North  Indian types Regarding oi l  content maximum oi l  

percentage was in national col lections  whereas the performance 

of South Indians was found to be v e r y  poor



6 A comparison of the root cha racters  and oi l  content under f ie ld

and pot condition  showed that performance of the entr ies under 

pot condit ion  was better  than in the f ie ld  condit ion  for root 

c h a r a c t e r s ,  in general  A reduction in o i l  content was noticed 

m  pot condition  in almost a l l  entries under study

7 In s h or t  the studies re vea le d the s u p e r i o r i t y  of South Indian 

types w it h  regard  to t h e i r  root g r o w t h ,  root weight  per plant 

and root y i e l d  per hectare  Hence they can be c ul t i v a te d  in 

areas as in Kerala ,  in a commercial  scale where  the roots are 

used as such without  ext rac t i on  of o i l  from i t ,  whereas in 

areas as in North I n d i a ,  where  v e t i v e r  is grown mainly for

oi l  ex tra ct io n  national col lection can be p r e f e r r e d  Among the 

9 entries  evaluated for root y i e l d ,  oi l  y i e l d  and oil  qu al i ty

hybi  id  8 has shown high values for a l l  the above c haracters

Hence it is o b se rv ed that there is scope for improvement of 

v e t i v e r  through h y b r i d i z a t i o n  and select ion C u lt iv a t i on  of 

h y b r i d  8 can be taken up m  areas where  it has not been t r i e d  

so far  since it was found to be the most prom is ing  based on 

the present study
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5 2 2 3 2  Vet iverone

Vet i vero ne is the second most important component in 

v e t i v e r  o i l  Vet iverone content was h i g h e r  in h y b r i d s  compared

to the North  Indian and South Indian entries  Among the h y b r i d s ,

h y b r i d  8 was found su p e r io r  w h i l e  NC 66406 and NC 66415 p e r ­

formed we l l  among the national col lect ions O D V- 3  had the lowest

content of vet iv ero ne  Ac c o r d in g  to Guenther  (1972) the odour of

v e t i v e r  o i l  was c h i e f l y  due to the Ketonic sesquiterpeness of which 

only oC vet ivone and j& vetivone have so far been isolated

Presence of vet iv ero ne s in v e t i v e r  o i l  have also been rep or te d

by Zutshi  and Sadgopal,  1957, Anderson,  1970 and Ashour and 

Moshtohor ,  1980

5 2 2 3 3  Terpenes

Gao L i q u i d  C hr o m at o g ra ph y  studies  have revea led  the

presence of h i g h e r  content of terpenes in h y b r i d s  and South Indian

entry  compared to national col lect ions A low sp e c i f ic  g r a v i t y  in

h y b r i d s  could  be a tt r ib u te d  to the high terpene content w h i l e  the 

low terpenes in national col lections  might  be the reason for high

sp e c i f ic  g r a v i t y  in it South Indian entr y having  a high terpene

content was also found to have a low s p e c i f ic  g r a v i t y
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Total
rainfa
( mm)

784 6
562 0
319 9
180 1
351 3

8 1
0

3 5
0
4 4

38 8
583 9
467 3
759 3
356 4

87 5
313 3

69 8
1 8

a p p e n d ix - i
Mean monthly weather parameters for the crop growth

A i r  tern- A i r  te m p - Rainy Sunshine R e la tiv e  Mean Total 
p eratu re  erature days hours h u m id ity  su n- e va p o -
mean mean (%) shine ration
maximum minimum hours (mm)

°C °C

29 .4 22 7 27

1989

96.7 86 3 2 83 0
29 1 23 3 17 130.2 86 4 2 98 1
29 5 23 1 19 166.8 83 5 4 110 0
29 9 23 1 15 164.3 82 5 5 97 8
31 0 23 0 16 193.2 80 6 2 112 4
82 5 22 7 2 253.9 63 8 5 141 3
32 7 23 2 0 299.5 60 9 7 204 7

33 5 20 8 0

1990

270.3 50 9 0 222 0
34 9 21 9 0 280.7 58 10 0 210 6
36 0 23.8 1 299.5 64 9 7 213 7
35 8 25 4 2 250.2 68 8 3 189 8
31 5 24 1 18 139.1 82 4 5 109 5
29 7 23.3 25 102.0 85 3 4 84 3
28 4 22.5 28 74.8 88 2 4 79 1
29. 0 23.0 22 107.7 85 3..5 90 4
30 7 23.4 8 188.9 79 6 2 101 4
31 9 23.2 12 202.8 70 6 5 109.9
31 2 22.6 3 178.7 74 6 0 101.7
32 3 23.1 0 315.3 59 10 2 184 5
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A B S TR A CT

Investigations on evaluation of selections and h y b r i d s  of 

v e t iv e r  V e t i ve r ia  z izanioides (Linn ) Nash,  were undertaken using 

9 cu l t iv a r s  of v e t i v e r  including 5 national col lections,  3 hybi  ids 

and one South Indian type (OD V-3 )

The  observations on root characters revealed the s u pe r io r i ty  

of ODV-3 in almost a l l  root characters except root diameter National 

collections had roots with maximum diameter H y b r i d  8 was also

found super ior  in root characters

Shoot weight was the highest in ODV-3 No significant

difference was observed among the different treatments with respect 

to shoot root ratio

National col lection,  in general produced highest percentage 

of oi l  per 100 g root especial ly  NC 66415 and NC 66403 whereas 

ODV-3 produced the lowest percentage of o i l .  H y b r i d  8, had

maximum oil  y i e l d  on per hectare basis

Studies on phy si c o- c h e mi c a l  pro per t ie s  revealed that national 

collections had in general high specif ic  g r a v i t y ,  r e fra c t iv e  index 

and optical  rotation Oi l  from national collections was found laevo-  

rotatory  whereas ODV-3 had d e x t r o - r o t a t o r y  oil



Acid value was higher  in h y b r i d s  Ester  content, ester

value and total v e t i v er o l  were higher  in national col lections ODV-3 

also had high total v e t i v e r o l

GLC studies revealed the s u p e r io r i ty  of NC 66416 with

respect to o i l  qual i ty  It  had high v e t i v e r o l ,  vetiverone and low 

terpene content.  Vet i ve ro l  was maximum in ODV-3 but had minimum 

vetiverone in its oi l  H y b r i d  8 was also found super ior  with

maximum vetiverone content and f a i r l y  high content of vet iv ero l  

But terpene content was highe r  it

Results of the exper iment in pots showed that crops had

better performance in pot condition with respect to almost all

characters ,  but for oi l  content

T he  observations on plant morphology indicated no clear-

cut morphological  features employable for exact identi ficat ion of

h y b r i d s ,  North Indian and South Indian types However ,  data on 

root characters  had shown that the South Indian types had m  general 

long roots with maximum number and weight ,  than national

col lections.  Root diameter in South Indian types was less 

Performance of h y b r i d s  was better than national collections




