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INTRODUCTION

Aromatic p lants  have  long been exp lo i ted  for the  essen t ia l  

o i l s  they produce  in many p a r t s  of t h e  t ro p ica l  region. Essential

o i ls  a re  one o f  I n d i a ' s  t r a d i t io n a l  i tems of t r a d e  in both expor ts

and im por ts .  They are ' t h e  most v i t a l  const i tuents  of spices  and

medic inal  plants  and form i n d i s p e n s ib l e  ingredients  of many 

cosmetics ,  perfumery ,  soap and pharmaceutica l  p roduc ts .  In 

cosmetics  essen t ia l  o i l s  a re  mainly r e sp o n s ib le  for f ragrance and 

in sp ices  they a re  the  p r in c ip l e s  which  con tr ibu te  to flavour ,  easy 

d i g e s t i b i l i t y  and sometimes to d u r a b i l i t y  of food. Essential  oils  

in va ry ing  p ropor t ions  d i r e c t l y  en te r  into some perfumery

compounds and flavouring essence .

I n d ia ' s  expor ts  show v a ry in g  t r e n d s ,  expo r ts  of essent ia l  

' o i l s ,  during 1987-'88 being valued at  R s . 159.5 mill ion as against  

R s . 236.9 mill ion during 1986- '87 and R s . 156.6 mill ion in 1985-'86 

(Anon. 1989). At th e  same time India  has also  been importing 

huge quant i t ies  of e s s e n t ia l  o i ls  l i k e  cinnamon bark  and leaf o il s ,  

clove  o i l ,  nutmeg'  o i l ,  p e p p e r  o i l ,  e tc .  and aromatic chemicals 

l ik e  menthol, isoeugenol,  l ina lool,  ge ran io l ,  thymol,  etc.

Clove oil  and cinnamon o i l s  a r e  being imported into India 

mainly for t h e i r  aroma chem ica l ,  eugenol. *

According to t h e  r e p o r t s  on th e  monthly s t a t i s t i c s  of the 

Foreign Trade  of India  1985-‘86 a quan t i ty  of 2,41,440 kg of clove



oil  valued at 11,475.9 thousand rupees  and 6490 kg of cinnamon 

leaf oil  and 1220 kg of cinnamon ba rk  oil  valued at  418.9 thousand 

and 76.1 thousand rupees  r e sp ec t iv e ly  were  imported  in India .  

So was 7186 kg of isoeugenol valued a t  142.7 thousand rupees .

Eugenol is  an important f lavouring agent used in confect

ionary and food p ro d u c ts .  I t  was h i th e r to  obtained from th e  c love 

buds of Eugenia c a r y o p h y l l a t a  containing 80-95 pe r  cent eugenol 

and from leaves  and ba rk  of Cinnamomum zeylanicum containing only 

50 to 80 per  cent eugenol.  These sources  of eugenol a re  highly  

pr iced  and th e re fo re ,  t h e  eugenol obta ined from th e se  sources  is 

ve ry  costly  (Sobti e t  al_., 1979).

The working group on th e  s ta tus  r e p o r t  to National 

Committee on Science and Technology has suggested th a t  aromatic  

chemicals  should be indigenously p roduced .  From time immemorial 

Ocimum species  have been recognised as poten t ia l  source of aroma 

chemicals such as eugenol, c i t r a l ,  geranio l ,  l ina lool,  e tc .

Detailed inves t iga t ions  at the  Regional Research Labora tory ,

Oarnmu, have  shown t h a t  out of the  , many Ocimum spec ies ,  0 .

sanctum and 0 . gra tissimum containing good percentage  of eugenol

can se rve  as new po ten t ia l  sources of eugenol. A new s t ra in  of

0 . gratissimum which y ie ld s  an oil  s im i la r  to t h a t  of c love  oil  
*

was evolved by Sobti  e t  al_. (1980) as a su b s t i tu te  to t h e  eugenol 

yie ld ing essen t ia l  o il s  from t re e s ,  v i z . ,  cinnamon and clove and
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was r ig h t ly  named 'Clocimum'.  This improved s t r a in  was found 

to  contain on an average  70-80 per  cent eugenol which  makes i t

a very  dependab le  a l t e rn a t iv e  source of clove type  o i l  having grea t  

po ten t ia l  not only for import  substi tu tion  of clove oil  of commerce 

but for e x p o r t  also.

Clocimum oil  rep resen ts  an exce l len t  s t a r t in g  m a te r ia l  for

th e  isola tion of eugenol, isoeugenol and for the  sy n th e s i s  of high 

g rad e  van i l l in ,  which toge ther  or in d iv id u a l ly  find im por tant use 

in pharmaceut ica l ,  perfumery  and flavour in d u s t ry .  Bes ides  eugenol,  

the  oil contains 10 to 12 per  cent myrcene which is  a known 

flavouring agent having raw mango f lavou r ,  thus rende r ing  the  o i l  

doubly useful to the  flavour  indus t ry .

Considering the  high cost of production of c love  o i l ,  if 

a s t ra in  of Qcimum spp .  r ich  in eugenol su i tab le  to Kerala home

stead conditions is  id e n t i f i e d ,  th is  p ro b ab ly  can be used as an 

a l t e rn a t iv e  source of eugenol due to i ts  r e l a t iv e ly  easy cu l t iva t ion ,  

d i s t i l l a t io n  and comparable  y ie ld .  Clocimum was thus  in troduced 

to the Aromatic and Medicinal Plants Research Station (AMPRS),

Odakkal i  during 1981- '82 and in i t ia l  s tudies  have  revea led  t h a t  

i t  could be successfu lly  cul t iva ted under the  c l imat ic  conditions

of Kerala. £r

As the  agronomic prac t ices  for clocimum were  not s t a n d a r d 

ised under Kerala condit ions ,  two f ie ld  exper iments  were  la id  out



simultaneous ly  at the AMPRS, Odakkal i  with the  following prime 

o b je c t iv e s .

1) To study the  va r ia t ions  in quanti ty  and quali ty of

clocimum oil  obtained from d i f fe ren t  i n t e rv a l s  of h a r v e s t  of the 

p la n t .

2) To study the  changes in t h e  y ie ld ,  and composition of

o i l  under vary ing shade  “l e v e l s  so as  to dec ide  th e  poss ib i l i ty  

of growing i t  on a commercial  sca le  in the  coconut gardens of 

Kera la .

3) To study the  plant nu t r ien t  content  and i t s  uptake at

d i f f e r en t  h a rv e s t  in te rv a l s  and under  v a ry in g  leve l s  of shade .
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REVIEW OF LITERATURE

Most of the a va i l ab le  l i t e r a tu r e  re la t ing  to the  influence

of stage of ha rv es t  of th e  crop and s h ad e  on oil  y i e l d ,  p h y s ico 

chemical  p ro p e r t i e s  of o i l ,  composition of the  p lan t  and uptake  

of nu tr ien ts  re levant to the  study a re  p re sen ted  in t h i s  c h a p te r .

1. Domestication of Ocimum gratissimum Linn. v a r . Clocimum

In a programme of f inding out a new and cheap subs t i tu te  

for c love  o i l  r ich  in eugenol, an ex ten s iv e  screen ing  of Ocimum 

spec ies  collected from d if ferent p a r t s  of the  wor ld  was ca r r ied  

out by Sobti  et  ̂ aK (1980) at  the  Regional Research  Labora tory  

(RRL), Jammu. Well planned c rossings  of se lec ted  l ine  of 0.  

gra tissimum evolved a s t ra in  with d e s i r a b l e  oil  composi t ion s imi la r  

to t h a t ,  of clove oil and the re fore  was named 'Clocimum' meaning

clove scented Ocimum y ie ld ing  on an average  75 pe r  cent eugenol.

Clocimum was found to come up wel l  under the  agro-c l imat ic

conditions of. Kerala having good re juvenat ion  cap ac i ty  and i t  can 

def in i te ly  be an a l t e rn a t iv e  and p r o f i t a b l e  source  for eugenol 

(Kurian e t  a h , 1984).

2. Soil and clim ate

An equitafi le annual ra infa l l  of 85-130 cm is rep o r ted  to

be the  idea l  for the  p lan t .  I t  is  usual ly  ra i sed  as a ra in fed c rop .

However,  water  logging should be a v o id e d .  1 I t  can be grown In



v a r ied  ty p e s  of soil  but well dra ined  sandy loam soil  is  best

su i ted  for i t s  growth (Balyan ert a l . , 1982).

3. Yield attributes and y ie ld

3 .1 .  Biometric pa ram ete rs

In an exper im en t  to s tudy the  inhe r i tance  p a t te rn  of ce r ta in  

phenolic  and s e s q u i t e rp e n ic  const i tuents  of e ssen t ia l  o i ls  in the

in t e r s p e c i f i c  h y b r id s  of Ocimum sp ec ie s ,  Sobti et_ a l .  (1978) reve

aled  th a t  0 .  gra ti ssimum h a rv es ted  ju s t  a f t e r  10-15 days  of f lower

ing had a plant he igh t  v a ry in g  from 150 to 300 cm with a mean

he igh t  of 240 cm. The s i ze  of the  leaf -b lade  v a r ied  from 5.5 x
2 2 2 2.5 cm to 14.5 x 6.3 cm with a mean value of 9 .8  x 4.4 cm .

A quick and n o n -d e s t ru c t iv e  formula,  L x W x 0.612 for finding

out the  leaf a rea  of Ocimum has been repo r ted  (Balyan, 1981) and

according to which the  ca lcu la ted  leaf a rea  of clocimum plucked
2

randomly a t  var ious  growth stages was 18.781 cm .

An exper im en t  conducted by T r i v e d i  _et̂  a l .  (1981) to study 

th e  performance of d i f f e r en t  v a r i e t i e s  of Ocimum gra tissimum (E.C. 

112811, E.C. 111091 and E.C. 110959) h a rv e s te d  in th e  f i f th  month 

a f te r  p lanting in the  Malwa region of Madhya P rad e sh  revealed 

th a t  the  p lan t  h e igh t  (cm),  average  number of t i l l e r s ,  length of 

in f lorescence  (cm) and length of l eaves  (cm) ranged from 67.6 -

71.2,  48.7 -  62.0,  6.6 -  21.2 and 3.3 -  4.9 r e s p e c t iv e ly .
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The average  p lan t  height  and number of branches  of 0 .

g ra ti ss imum ha rves ted  at  60 days in te rv a l ,  four t imes in a year

v a r i e d  from 63.3 to 98.2 cm and from 18.2 to 57.3 re sp ec t iv e ly  

in t h e  f i r s t  y ea r ,  both the  paramete rs  being the  h ig h e s t  in the

four th  cutt ing (Choudhury and Bordoloi, 1984).

Kurian 'e t^  j h .  (1984) had shown t h a t  clocimum grown under 

Kerala condit ions  had 17.5,  18.6 and 16.7 number of branches  and

plant  h e ig h t s  of 82, 119.4 and 94.7 cm at  fu ll  f lowering s tage  dur ing  

th r e e  h a r v e s t  seasons (Ju ly ,  October and January ) .

Choudhury et_ a l .  (1986) found th a t  the  mean plant he igh t

at d i f f e ren t  h a r v e s t s  of 0 . gratissimum in the  f i r s t  yea r  ranged

from 74.8 to 94.1 cm. The average number of branches  pe r  plant  

v a r ie d  from 30.8 to 57.6.

in a n o t h e r ' exper iment  conducted a t  Jo rh a t ,  Assam to s tudy 

the  influence of micronutr ien ts  and harves t ing  t ime on fol iage and

oil  quali ty  of 0 .  g ra t i s s im um , Choudhury e t  a l .  (1986) repor ted

th a t  the  average  he igh t  of plants showed an increas ing t rend from 

th e  f i r s t  h a r v e s t  (60.3 cm) recorded in June 1982 to the  four th  

h a r v e s t  (114.5 cm) recorded  in A pr i l  1983. The corresponding  

number of branches  were  30.8 and 57.6 r e s p e c t iv e ly .

From the  above re fe rence ,  i t  can be seen t h a t  th e  plant

he igh t ,  number of b ranches ,  length of inf lorescence,  and leaf a rea

va ry  under '  d i f f e ren t  agro-c l imat ic  conditions  and ranges f ro m ’ 60 .3 -

300 cm, 16.7 -  57.6,  6.6 -  21.2 cm and 13.75, -  91.35 cm2 r e s p e c t 
i v e ly .
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3 .2 .  Yield of herbage and oil

In a study conducted to find out a new and cheap subs t i tu te  

for  c love  oil  Sobti et  a l .  (1980) r e p o r te d  t h a t  0 .  gratissimum 

(Race N o . l ) ,  0 .  gratissimum (Race N o .2) and t h e  improved s tra in  

'Clocimum' produced herbage  y ie ld s  of 250, 450 and 700 g /p lant

in one cutt ing and the  corresponding  oil  y i e ld  on f r e s h  weight ba s i s  

were  0.15,  0.08 and 0.5 g r e s p e c t iv e ly .
&

T r iv e d i  e t  ai_. (1981) o b se rv ed  th a t  th e  f r e s h  herbage 

y ie ld  of 0 .  gratissimum (E.C. 112811), 0 .  gra t is s imum (E.C.11109I)

and 0 .  gra tissimum (E.C. 110959) grown under  Malwa conditions of

Madhya P rad e sh  were 643.9,  1025.3 and 383.7 g / p l a n t  respec t ive ly

and the  corresponding oil  y ie ld s  were  29.13, 63.47 and 27.73 1

ha ■*■. The .crop was ha rv es ted  in the  four th  month a f t e r  transplanting.  

A f r e sh  he rb  y ie ld  of 40 t ha year ,   ̂ and o i l  y i e ld  of 160 kg*

ha * for the  improved s t r a in  of 0 .  gra t is s imum (RRL-08) were obser

ved  from th e  s tudies  conducted at  RRL, iJammu (Sobti  and Pushpan- 

gadan, 1982).

Kurian at aL (1984) found t h a t  clocimum h a rv e s te d  at full

f lowering stage gave herbage  y ie ld s  of only 1 .3 ,  7 .3  and 3.2 t

ha and oil y ie ld s  of 9 .1 ,  40.5 and 15.9 kg ha  ̂ re spec t ive ly

in the  f i r s t  ( Ju ly ) ,  second (October) and t h i r d  (January)  ha rv es t  

r e s p e c t iv e ly .
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According to Choudhury and Bordoloi (1986) four cuttings 

p e r  y e a r  could be taken in 0 . gratissimum and th e  h ig h e s t  pooled 

y ie ld  of h e rb  for two years  (71.1 t ha and o i l  y ie ld  (387.2

kg ha w ere  obtained when sown in t h e  month of May followed

by th e  sowing in April  (69.1 t ha * and 376. 1 kg ha *) .

In the- same year  Choudhury et  ̂a l .  (1986) rep o r ted  from

another  s tudy  th a t  the  h e rb  yie ld  and o i l  y ie ld  p e r  p lan tof  0 . g r a t i -

ssimum v a r i e d  between 166 and 213 g and from 0.95 to 1.46 g both

t h e  p a ram e te r s  being the  highest  in t h e  t h i r d  h a r v e s t  among the  

four h a rv es t in g  t imes taken in th e  year  1982-83.

From the  review of the  work done i t  can be seen th a t  the

herbage  y ie ld  in 0 .  gratissimum var ied  between 39.8 and 74.0 t ha-1 

year  * and the  oil y ie lds  between 50.25 and 160.0 kg ha- i  year~*.

The number of ha rves ts  obtained in a y e a r  a lso  showed wide v a r i a t 

ion due to th e  di fferences  in the  agro-c l imat ic  condit ions  and i t  was 

found to va ry  from 2 to 4.

3 .2 .1 .  Effect  of stage of h a rv e s t  on y ie ld  of herbage and oil

The optimum harves t ing  t ime in 0 .  g ra ti ss imum was 10-15

days  af te r  f lowering and the  herbage y ie ld  pe r  plant in one cutt ing 

was 575 g (Sobti d t  al_., 1978).

Balyan et_ al .  (1982) based*, on a  s tudy conducted to find 

out the  optimum stage of ha rv es t  of th e  c rop  a t  f lower  in i t ia t ion ,  

fu ll  f lowering and seed set t ing stages r e p o r t e d  t h a t  maximum herb
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y ie ld  of 590 q ha * was obtained at  f lower in i t ia t ion  which was

o b se rv ed  to dec rea se  w i th  increasing matur i ty  of th e  c rop .  The

h e rb  y ie ld  obta ined at  fu l l  f lowering and seed se tt ing  stages were<
540 and 502 q ha * r e s p e c t i v e l y .

3 .3 .  Oil content

The e ssen t ia l  o i l  content of 0 .  gra tissimum v a r .  Suavis
o

Hook was 0.5 pe r  cent on f r e s h  weight b a s i s ,  w h i le  t h e  oil  content 

on d ry  weight was found to va ry  between 1.8 to 2.0 p e r  cent (Yeh, 

1960 and Sobti  et  ah, 1978).

The two pa ren ta l  s t ra in s  of clocimum v i z . ,  0 .  gratissimum

(Race N o . l ) ,  0 .  g ra ti ss imum (Race No.2) and clocimum were found

to yie ld  0.15,  0.08 and 0 .5  pe r  cent e ssen t ia l  oil r e sp ec t iv e ly  on 

f r e s h  weight basis  (Sobti et  al_., 1980).

In a study to a s s e s s  th e  performance of cer ta in  Ocimum spec ies  

with r e sp ec t  to oil  content under Malwa condit ions of Madhya Pradesh

at Indore ,  T r iv e d i  et^ a l .  (1981) found th a t  the  oil  content on f r e s h

weight bas is  in the  le af ,  in f lorescence  and whole  plant of 0 . g r a t i -  

ssimum (E.C.  112811) was 0.17,  0.13 and 0.068 pe r  cent, of 0 .

gratissimum (E.C. 111091), 0 . 22, 0.23 and 0.093 pe r  cent and of

0 .  gra tissimum (E.C. 110959), 0 .1 8 , ‘ 0.18 and 0.108 per  cent r e s p e c t 

i v e ly .

Choudhury and Bordoloi (1984) had shown t h a t  th e  h ig h e s t  

oil  content in 0 . gra ti ssimum was assoc ia ted  w i th  the second cut t ing
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among the  four cut t ings  taken in the f i r s t  and second y e a r s  (0.64 

and 0.63 pe r  cent r e s p e c t i v e l y ) .  The le as t  oil  content was obtained 

in the  four th  cutt ing  of both the year s  (0.29 and 0.45 pe r  cent 

r e s p e c t i v e l y ) .

The oil  recovery  in clocimum grown under Odakkal i  condi t 

ions was found to be maximum for the  f i r s t  h a r v e s t  taken in duly 

(0 .7  per cent) and the  content  went down in the  nex t  two h a rv e s t s  

taken  in October and danuary (0.55 and 0.5 per  cent r e s p ec t iv e ly )  

on f r e s h  weight  bas is  (Kurian e t  a l . ,  1984).

Oil content in O. gratissimum (2 years)  va ry ing  between 

0.255 and 0.619 per  cent on f re sh  weight basis  has a lso  been reported 

(Choudhury  _et_ j i l . , 1986). All the  h a rv e s t s  were  made at  60 days

i n t e rv a l .

3 .3 .1 .  Effect  of stage of h a r v e s t  on oil content

Based on th e  s tu d ie s  conducted on O. gra tissimum in the  

Nik i t in  Botanical Garden, Knishevetskaya (1940) rep o r ted  t h a t  th e  ' 

t ime of mass blossoming is the  optimum time of h a r v e s t  as the  

vo la t i l e  oil is  contained p r in c ip a l ly  in the  leaves  and blossom.

According to Balyan et  a l .  (1982) th e  o i l  content in 

clocimum was maximum a t  f lower in it ia t ion  and seed se t t ing  s tages
it'

(0 .66 and 0.65 pe r  cent re sp ec t iv e ly )  and the  oil  content went 

down to 0.53 pe r  cent  a t  fu ll  f lowering stage.  They were  of the  

opinion th a t  t h e  h a rv es t in g  of clocimum should be done without
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including the  woody stem portion w h ich  contained only negl igible  

oi l  (0.05 to 0.07 per cen t) ,  a lmost  a l l  oil  being s to red  in the 

leaves .

Review of the  work done so f a r  ind ica ted  tha t  the  oil 

r eco v e ry  in 0 .  gratissimum va r ied  between 0.25 to 0.7 per cent 

on f r e s h  weight basis  t h e  maximum content  being recorded  at  flower 

in i t i a t ion  stages  which decreased  with  inc reas ing  m atur i ty  of the  

c rop .

3 .4 .  Phys ico-chemica l  p ro p e r t i e s  of oil

3 .4 .1 .  Phys ica l  p ro p e r t i e s  of oil

Yeh ( 1960) repor ted  t h a t  t h e  e s se n t ia l  oil of 0.
70gratissimum va r .  Suavis Hook had den s i ty  at  20° C (d ) 0.9989,

70r e f r a c t i v e ’ index at  20°C (n ) 1.5254 and op t ica l  rotation (L )

- 1 7 .8 ° .

0 . gra tissimum grown ■ a t  Bangalore  from seeds  imported

from U .S .S .R. had s l ig h t ly  va ry ing  v a lu e s ,  spec i f ic  g rav i ty  0 . 9395, 

op t ica l  rotation -18° 1 ' .  r e f r a c t iv e  index 1.5132, saponification

value'  15.71 (Anon. 1966).

The oil of clocimum procured  from Kerala  were  found to

have  re f ra c t iv e  index 1.5268, sp ec i f ic  g ra v i ty  of 1.0067 at 30° C

and so luble  in 1.5 vo ls .  of 70 p e r  cent  a lcohol .  The colour of

th e  oil  was observed  to have  more s i m i l a r i t y  to c love  oil  but with

regard  to o the r  p ro p e r t i e s  i t  had more resemblance  to cinnamon leaf 

oil  (Kurian et  a l . ,  1984).
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3 .4 .2 .  Chemical composition of oil

C h i r i s  (1929) de sc r ibed  th a t  o i l s  of 0 .  gra tissimum' Linn, 

d i s t i l l e d  in Madagascar and the  Comoro I s lands  contained ocimene 

12.0%, p o ly te rp en e  compounds and cadinene  3.0%, eugenol 89.0% and 

o the r  pheno ls  with an odour of c re so l  and guaiacol in t ra ces .

The o the r  o i ls  of 0 .  gratissimum L. d i s t i l l e d  in Madagascar 

and th e  Comoros were  found to have th e  following const i tuents  in 

th e  oil  (%): d-c*C -p inene  ( t r a c e s ) ,  ocimene ( 12. 0),  amyl alcohol

( t r a c e s ) ,  l ina lool and te rp ineo l  (3.5 -  3 .8 ) ,  eugenol (62 .5) ,  o ther

phenols  ( t r a c e s ) ,  methyl  chavicol (small  quan t i t i e s ) ,  s e s q u i t e rp e n e s ,  

mainly s trongly laevoro ta to ry  cadinene (1 5 .0 ) ,  po ly te rpenes  (3.0) 

(G l ich i tch  and Naves, 1933).

The gas chromatographic  analys is  of the  e ssen t ia l  oil  of . 

0 .  gra tissimum v a r .  Suavis Hook was found to contain eugenol 62%, 

ocimene 18%, d-L phe l landrene  + L -  cad inene  3% and L -  p e r i l l y l  

alcohol 4% (Yeh, 1960), whereas  0 .  g ra t is s imum grown at  Bangalore
■i

from seeds  imported from U.S.SlR. gave  a da rk  -brown oil  with 

the  odour of c loves .  It contained 61.8% eugenol,  ocimene 15% and 

an unidenti f ied  alcohol 10% (Anon. 1966).

The chromatographic  ana lys is  of th e  leaf  oil of 0 .  gratissimum 

indigenous to Nigeria by Sainsbury  and Sofowora (1371) however 

revea led  more  const i tuents  {%): oC -  pinene ( 2 . 6 ) ,  camphene (4 .0 ) ,  

p -  pinene (0 .6 ) ,  OC -  te rp inene :  carene  (4 .1 ) ,  myrcene ( 1. 4 ),



],  8 cineole  ( 1. 1), C>C - te rp inene  ( 6. 2), -  cymene (16 .2 ) ,

limonene ( 1 .8 ) ,  camphor ( 0 .6 ) ,  l inalool (0 .2 ) ,  OC - t e rp ineo l  (2.4) , 

thymol (4 7 .6 ) ,  me thy l  eugenol (1 .7 ) ,  methyl isoeugenol ( t r a c e ) ,  

ca ryo p h y l len e  ( 2 .1 ) ,  humulene (0 .5 ) ,  p -  selinene (1 .6 ) ,  longifolina 

(3 .0 ) ,  clovene ( t r a c e ) .  Oil from the  flowers  were  found to have 

e ssen t ia l ly  the  same composit ion excep t  th a t  th e  propor tion  of 

camphene was reduced .

Sobti  e t  a l .  (1978) repor ted  th a t  0 .  gra tissimum cult iva ted  

a t  the  Exper im enta l  Medicinal Plants Garden of the  RRL, Jammu 

contained eugenol (70%), isoeugenol (13.9%), 4 - te rp ineo l  +/°  -  cymene 

(8.9%) as the  major const i tuents  in th e  oil when ha rves ted  after  

10-15 days  of f lowering.

The improved s t r a in  of clocimum - grown under Jammu condit

ions had an average  of 75 pe r  cent eugenol content as compared to the 

45 to 65 pe r  cent in the  original  races of 0 .  gratissimum (Race 

No. l )  and 50-80 per  cent in 0 .  gratissimum (Race No. 2) (Sobti 

et a l . , 1980) .

d i  *

Cheng T’ . ^  (1983) studied the  composit ion of leaf,  stem 

and flower oil  from 0 .  gra tissimum L. grown in Taiwan. They could 

identi fy  26 compounds of which the  major compounds repo r ted  . were:
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Compounds Leaf Stem Flower

Eugenol 84.87 17.60 46.11

1,8 - c ineole 2.93 40.20 23.04

C aryophy l lene 3.19 4.18 4.40

OC - T e rp in y l  ace ta te 2.18 2.52 ' 6.34

4 -  Terp ineo l  - 0.50 2.20 0.85

Myrcene 0.02 1.57 -
o-

Limonene 0.02 6.49 -

Ocimene 0.03 1.48 0.03

Methyl eugenol 0.61 1.61 ■ -

Choudhury and Bordoloi (1984) had shown t h a t  the  content 

of eugenol in the  e s se n t i a l  oil  of 0 .  gratissimum grown a t  RRL, 

Jo rha t ,  Assam was maximum (78.1%) in the  . f i r s t  cutt ing of the 

f i r s t  yea r  and then p r o g r e s s i v e ly  decreased" upto th e  fourth cutt ing 

(61.4%). In the  second year  eugenol percentage was h ighes t  in the 

2nd cutt ing (72.7%) w hich  again decreased  (61.4%) at  the-  fourth 

cutt ing.  The oil  of clocimum grown under Odakkali  condit ions and 

ha rve s ted  a t  fu l l  f lowering stage was repor ted  to contain 70 per 

cent eugenol and commented to be as good as t h a t  produced at 

Jammu by the  RRL chemis ts  (Kurian e t  a l . ,  1984).

Gas l iqu id  chrom atograph ic  analys is  of the  essen t ia l  oils£r
of 0 .  gra tissimum ( 2n = 40) h a rv es ted  at  the  flowering s tage  by

Khosla e t  a l . (1985) showed the  presence  of 20 compounds of which
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only fif teen could be id e n t i f i e d .  The e ssen t ia l  oil analysis  revealed 

eugenol as the  major component {68.14%) followed by isoeugenol 

(13.88%) and myrcene (8.87%). The compounds identi f ied  were as
i

follows:

Compounds identi fied  Oil percentage (MFB)*

0C- pinene 0.21

Limonene 0.35

Phe l landrene  0.62

Myrcene 8.87

4- te rp ineoI

o c -  te rp ineo l  0.51

Carveol - 0.43'

Carvone } t j 9

Geranyl ace ta te  ' 1.33

Caryophy Uene 0.16

Eugenol _

Isoeugenol 13.88

Methyl eugenol }t 7^

Methyl isoeugenol 0.93

Caryophy l l ene-ox ide  • 0.89

*MFB = Moisture f r e e  basis

However* oil  of clocimum (0 .  gra ti ssimum RRL-08) obtained 

from RRL, Jammu and r e p o r te d  to contain 70—75 per  cent eugenol
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and 10-15% myrcene on fu r th e r  inves t iga t ion  (GC-MS analys is )  by 

Krishnamoorthy (1985) revealed only 60% eugenol and the major 

monoterpene hydrocarbon was id en t i f ied  as p -  Ocimene and not 

myrcene as repor ted  with strong h e r b a l  and te rpen ic  by-odour and 

subdued sp icy  impact.

Choudhury _et a l .  (1986) r e p o r te d  t h a t  0 .  gra tissimum h a rv e 

sted dur ing the  warmer^ period of th e  year  (June to October) 

recorded  a h igher  eugenol per  cent in t h e  o i l .  Out of the four 

h a r v e s t s  in a year ,  eugenol content inc reased  from the  f i r s t  h a rv e s t  

to second h a rv e s t  and decl ined t h e r e a f t e r  in both the  year s  (1981- 

'83 ) .  The eugenol content ranged from 59.1 to 75.2 pe r  cent.

Maheswari  _et al_. (1988) could iden t i fy  40 compounds in 

clocimum oil cover ing more than 95 p e r  cent composit ion of the 

oil.- In i t ia l  GC s tudies  revealed t h a t  the  oi l  contained mainly 

eugenol (70-80%), and myrcene (10-15%). F u r th e r  invest igations  by 

de ta i led  GC/MS studies  revea led  th e  p re sence  of eugenol (76.24%), 

geranyl ace ta te  + & -cad inene  (3.11%), p -c a ry o p h y l l e n e  (2.64%),

V-cadinene (1.76%); p-elemene (1.49%), oC -copaene (1.55.1), t e r t -  

amorphol (1.25%), ca ry o p h y l len e  4,5 -  ep o x id e  (1.10%) and vani l l in  

(0.90%) in the  essen t ia l  o i l .  The o th e r  compounds identi fied  in 

the oil had contents lower than 0.5 p e r  cent .

In conclusion, i t  was o b se rv ed  t h a t  th e  essen t ia l  oil of 

O* gratissimum e x h ib i ted  r e f r a c t iv e  index ,  s p ec i f ic  g ra v i ty ,  op tical
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ro ta tion  and so lub i l i ty  in 70% alcohol va ry ing  between 1.5132 -

1.5268, 0.9395 - 1.0067, -17.8° to -18.1° and 1.3 -  1.5 vols .

r e s p e c t i v e l y .  As rega rds  the  chemical  composit ion eugenol,  i s o 

eugenol, 4 - te rp ineo l ,  me thy l  eugenol, myrcene,  |} -caryophyl lene  

h ave  been iden t i f ied  as the  major components. The eugenol content 

v a r i e d  between’ 60-80 pe r  cent,  w hereas  the  content of |3 -caryophy-  

l lene ,  myrcene,  4 - te rp in e o l ,  v a r ied  from 0 .1 6 -2 .6 4 ,  0.02-15 and

0 .5 -1 .5 5  pe r  cent r e s p e c t iv e ly .  Besides  the  above components t h i r t y  

o th e r  components have so fa r  been iden t i f ied  in clocimum oi l .

3 .4 .3 .  P h y s ic a l  p ro p e r t i e s  of major components iden t i f ied  in 
clocimum oil

Perk in  (1904) o b se rv ed  t h a t  the  dens i ty  of limonene (D^2^*8^) 

was 1.4727 w hi le  the d e n s i ty ,  r e f r a c t iv e  index and o p t ica l  ac t iv i ty  

a t  20° C for V -cad inene  were  0.9125, 1.5075 and ' 148° r e s p e c t iv e ly .

Goulding and Roberts (1914) repor ted  values  of D15 0.8047, nD20 

1.4722 for myrcene.  Ruzicka et  aL (1939) opined t h a t  the  chemical  

i so la te  eugenol had a spec i f ic  g rav i ty  of 1.068, dens i ty  at 25°C, 

1.0620 and r e f ra c t iv e  index of 1.5439 w hi le  p -c a ry o p h y l l e n e  had 

dens i ty  and r e f rac t iv e  index of 0.9052 and 1.5009 r e s p e c t iv e ly .  

Other  w o rk e rs  have rep o r ted  s imilar  va lues  for th e  p h y s ic a l  const 

ants of eugenol (d^20 1.0664, nD20 1.5410),  p - c a ry o p h y l l e n e  (nD17 

1.5009, d ^ 17 0.9052, { )D15 - 5 . 2 ° ) ,  limonene ( d ^20*85 0.8402,

nD 1.4744), myrcene (nD25 1.4661, .d^ 25 0.7959) and 4- te rp ineo l

( d ^20 0.934, nD20 1.4818, (0C) D20 + 92.45°-) (Anon. 1976).
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3 . 4 . 4 .  Changes in the  chemical consti tuents  of oil  with stage of

growth  of plant  in o ther re la ted  Ocimum spec ies

Dey and Choudhuri  (1981) rep o r ted  th a t  the  d i f f e r e n t  stages 

of th e  r e p ro d u c t iv e  development of th e  plant 0 . sanctum had p r o 

found modulating influence - on the  d i f f e r en t  b io sy n th e t ic  pa thw ays

of secondary  ' chemicals l ike  eugenol and c a r y o p h y l l e n e .  They 

o b s e r v ed  t h a t  eugenol was highest  w i th  th e  onset  of r e p ro d u c t iv e  

ph ase ,  s l i g h t l y  decreased la te r  followed by a sh a rp  fa l l  w ith  the

app ea ran ce  of maximum inflorescence remaining more or l e s s  s t a b l e  

t h e r e a f t e r .  They also observed  th a t  th e  d ecrease  in eugenol content 

was compensated by a concomittant in c rease  in c a r y o p h y l l e n e  upto

the  appearance  of maximum inf lorescence.

Gas chromatography analysis of the  e s se n t ia l  o i l  of 0.  

sanctum revea led  th a t  eugenol, the  p r i n c i p l e  aroma chemica l  showed 

a r e l a t i v e  s t a b i l i t y  between ini t ia t ion of f lower bud (52.4996) to 

fu l l  bloom (53.5396) ' per iod  but showed a sha rp  dec l ine  from ear ly  

seeding (49.2996) to seed maturity stage (36. 1196). T h e re  was c o r r e s 

ponding . gains in caryophyllene .  and unidenti f ied  s e sq u i t e rp e n e  contents 

of th e  oil  (Pareek  et a l . , 1982).'

The gas chromatographic  an a ly s i s  of the  o i ls  from 0 . .  

sanctum conducted by Dey and Choudhuri  (1985) re v e a le d  th a t  t h e r e  

was a negat ive  corre la t ion  between eugenol and c a ry o p h y l l e n e  contents .  

They a lso  found th a t  th e  major components of 0 .  sanctum v iz .  

eugenol and caryophy l lene  varied in .d i f fe ren t  months and the
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q u an t i t a t iv e  va r ia t ion  of each component of the  oil was interdependent 

of each o th e r  though they were  chemica l ly  of d iv e r s e  nature .

4. P h ysico-ch em ical p rop erties of c lo v e  and cinnamon o ils  which  

are th e  other major sources of eugenol

Gas chromatography ana lys is  of the  r e l a t iv e  consti tuents 

of leaf,  stem ba rk  and root  ba rk  o i l s  of cinnamon ( Cinnamomum zey i -  

anicum) grown in Sri  Lanka revea led  t h a t  a l l  t h r e e  possessed the  

same a r r a y  of monoterpene hydrocarbons  though in d i f ferent  p ropor t 

ions .  The main consti tuents  of l e a f - ,  b a r k - ,  and root o il s  were 

iden t i f ied  as eugenol, c innam aldehyde  and camphor re spec t ive ly  

(Wijesekera  et  _al. , 1974).

Lawrence (1977) p roposed  the  following physico-chemical 

p ro p e r t i e s  of the  e ssen t ia l  oil  obtained from clove and cinnamon.

Oil Specific  Specif ic R ef rac t iv e  Solubi l i ty Assay
grav i ty rotat ion index in aqueous 

ethanol

Clove bud 1.036-1.060 Oo •—1 1 1.527 to 1.2 vo ls . ' 85-95%
to' 0° 1.537 70% phenols 

by vol.
Clove leaf 1.038-1.068 - 2° to 1.531 to 1.2 vo ls . 84-88%

0° 1.535 70% phenols 
by vol.

Clove stem 1.048-1,056 -1° 30 1 1.534 to 1.2 vols . 88-95%
to 0° 1.5 384 70% phenol's 

by vol.
Cinnamon 1.030-1.060 - 2° to 1.529 to 1.2 vols . 80 phenols
leaf i r 1.540 70% by vol.
Cinnamon 1.010-1.030 - 2° to •1.573 to 1.3 vols . 55-78%
bark 0° 1.591 70%i

*

aldehydes  
calculated as 
cinnam aid elidet

/
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Rabha et aL (1980) observed  th a t  Cinnamomum zeylanicum 

and 0 . gratissimum which a r e  some of th e  impor tant  essen t ia l  oil  

y ie ld ing  p lan ts  of commercial  value of North Eas tern  India  posse 

ssed 94.5 and 74.6 pe r  cent eugenol in th e  e ssen t ia l  o i l s .

According to the  Centra l  Ins t i tu te  of Medicinal and Aromatic 

Plants r e p o r t s ,  th e  e ssen t ia l  oil  of c love  leaf  p rocured  from Kerala

and examined by gas chromatography was found to contain o^-pinene

0.08%, fl-pinene 0.05%, limonene 0.09%, c a ry o p h y l len e  0.68%, eugenol 

87.20%, eugenol ace ta te  9.43%, eugenol methy l  e th e r  1.10% and 

isoeugenol methyl e the r  1.07% (Anon. 1984).

The cinnamon leaf  oil  procured  again from Kerala was 

iden t i f ied  as a da rk  brown liquid  w i th  r e f r a c t iv e  index at 30° C 

vary ing  b e tw een . 1.5223 to 1.5305, spec i f ic  g rav i ty  a t  30°C vary ing  

between 1.0443 to 1.0680, so lub i l i ty  in 3 volumes of 70 per  cent 

alcohol and eugenol content of not more than 90%. The clove leaf 

oil  had the  p ro p e r t i e s  of being a co lour less  to p a le  yellow liquid  

with r e f ra c t iv e  index and spec i f ic  g ra v i ty  measured a t  30°C va ry ing  

between 1.5270 to 1.5310 and 1.0330 to -1.0430 r e s p e c t i v e l y ,  op t ica l

rotation of 0 to - 2° and eugenol content of not more  than 84 to 

88 per cent (Kurian ^ t  a l . ,  1984).

Zachar ia  and Gopalam (1987) rev iewed th e  s tu d ie s  on clove

and cinnamon and repo r ted  the  following p h y s ico -ch em ica l  p r o p e r t i e s  

and chemical composit ion of c love  buds ,  stem and leaf oil  and of. 

Ceylon cinnamon leaf and ba rk  o i l s .



P hys ico 
chemical ■

Clove Cinnamon

p r o p e r t i e s bud oil stem oil leaf oil leaf oil ba rk  oil

Specific
g rav i ty

1.051 1.050 1.054 1.037 1.023-1.040

Optical
rotat ion

-0° 32' -0° 36 ' - 1° 2 0 ’ -1° 96'  to 
- 0° 40'

S l igh t ly  laevoro ta tc

Ref rac t ive
index

1.5318- 1.5352 1.5379 1.5288 1.581-1.691

Solub i l i ty  in 
7096 alcohol

1 v0l . 1 vol - 1 vol. 1 .5 vo l . 2 to 3 vol.

Eugenol 
content ' .

9196 9196 88.5% ^ 77.3 to 
90.5%

4 to 1096

CheTnical
Composition

Eugenol Eugenol 
Eugenol ace ta te  Eugenol ace ta te  
C aryophy l lene  f i -ca ryophy l lene  
C aryophy l lene  ox ide  Furfura l  
Methyl s a l i c y l a t e  Methyl alcohol 
V a le ra ldehyde  Methylamyl 
Furfury l alcohol Napthalene  
Methyl furfury l 

alcohol
Vanillin

Same as stem oil Dipentene
Phelland rene
Pinene
Linalool
Geraniol
Terp ineo l
Eugenol
Cinnamyl alcohol

Benzyl benzoate ■
Cinnamanol
Fol iol
C aryophy l lene

Furfura l
Phelland  rene
/ ’-Cymene
Benzaldehy de
Cinnamalhyde
Linalool
Eugenol
C aryo p h y l len e  

Cinnamic a l d e h y d e

r o
r o



The major components of Indian c love  bud, stem and leaf 

o i ls  were  a lso iden t i f ied  as eugenol, eugenol ace ta te  and ^ - c a r y o -  

phy l lene  by Gopalakr ishnan and Narayanan (1988).

In comparison with clove and cinnamon o i l s  to which 

clocimum was found to have a lot of s im i la r i t i e s  I t  was o bse rved

th a t  w h i le  the  spec i f ic  g rav i ty  of c love  and cinnamon o i l s  v a r ie d  

between 1.023 -  1.054, the  spec i f ic  g ra v i ty  of clocimum oil  was

very  much less  (0.9395 -  1.0067).  The r e f r a c t i v e  index of

clocimum o i l  was also found to be le s s  when compared  to t h a t

of c love  and cinnamon o i l s .  However, th e  oil  of clocimum e x h ib i t e d

a h ighe r  op t ica l  ac t iv i ty  upto -18.1° when compared to c love  

and cinnamon o i ls  where  the opt ica l  -ro ta tion var ied  between -0.32° 

to -1 .9 6 ° .  The so lub i l i ty  of al l  the  t h r e e  o i ls  in 70 pe r  cent 

alcohol fe ll  within the same range 1.0 -  3 v o l s . ,  though clocimum 

had more resemblance to clove oil  in t h i s  p r o p e r t y .  Regarding

eugenol content clove oil  possessed maximum eugenol (88.5 -  91.096) 

followed by cinnamon leaf o i l .  However,  th e  eugenol content of 

clocimum close ly  matched tha t  of cinnamon leaf oil .

5 . Nutrient content of the plant

Investigat ions  conducted by Balyan et al_. (1988) to s tudy 

the  effec t  of spacing on dry  mat te r  accumulation and up take  of

N, P and K in clocimum revealed  t h a t  th e  to ta l  N, ' P  and K

content of p lants  va r ied  from 0.845 -  0.890, 0.414 -  0.470 and
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1.050 -  1.125 per  cent r e s p e c t iv e ly .  The to ta l  N, P and K uptakes

were  61.66, 33.61 and 82.91 kg ha * year   ̂ r e s p e c t iv e ly .

6. E ffect of shade on y ie ld  attributes and y ie ld  of other shade  

to lerant plants

Prel iminary  s tud ies  conducted at  the  AMPRS, Odakkali ,  have 

shown t h a t  clocimum comes up well  under shaded  condition than

under open condit ions .  No o ther  l i t e r a t u r e  is av a i l ab le  on the

effect  of shade  on t h e  growth, y i e l d ,  qua l i ty  of oi l ,  nutrient

contents and i t s  up take  by clocimum. So e f fec t  of shade  on the  

y ie ld  and qua l i ty  of o i l ,  content and up take  of nutr ien ts  of a few 

o the r  crops  under open and shaded conditions  a re  rev iewed.

6 .1 .  Biometric . pa ram ete rs

Pos i t ive  influence of shading ■•on plant he igh t  was repor ted

in ginger (Aclan and Quisumbing, 1976), cowpea (T ar i la  et a l . ,  

19 77), coleus and sweet potato (Bai and Nair,  1982) groundnut 

(George, .1982), winged bean (Sorenson, 1984) and cassava  

(Ramanujam et_ al_., 198^ and Sreekumari  e t  a l . ,  1988).

Cooper (1969) o b se rv ed  th a t  in the  case  of tomato, shading

e i the r  decreased  or had no effect  on mean stem extension ra te .

In Mentha ' a r v e n s i s , D uriyaprapan  and Brit ten  (1982) fa iled to
a-

•record any' influence of shade  on p lan t  he igh t .
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In genera l ,  the  sh ad e  effect  on branching is found to be 

a d v e r s e .  The response to shade on number of branches produced

per  plant is negat ive as reported in cowpea (T a r i l a  e t  a L , 1977)

and r i c e  (Kemp and Whingwiri,  1980). Duggar (1903) a lso  

e luc ida ted  th a t  plants  under shaded conditions e x h ib i te d  reduced 

number of branches .

In a p p le ,  tomato and many h o r t icu l tu ra l  plants  C lark  (1905) 

rep o r ted  an increase  in to ta l  leaf a rea  with shading .  D ur iyaprapan  

and B r i t ten  (1982) also noticed inc reased  leaf a rea  development 

in shaded Mentha a rv e n s i s  p lants .

However, dec reased  shading or increased l igh t  in tens i ty

resul ted  in g rea te r  leaf a rea  in clove (Beinhar t ,  1963).

6.2.  Yield

Sunlight being the  source of energy for plants  for pho to

sy n th es i s ,  the  ra te  and subsequent d ry  matte r accumulation in 

general a re  found to be ad v e r se ly  affected by shading. But in 

ginger,  coffee,  e tc .  p o s i t i v e  influence was r e p o r t e d .  t i l l  in some 

o ther c rops  l ike  p ineapp le ,  t h e r e  was no a p p re c ia b le  d ec rea se  

in dry  m a t te r  accumulation even upto 75 per  .cent shad ing .

* P o s i t iv e  influence of p a r t i a l  shading on y ie ld  was r e p o r te d

in ginger which gave as much y ie ld  as t h a t  under full  sunlight 

(Aclan and Quisumbing, 1976; Bai, 1981). In c rops  l ik e  tomato,
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tea ,  c h i l l i  and ch ickpea  also pa r t i a l  shading was found benef icia l .

However,  high l ig h t  in tensity  was found to improve blossom,

pod number and seed y ie ld  in cowpea (T a r i l a  e t  a l . ,  1977), black

gram (L ee lav a th i ,  1979) and pu lse  c rops  (George, 1982). In 

turmeric  rh izome yie ld  was- s ignif icant ly  h igher  in the  open than 

under shade  (Ramadasan and Satheesan, 1980). In coleus ,  the  yie ld

of t u b e r s ’ was unaffected by shading (Bai,  1981).

6 .3 .  Effect  of shade  on oil  content

Experiments  on shaded and unshaded p lants  ind ica ted  tha t  

l igh t  favours  formation of oil (Lubimenko and Norvikoff,  1914; 

Rabak, 1916). Balyan et_ jH_. (1982) r e p o r te d  th a t  the  crop 

clocimum came up well  under p a r t i a l l y  shaded  conditions in

Jammu, though the  oil  content was s l ig h t ly  low under shaded

condit ions .  However,  p re l im inary  s tud ies  conducted a t  the  Aromatic 

and Medicinal Plants • Research ' Station,  Odakkal i  have  shown high 

vege ta t ive  .growth and y ie ld  for clocimum under shaded condit ions.  

So the  p re sen t  study was undertaken to s tudy  the  s u i t a b i l i ty  and

a d ap ta b i l i t y  of clocimum in in te rc ropp ing  s i tua t ions  in coconut 

gardens of Kerala.

In genera l ,  even though shad ing  increased  vege ta t ive  growth

of .the p lan ts ,  i t s  influence on y ie ld  and y ie ld  a t t r ib u te s  were

found to be a d v e r se .  Plants va ry  in t h e i r  re sponse  to shade .
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6.4.  Effect  of shade  on nutr ient content

In general ,  the  mineral  nu t r ien t  s ta tus  of p lan ts  have been 

found to improve under shading as in t h e  case  of app le ,  cocoa, 

spinach and tea.  Potassium contents w ere  approx im a te ly  doubled 

by shading  as observed  in some g ra s s  sp ec ie s  (Myhr and Saebo, 

1969), spinach (Cantil if fe,  1972), cowpea and groundnut (George, 

1982). B a i '  (1981) repor ted  th a t  in a l l  the  p lan t  components of 

the d i f fe ren t  crops  v i z . ,  coleus,  co locas ia ,  sweet potato ,  tu rmeric  

and ginger ,  contents of N, P and K inc reased  with  increas ing inten

s i t ie s  of shade .

On the  co n t ra ry ,  nit rogen content was p o s i t iv e ly  re la ted  

to i l lumination leve l s  in soyabean p lan ts  (Trang and Giddens,  

1980). But no d i s t in c t  trend on n u t r i en t  contents  was recorded 

in sweet potato and colocasia  (Bai,  1981) and Dracaena sanderiana  

(Rodriguez et a l . ,  1973).



M-d.teiia.l6 and MetkoJ.6
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MATERIALS AND METHODS

Two sep a ra te  f ie ld  exper iments  were  conducted simul tane

ously in th e  Aromatic and Medicinal Plants Research Station,  

O dakka l i  during 1989- '90.  In these  exper iments  the  growth and 

y ie ld  c h a r a c t e r s  of clocimum (Ocimum gratissimum Linn.)  and i ts  

composit ion as well  as the  quali ty  pa ram ete rs  of the  oil  at 

d i f f e r en t  s tages  of growth of the  crop and under va ry ing  degrees  

of s h a d e  were  studied in de ta i l .

The s ta t ion is s i tua ted  a t  an e leva t ion  of 66 m above MSL 

with  an average  annual ra infa l l  of 3600 mm with around 160 rainy 

d ays  in a y e a r .

The m a te r ia ls  used and methods adopted in the  course  of 

t h e se  inves t iga t ions  are  de sc r ib ed  below.

1. Soil an a lysis

The soil  of the  exper imental  s i t e  was l a t e r i t i c  clay  loam 

with th e  following c h a r a c t e r i s t i c s .

1 .1 .  P a r t i c l e  s ize  d is t r ib u t io n

Coarse  sand 25.6 pe r  cent

Fine sand 2 0 . 2

Sil t 17.6

Clay 33.9
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P l a t e  1. C l o c im u m  p l a n t  in  f u l l  b loom



1 .2 .  Chemical c h a rac te r i s t i c s

Consti tuents Contents Rating

Total  N 0.102 pe r  cent

Tota l  P2O5 0.082 II

Tota l  K20 0.212 IT

Tota l  CaO 0.208 11

Total  MgO 0.085 If

A v a i l a b l e  N 2 74.4 kg ha 1 Medium

A v a i lab l e 3.36 k g . ha * Low

A v a i lab l e  K^O 61.6 kg ha * Low

A v a i lab l e  Fe 245 ppm

Exchangeable  Mn 8 . ppm •

A v a i lab le  Zn 4 ppm

pH (Soil:Water ra tio  
1:2,5)

5.3 Acidic

Organic carbon 0.831 p e r  cent

2 . Season and clim ate

The exper iments  were s ta r ted  in th e  month of May 1989

and continued upto February  1990. The meteoro logical  da ta  for

t h e  above period are  presented  in Fig.  1.

3 . Planting m aterial

Seeds of clocimum, a  po lyc ross  h y b r i d  s t r a i n  developed

a t  the  Regional Research Labora tory ,  .Jammu (P la te  1) and having
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a gei ruination percentage of 82 were  used for the  exper im en ts .  For 

the  n u rse ry ,  seeds  were  sown on th e  12th May, 1989 in pots 

which contained loamy soil  mixed with spent lemongrass compost.

After sowing the  s ee d s ,  a m ix tu re  of the  lemongrass compost and

soil  was th in ly  sp read  over  the  seeds  and then w atered .  BHC

10% was a lso  sp r in k le d  around the  pots to p reven t  the  a ttack

of ants and te rm i te s .  The seeds  of clocimum germinated within
a

8-12 days  of sowing which  a t  4-6 leaf s tage  were used for t r a n s 

planting to th e  main f i e ld .

4. Experimental d eta ils

4 .1 .  T r ia l  No.l

An exper iment was under taken  to  s tudy the  changes in the  

quanti ty and quali ty  of clocimum oil  as influenced by the  maturi ty  

of the  crop and to a r r i v e  a t  the  most s u i tab le  in te rva l  for 

h a rv e s t .  The exper iment  was la id  out in RBD with 4 rep l ica t ions

and f ive  ha rves t ing  in t e r v a l s  namely 60, 75, 90, 105 and 120 days  

as the t rea tm en ts .  After completing th e  f i r s t  h a r v e s t  in a ll  the  

treatment  p lo t s ,  i t  was o b se rv ed  t h a t  the  oil  and eugenol content

were h ighe r  a t  60th day h a r v e s t  i n t e rv a l  which  showed a tendency 

to decline  th e re a f t e r .  The re fo re  an add i t iona l  observat ion  was 

taken on th e  ratoon crop  to  a s s e s s  t h e  phys ico -chem ica l  p r o p e r t 

ies of the  oil  at 40 and 60 d ay s .
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1.1 .  P rep a ra to ry  cu lt iva tion

The exper im enta l ,  f ie ld  was thoroughly  p re p a red  to get

uniform condition and four blocks were  formed each of 5 p lo ts .

Then the  ind iv idua l  plo ts  were  once again dug and l e v e l l e d .  Spent

lemongrass at the  r a te  of 5 t  ha  * was ap p l ie d  before  the  final
2

ploughing. Raised plots  of 5 x 4 m were  p re p a re d  with an in te r 

space  of 1 m between p lo t s .  The N, P and K contents of spent 

lemongrass were 1.13, 0.088 and 1.01 p e r  cent r e s p e c t iv e ly .

4 .1 .2 .  F e r t i l i z e r s  and f e r t i l i z e r  ap p l ica t ion

The f e r t i l i z e r s  used in th i s  exper iment  were urea  (46 per  

cent N), single su p e rp h o sp h a te  (16 p e r  cent P ^ )  and muriate 

of potash (60 p e r  cent K^O). The f e r t i l i z e r s  were  app l ied  a t  the  

ra te  of- 60:60:60 kg N, ^2^5 anc  ̂ K20 / h a  r e s p e c t i v e l y .  Full doses 

of P20<j an<3 K^O and half  dose  of N were  app l ied  as basal  dose.  

The remaining quanti ty of N was a p p l i e d  a f te r  the  f i r s t  uniform 

h a rv e s t  in a ll  p lo ts .

4 .1 .3 .  Planting

Healthy seedlings  at '4-6 leaf  stage were  planted at the  

r a te  of t w o ' seedlings p e r  hole .  Planting of seedl ings  was done 

on 20th June,  1989 at a spacing of 50 x 50 cm. Gap fi l l ing was 

done after 3 weeks.  The crop was r a i s e d  under rainfed condition.



4 . 1 . 4 .  Weeding

Weeds were removed before top d r e s s in g  with N and e a r t h 

ing up was done twice during the  course  of the  e xper im en t .  It 

was done in the months of September and November.

4 .1 .5 .  P lant  protection

The  plant and soil  were d renched  with  ELmlsan-6  at  the  

r a te  of 0.5 per  cent (80 1 pe r  p lo t)  as th e  p lan ts  showed 

symptoms of bacte ria l  w i l t .  This was done on 2nd September 1989. 

Another spraying with S trep tocycl ine  (200 ppm) was c a r r i e d  out 

on 15th September,  1989 to obta in  immediate contro l  of th is  

d i s e a s e .

4 . 1 . 6 .  Harves t

The crop requires  about 3 months for well  es tab l i shm en t  

and if  th e  crop is ha rves ted  before  t h a t  pe r iod  the  morta l i ty  

r a te  would be high. So a uniform h a r v e s t  was made 90 days  af te r  

t r an sp lan t in g  ' with the  onset of ra ins  in September  for a il  the  

tr ea tm ents  and th e rea f te r  the  h a r v e s t s  were  made a t  th e  spec i f ied  

i n t e rv a l s  of 60, 75, 90, 105 and 120 days  as p e r  t rea tm en ts .

The herbage was cut from a l l  the  p lan ts  in th e  plots  

excep t  those  le f t  for collection -o f  p lan t  samples  for chemical 

a n a ly s i s .  The f resh  weight of the he rbage  was reco rd ed  immedia t

ely a f te r  h a rv es t .



The plants  tag-marked  for chemical analys is  were 

sepa ra te ly  ha rves ted  in i t i a l l y  be fo re  the  p lo t -w ise  h a r v e s t .

The essen t ia l  oil  content was de termined by bulk d i s t i l l a t 

ion conducted ■ treatment w ise  in smal l  s t i l l s  of 25 kg capacity  

in s ta l led  for the  exper im en ta l  p u rp o se .  D is t i l la t ion  was ca r r ied  

out for 3? hours .  The o i l  ob ta ined  a f te r  the  d is t i l l a t io n s  was 

fu r th e r  c la r i f ied  to make i t  f r e e  ttof sediments  and water drops  

before  the  quanti ty was measured .  The o i l  from each plo t  was 

measured and kep t  in amber co loured bo t t les  with t ig h t  f i t t ing  

corks  for phys ico -chem ica l  a n a ly s i s .

4 .2 .  Tr ia l  No.II

The ob jec t ive  of the  second exper im en t  was to study the  

changes in the  quanti ty and qua l i ty  of clocimum oil  under vary ing  

degrees  of shade .  The exper im en t  was la id  out in RBD with 5 

rep l ica t ions  and 4 in tens i t i e s  of s h a d e .  The t rea tments  were

Levels of shade

No shade 100 p e r  cent  l igh t

Low shade 25 p e r  cent shade

Medium shade 50 p e r  cent shade

High shade 75 p e r  cent  shade

4 .2 .1 .  P repa ra to ry  cu l t iva t ion  -

The land was p r e p a r e d  as in t r i a l  I.  Raised plots  of 5
2x 4 m were p repa red  and the  p lo ts  s e p a r a t e d  by dis tances  of 1.5m.



Pla te  2. General view of the  shaded plots
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4 .2 .2 .  F e r t i l i z e r  and f e r t i l i z e r  app l ica t io n  

Was done as in t r i a l  I.

4 .2 .3 .  Planting

Seedlings at 4-6 leaf s tage  were  t r ansp lan ted  on 10th Ju ly  

a t  the  ra te  of two seed l ings  pe r  hole .  They were  planted at 50 cm 

spacing accommodating 80 plants  pe r  p lo t .

4 .2 .4 .  Weeding

Weeding was c a r r i e d  out as done in t r i a l  I.

4 .2 .5 .  Provis ion  of shade

A r t i f i c i a l  shading  to th e  d e s i r e d  leve l  was obtained by 

placing unplaited^ coconut leaves  on e re c te d  pandals .

2
Pandals of s ize  5 x 4 m w ere  ind iv idua l ly  erected for 

each shade  level by f ix ing  wooden r e a p e r s  on p o s t s .  Sufficient 

space (1.5 m) was p ro v id e d  between th e  t rea tments  so th a t  mutual 

shading of p lots  was avo ided .  Each pandal  was covered on a ll  

s ides  with coconut le aves  excep t  for 60 - cm from the  ground level  

to avoid the  d i r e c t  en t ry  of s lan t  r a y s .  An Aplab luxmeter was 

used for adjus ting th e  shade  in t e n s i t i e s  approx im ate ly  to the  

des i red  l e v e l s .  (There  were,  how ever ,  v a r ia t io n s  upto a maximum 

leve l  of about 10 pe r  cent a t  d i f f e r e n t  locat ions  with in  a p a n d a l ) . 

Frequent  checks  were made th roughout  th e  c o u r s e ' o f  the  e x p e r i 

ment to maintain the  shade  in tens i t ie s  to th e  d e s i r e d  level  (P la te  2) .
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4 .2 .6 .  Plant protection

Was c a r r i e d  out as in t r i a l  I.

4 .2 .7 .  Harvests

The crop was h a rv e s te d  t rea tm en t-w ise  when 50 per  cent

of p lan ts  were  in fu l l  bloom. Two h a r v e s t s  were  obtained for

the  p lants  in th e  open s ince  the  crop  f lowered e a r l i e r  under open 

condition.  For a l l  o the r  trea tments  only one h a r v e s t  “was obta ined.  

All the  plants  excep t  those  l e f t  for collect ion of plant samples 

were cut from the  f i e ld  at 10-15 cm h e igh t  in t h e  morning. Obser

vations on the  f r e s h  herbage  weight and the  ext ract ion  of

essen t ia l  oil were  c a r r i e d  out as in t r i a l  I.

5. Observations

5.1.  Biometric c h a rac te r s

For recording growth c h a r a c t e r s  such as plant he ight,  

number of branches ,  number of f lowered branches ,  leaf area ,  

length of inflorescence and sp read  of the  p lan t ,  5 plants  were 

marked out from each p lo t  at  random af te r  leaving the  border 

p lants .

5 .1 .1 .  Plant he igh t  .

Height of the  p lan t  from ground leve l  to the. t ip  of the

longest  branch was measured (cm).
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5 .1 .2 .  Total number of b ranches

The to ta l  number of b ranches  in the  obse rva t ion  plants  

was counted and e x p r e s s e d  in numbers .

5 .1 .3 .  Flowered b ranches

The number of branches  t h a t  had flowered at the  t ime 

of h a rv e s t  was re c o rd e d .
o

5 .1 .4 .  Length of in f lo rescence

The length of th e  in f lo rescence  was measured from the  

point of the  in f lo rescence  s t a lk  union on th e  main branches  to 

th e  t ip of the  in f lo rescence .

5 .1 .5 .  Height a t  f i r s t  branching

Height of the  p lan t  from ground leve l  to the  f i r s t  

branching point was measured (cm).

5 .1 .6 .  Spread of the  p lan t

Maximum hor izon ta l  extension of branches  in !he K-S and

E-W direc t ion  was measured  and m u l t ip l ied  to get a measure of
2spread  of the  plant (cm ) .

5 .1 .7 .  Leaf area

From each of th e  o b serva t ion  p lants  a leaf  was se lec ted

and using th e  re la t io n s h ip  between length and wid th  and mean 

area of leaf a co rrec t ion  fac to r  was worked put using the  formula
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EA 

L x W

Where EA is the  a rea  of leaf from leaf a rea  meter

L is the  maximum length of leaf

W is the  maximum w id th  of leaf

Then leaf a rea  was calculated by mul t ip ly ing  the  maximum

length and wid th  of leaves  with the  co r rec t ion  fac to r .

5 .2 .  Yield ch a rac te rs

5 . 2 . 1 .  Herbage y ie ld  pe r  hec ta re  (F re sh  weight  basis)

The herbage y ie ld  from each p lo t  was noted immediately 

a f te r  h a r v e s t  and the  y ie ld  pe r  h ec ta re  ca lcu la ted .

5 .2 .2 .  Dry matter y ie ld

The samples from each h a r v e s t  of tag-marked plants  meant 

for chemical ana lys is  of herbage were  f i r s t  sundr ied and then

ovendr ied  at  80°C to constant weight.  The dry  matter yield, from 

each p lo t  was computed for each h a r v e s t  using th i s  d ry  matte r

percentage.

5 .2 .3 .  Oil y ie ld

The oil  y ie ld s  in kg ha 1 - were  calcula ted  from the  y ie ld

of oil  from each plo t .

5 .2 . ^ .  The e ssen t ia l  oil content

The quanti ty  of o il  obtained from each treatment was used



for work ing out the  oil  content (volume of o i l /w e ig h t  of herbage)
y

on f r e s h  and d ry  weight basis  of the  herbage. '

5 . 2 . 5 .  Eugenol y ie ld  per hecta re

Eugenol y ie ld  per  hec ta re  was ca lcula ted  by mult ip ly ing 

eugenol percentage  with  oil  y ie ld  p e r  h e c ta re .

5 .3 .  Phys ico -chem ica l  p ro p e r t i e s  of the  oil

The samples  obtained from each trea tm ent were  examined

fo r  a l l  important p h y s ica l  paramete rs  by s tandard  ana ly t ica l  p roce 

d u r e s .  The oil  collected was analysed by GLC also .

5 . 3 . 1 .  P hys ica l  p ro p e r t i e s

Phys ica l  p ro p e r t i e s  such as spec i f ic  g r a v i ty ,  r e f rac t iv e  

index ,  op t ica l  ac t iv i ty  and so lub i l i ty  in 70 p e r  cent  alcohol were 

dete rmined by th e  methods p r e s c r i b e d  by ISI (Anon. 1974).

5 . 3 . 2 .  Chemical const i tuents  and chemical p ro p e r ty

Eugenol percentage of the  o i l  sample  was determined by 

th e  method desc r ibed  by ISI (Anon. 1974).

Gas l iqu id  chromatographic  analys is  of the  oil  obtained

from a l l  trea tments  was conducted using a Hewlett  Packard 5840 

gas ghromatograph. The c a r r i e r  gas used was ni t rogen , flow ra te  

20-30 ml/min,  column: OV-17, oven tem p e ra tu re  ; 80°C and FID

tem pera tu re  250°C or 270° C.
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The compounds were  identi fied  by comparing t h e i r  re ten t 

ion t imes with those  of authent ic  reference  sam ples .  In the  gas

chromatograph used th e  percentage of eugenol and o th e r  const i tuents  

were  recorded  automatica lly .

5 .4 .  Analysis  of soil samples

P a r t i c l e  s ize  d i s t r ib u t io n  of the  soil  was determined by 

t h e  In te rna t iona l  P ip e t t e  Method (P ip e r ,  1942). Total  N was d e t e r 

mined by the  microkj e ld ah l  method (Jackson, 1958) and a v a i l a b le  

N by a lka l ine  permanganate method (Subbiah and Asi ja ,  1956).

Total  ^2^5 anc* to ta l  K^O in the  so i l  were  de termined using

s tan d a rd  procedures  as .outlined by Jackson (1958).  A vai lab le  P ^  

was determined by B r a y ' s  No.l  method (Jackson ,  1958) and

a v a i l a b l e  K20 was e x t r a c te d  by neutra l  normal ammonium ace ta te  

and estimated by using EEL flame photomete r .  Total  Ca and Mg 

were  determined in d ia c id  e x t r a c t  by EDTA t i t r a t i o n  method.  For 

the  determination of av a i l ab le  micronutr ien ts ,  th e  soil  samples

were ex t rac ted  with  DTPA ex t rac tan t  in the  ra t io  of 1:2, shaken 

for 2 h and es timated with atomic abso rp t ion  spec t ropho tom ete r  

(Lindsay and Norwell ,  1978). Organic carbon was determined by 

Walkley and Black method (P ip e r ,  1942) and ■ the  pH- of the  soil  

determined using a pH mete r (Jackson, 1958).
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5 .5 .  Analysis  of plant samples

The plant samples  were  d r i e d  in an oven a t  80° C and

ground in a Wiley mil l .

The to ta l  N content of th e  samples  was determined by the  

m ic rok je ldah l  method (Jackson,  1958).

Phosphorus ,  potass ium, calcium and magnesium were d e t e r 

mined in the  diacid  e x t r a c t  of t h e  p lan t  m a te r ia l .  Phosphorus  

was determined by the  vanado-moly bdo p h o sp h o r ic  yellow colour

method (Jackson, 1958). Potassium was determined by using EEL 

flame photometer and calcium and magnesium were  est imated in 

t h e  .ex trac t  by the  v e r sen a te  -t i trat ion method as given by Cheng 

and Bray (1951). Micronutr ient e lements in th e  plant mate ria l

v i z . ,  Fe, Mn and Zn were  de termined in th e  d iac id  e x t r a c t  using 

an atomic absorption sp ec t ropho tom ete r .

5 .6 .  Uptake of f e r t i l i s e r  • nu tr ien ts  .

The total  up takes  of N, P, K, Ca, Mg and micronutr ients  

by the  plant were ca lcu la ted  at  d i f f e r en t  s tages  of growth and 

at d i f fe ren t  levels  of sh ad e  by mul t ip ly ing  th e  d ry  matter - of 

t h e  c rops  with the  r e s p e c t iv e  nu t r ien t  content and ex p re ssed  in

kg ha
*

5 .7 .  S ta t i s t ica l  analysis

The data  recorded  . fo r  d i f f e r e n t  c h a r a c t e r s  were compiled 

and tabula ted  in p ro p e r  form and were'  sub jec ted  to analys is  of 

va r iance  (Panse and Sukhatme, 1967).
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RESULTS AND DISCUSSION

The resu l ts  obta ined on th e  effec t  of in te rv a l s  of ha rves t

and sh ad e  on the  y ie ld  and qua l i ty  of oil  of clocimum are

p resen ted  and d iscussed  in t h i s  c h a p t e r .

1. Experiment to study the e ffect of h a rvest in terva ls on - y ie ld
and quality of o i l ,  nutrient content and uptakea

1.1 .  Effect  of in te rv a l s  of h a r v e s t  on b iometr ic  c h a r a c te r s

Data presented  in Table  1 r e p re se n t  the  biometr ic  c h a r a c t 

e r s  recorded  during the  course  of Inves t iga t ion .

The re  was no s ignif icant d i f f e rence  in the  height of the

plants  due to the  va r ia t ions  in th e  i n t e rv a l s  of h a r v e s t  and the

values va r ied  from 84.90 to 95.67 cm. However,  the  r e la t ive

increase  in he ight  was g rea te r  during th e  second h a rv e s t  in te rva l .

Th is  may be due to the  fact  t h a t  the  p lan t a t ta ined i t s  full

phys io log ica l  growth only a t  th is  h a r v e s t  i n t e r v a l .  Kurian et: a l .

(1984) repor ted  plant he igh t  a t  ful l  f lowering s tage  for clocimum

to be between 82.0 and 119.4 cm which is  in agreement with the

values obta ined in the  p resen t  s tu d y .  However,  the  he ight of

p lants  under Dammu conditions  v a r ied  between 150 to 300 cm (Sobti

et  j d . , 1978) which is much h ighe r  than th e  values  recorded in

the  p resen t  s tudy .  ' .



Table 1. Effect of harvest  intervals  on the biometric characters

Harves t
in te rv a l s

Plant
he igh t
(cm)

Total
number of 
b ranches

Number
of
f lowered
branches

Length of 
in f lo re s 
cence (cm)

Height 
. at f i r s t  

b ranching 
(cm)

Spread

(cm2)

Leaf
a rea

(cm2)

60 days 89.52 14.90 5.85 10.35 1.20 3940.45 27.25

75 days 95.67 15.65- 13.20 14.37 2.62 5400.40 30.54

90 days 91.30 14.60 10.55 15.35 1.30 5744.40 30.54

105 days 93.15 15,45 11.10 11.65 1.47 5593.20 15.56 •

120 days 84.90 13.75 10.75 10.97 1.75' 3930.40 11.12

SEm + 4.66 1.58 . 1.52 1.11 0.53 523.60 2.14

CD (0.05) NS NS 4.582 3.409 NS NS 6.588

NS - Not significant
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T h e re  was also  not much v a r ia t ion  in the  total  number 

of b ran ch es  due to t h e  t rea tments .  The maximum number of 

b ranches  was observed  at  75 days  h a rv e s t  in te rv a l  which also  

ind ica ted  t h a t  the  plant at tained i t s  prime per iod of growth at  

t h i s  h a r v e s t  i n t e rv a l .  The number of branches  obtained in the  

p re s e n t  s t u d y ' is in conformity with the  re su l ts  repor ted  by Kurian

et a l .  (1984) under Kerala condi tions .
&

H arves t  of the  crop  a t  d i f fe ren t  in te rv a l s  re su l ted  in s ign i 

ficant d i f f e r en ce  in the  number of f lowered branches .  The number 

of f lowered  branches  a t  the  60th day ha rves t ing  in te rva l  was 

s ign if ican t ly  lower than a l l  the o the r  trea tments .  The number of 

f lowering shoots  almost increased by more than two fold  when 

the  h a r v e s t  in te rv a l  was increased from 60 to 75 days cutt ing 

in t e r v a l .  Maximum number of f lowered branches was r e c o r d e d '  by 

the  crop h a rv e s te d  a t  75 days  in te rv a l  and i t  was on par  with 

all o the r  longer h a r v e s t  in te rva ls  namely 90, 105 and 120 d ays .

This  inc rease  in the  number of f lowered branches  at  75 days  

h a r v e s t  in te rv a l  might p robably  be due to the  fact t i .at  th is
i

h a r v e s t  i n te rv a l  synchron ised  with the  maximum flowering stage 

of the  p lan t  and the  ha rves t ing  in te rv a l  of 60 days might be the  

ea r ly  flowering stage of the  c rop .

The length of inf lorescence  under the influence of d i f f e r en t  

h a rv e s t  i n t e rv a l s  ranged from 10.35 to 15.35 cm. ' The length of
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in f lo rescence  increased with increasing matu r ity  of the crop upto 

th e  90th d ay .  The maximum length recorded  a t  90 days  ha rves t  

i n t e rv a l  was s ignif icantly  super io r  to t h a t  r eco rded  a t  60, 105

and 120 days  h a rv e s t  in te rv a l s  and was on par with th a t  recorded

a t  75 d a y s .  Hence i t  is assumed th a t  maximum flower development

and elongation of inflorescence s t a lk  took p lace  a t  t h i s  in te rval 

(75 days)  which  extended over to th e  ea r ly  seed set t ing  stage 

(90 days  cutt ing i n t e r v a l ) .

T h e re  was no d i f ference  in h e ig h t  due to th e  treatments  

a t  the  f i r s t  branching and th e '  va lues  v a r ie d  from 1.20 cm of

the  60th day to 2.62 cm of the  75th day cutt ing in te rv a l .

Spread of the plants  was also not influenced by the  v a r i a t 

ion in the  ha rv es t  in te rv a l s  and the  values  v a r ie d  from 3930.40 
2%

to 5744.^0 cm . There was a p ro g re s s iv e  inc rease  in plant spread  

upto 90th day with inc rease  in the  growth of the  plant after 

which th e  plant sp read  decreased .  This  a p p a ren t  decrease  in

sp read  with  increase in ha rv es t  i n t e r v a l s  a f te r  90 days  may be

due to the  decrease  in growth ra te  and th e  d e s t ruc t ion  of unhar

ves ted  in florescence flower heads  a f te r  they  d r ied  up.

2Maximum leaf a rea  of 30.54 cm was e x h ib i t e d  a t  75 days 

in te rva l  of h a rv e s t  and i t  was on, par with 60 days  ha rves t

in t e r v a l .  But with f u r th e r  increase  in the  m a tu r i ty ,  of the  plant,  

t h e  leaf* area  dec reased .  I t  can be p resum ably  due to the  maximum
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p h o to sy n th e s i s  and ra te  of growth occurr ing up to  75 days  i . e . ,  

th e  maximum flowering stage as the  crop had a l r e a d y  entered

the  reproductive  stage.  The decl ine in leaf a r e a  a t  l a t e r  stages 

may be a t t r i b u t e d  to the  d ivers ion  of p h o to sy n th a te  for seed 

development which had so far been u t i l ized  for the  production 

of le aves  coinciding with  the  onset of leaf senescence .

The r e su l t s  thus indicated t h a t  th e  h a r v e s t  in te rv a l  of 

60 days  matched with the  ear ly  flowering s tage  and th a t  of 75 

days  with full f lowering stage in which most of the  biometric  

p a ram e te r s  l ik e  plant he igh t ,  number of f lowered b ranches  and length 

of in f lorescence  were observed to be maximum. The cutting

in t e r v a l s  of 90, 105 and 120 days were also  seen to co incide  with

th e  ea r ly  seeding, la te  seeding and seed r ipen ing  stages of the 

p lan t .

1 .2 .  Effect  of in te rv a l s  of ha rv es t  on herbage  y i e l d ,  o i l  content 
and oil  y ie ld

The herbage y i e ld ,  o il  y ie ld  and oil content  as influenced 

by the  trea tments  are  p resen ted  in Table  2 and Fig.  2.

1 .2 .1 .  Herbage yie ld

The y ie ld  of herbage var ied  from 8.43 to 12.94 and from 

5.02 to 8.42 t ha on f r e sh  and d ry  weight b a s i s ,  r e s p e c t iv e ly .

Herbage y ie ld  was not influenced s ignif icant ly  due to t rea tm en ts .  The



Table 2. Effect of harvest intervals  on herbage y ie ld ,  o i l  content and o i l  y ie ld

H arves t  in te rva l
Herbage y i e ld ,  t ha ^ Essen t ia l  o i l  content,  

p e r  cent
Essen t ia l  oil 

y i e l d ,

kg  ha ^FWB DWB FWB DWB

60 days 12.94 8.42 0.58 0.90 75.18

75 days 12.93 8.06 0.54 0.84 69.76

90 days 10.12' 7.70 0.55 0.73 56.38

105 days 11.90 8.15 0.23 0.33 27.85

120 days 8.43 5.02 0.21 0.36 17.67

SEm +

CD (0.05)

1.64

NS

1.03

NS

0.06

0.181

0.05

0.174
o

9.10

27.805

FWB = F resh  w e igh t  bas is  DWB = Dry weight ba s i s  NS = Not s ign if ican t
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h ig h e s t  y ie ld  was re g i s te r ed  at t h e  s h o r t e s t  in t e rv a l  of ha rv es t  

t r i e d  and a decreasing  t rend  was o b s e r v ed  with inc rease  in the  

i n t e r v a l  of h a rv e s t .  Similar  re su l t s  have  been repo r ted  by Balyan 

et al_. (1982). One of the  reasons  for t h i s  may be t h a t  the

maximum growth was a t ta ined  in 60 to 75 days  and as the  growth

advanced f u r th e r ,  senescence had s lowly  se t  in and the  ass imila te

produced was d ive r ted  for seed s e t  (Cock and Yoshida,  1972 and 

Evans e t  a K , 1973). The l e a s t  he rbage  y ie ld  of 5.02 t  h#   ̂ on

d ry  weight basis was recorded  a t  th e  l a s t  h a rv es t in g  in te rva l  

where in  the  plants possessed  only a few leaves  and only the 

s t a l k s  p e r s i s t e d .

1 .2 .2 .  Oil content

The resu l ts  revea led  th a t  t h e r e  was s ignif icant d if ference  

in oil  content due to t rea tm en ts .  The oil  contents at  60, .75 and 

90 days  ha rv es t  in t e rv a l s ,  though on pa r  among them selves  were 

s ignif icantly  super io r to those  a t  105 and 120 days  h a rv e s t  

i n t e r v a l s .  The h ighes t  o il  r e covery  of 0.90 pe r  cent on d ry

weight basis was recorded-, at 60 d a y s  i n t e rv a l  and ..with fu r th e r  

inc rease  in growth the  oil  content  d ec rea se d .  This  is  in 

conformity with the r e su l t s  ob ta ined  by Balyan e t  a l .  (1982). 

The decrease  in oil  content w i th  in c re a se  in th e  in te rv a l  of 

h a r v e s t  may be due to th e  d e c r e a s e  in th e  quant i ty  of leaves  

as the  stage of growth of the  c rop  advances ,  s ince  the  leaves
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contain much higher  oi l  content than th e  in f lo rescence  and stem 

in 0 .  gra ti ssimum (T r iv ed i  et a h , 1981). Kurian et  ̂ a l .  (1984)

re p o r t e d  th a t  t h e  oil content in clocimum h a rv e s te d  at  fu ll  f lower

ing s tage  ranged between 0.5 and 0.7 pe r  cent on f r e s h  weight 

b a s i s  which  is  in accordance with th a t  obta ined in t h e  p resen t  

s tudy for the  corresponding  stage,  but d isag rees  with th e  r ep o r t s  

of o th e r  w orkers  (Sobti _et̂  _al., 1979 and,  T r iv e d i  et  ̂ a l . ,  1981).

T h i s  va r ia t io n  in e ssen t ia l  oil  recovery  can be a t t r i b u t e d  to the  

v a r ia t io n  in ag ro -c l im at ic  conditions and th e  v a r ia t io n  in p r o p o r t 

ion of f lower ,  leaf and s ta lk  in th e  herbage.

The re su l t s  of the  observat ion  taken on t h e  ratoon crop 

.col lected and d i s t i l l e d  a t  e a r l i e r ,  in te rv a l s  v i z . ,  40 and 60 days  

ind ica ted  t h a t  the  oil  content increased ,  with the  advancement of 

c rop growth  and the  values  obtained a t  40 and 60 days  in te rv a l  

a r e  1.10 and 1.48 pe r  cent r e s p e c t iv e ly .  The h ig h e r  content of 

o i l  r eco rded  in th i s  s tudy at 60 days  in te rv a l  compared to th a t  

recorded  for the  corresponding  per iod  in t h e  p rev ious  growth 

c y c le  may presumably  be due the  effect  of the  season as th e  oil 

content in the  d ry  season is  repor ted  to be h ighe r  t h a t  t h a t  under 

humid condit ions  (Guenther,  1950 and Hotin, 1968).

1 .2 .3 .  Oil y ie ld

The to ta l  oil  y ie ld  va r ied  from 17.67 to 75,18 kg h a - 1 . 

H ighest  y ie ld  was recorded  b^ the  c ro p ’ h a rv e s te d  at 60 days
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i n t e r v a l ,  though i t  was s t a t i s t i c a l l y  not d i f f e r en t  from the  crop 

h a r v e s t e d  at 75 and 90 days  i n t e r v a l .  The h a r v e s t  in te rva ls  of 

105 and 120 days  were found to be on pa r  and were in fe r io r  to 

t h e  e a r l i e r  in te rva ls  of h a r v e s t .  The main reason for th i s  is tha t  

t h e  o i l  y ie ld  is a function of th e  oil  content and herbage  y ie ld .  

In t h e  p resen t  s tudy,  both of them were  t h e  h ig h e s t  a t  th e  ear ly  

f lowering  stage and na tu ra l ly  oi l  y i e ld  was also  h ig h e s t  under 

t h i s  tr ea tment .

In th i s  context i t  must be em phas i sed  t h a t  th e  crop in 

t h e  p re sen t  study was ra i sed  pure ly  as a ra in fed  crop and hence 

t h e  low y ie ld s  compared to those  c rops  r a i s e d  with i r r ig a t io n .

1 .3 .  Effect  of in te rv a l s  of h a r v e s t  on oil  qua l i ty  and eugenol 
y ie ld

The da ta  on th e  p h y s ico -ch e m ic a l  p r o p e r t i e s  of the  oil 

a r e  p re sen ted  in Tables  3 to 7.

1 .3 .1 .  P hys ica l  p ro p e r t i e s  of oil

The spec if ic  g rav i ty  of o i l .  was s ign i f ican t ly  influenced 

due to trea tments  (Table  3).  The oil  ob ta ined  from the  sh o r te s t  

h a r v e s t  in te rva l  has recorded  the  h ig h e s t  sp e c i f i c  g r a v i ty .  Though 

t h e r e  was,  no s ignif icant d i f ference  be tween t h e  t r e a t m e n t s  of 60, 

75, 90 and 105 days  h a rv e s t  i n t e r v a l s ,  s p e c i f i c  -g rav i ty  showed

a tendency to dec rea se  with inc reas ing  i n t e r v a l s  of h a rv e s t  and



Table 3. Effect of harvest intervals  on the physical  properties of oil

Harves t  in te rv a l s Specific  
gravity  at 

30° C

R efrac t ive  
index at 30°C

Solubi l i ty  
in 70%
alcohol (v o l . )

Optical
rotat ion

60 days 0.999 1.524 1.25

Oi

75 d ay s 0.990 . 1.523 1.37 -9 .77°

90 days 0.989 1.521 1.35 -12.75°

105 days 0.982 1.521 1.75 -14.47°

120 days 0.968 1.521 1.77 -9 .47°

SEm + O'. 005 0.001 0.004 0.033

CD (0.05) 0.0190 NS 0.137 0.103

NS = Not significant
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t h e  longest  ha rv es t  in te rv a l  t r i e d  has recorded  th e  lowest value

and i t  was significantly lower than a l l  o th e r  h a r v e s t  in te rv a l s .

Data on the  r e f r a c t i v e  index of th e  oi l  showed tha t  th e re

was no s ignificant d i f fe rence  due to  t r e a tm e n t s .  The h ighes t  value 

was reco rded  by the  s h o r t e s t  i n t e r v a l  of h a r v e s t  i . e . ,  60 days

and i t  was on par with t h e  r e f r a c t i v e  index of th e  oil obtained

a t  75 days  ha rves t  i n t e r v a l .  But w i th  f u r t h e r  inc rease  in th e  , 

growth of the  c rop ,  r e f r a c t i v e  index decreased  and the re  was 

no d i f fe rence  between th e  remaining t h r e e  longer h a r v e s t  in te rva l s .

The  decrease  in t h e  sp e c i f i c  g ra v i ty  and r e f ra c t iv e  index 

with advancement of growth  may be due to a decrease  in the  

eugenol content.  Eugenol has a h ig h e r  spec i f ic  g rav i ty  and 

r e f r a c t iv e  index when compared to th e  o th e r  chemical consti tuents 

. iden t i f ied  in the  oil such as p - c a r y o p h y l l e n e ,  l imonene, myrcene, 

Y~cadinene and 4 - te rp ineo l  (Anon. 1965).

Solubi l i ty  of the  o i l  in 70 p e r  cent alcohol decreased with 

inc rease  in in te rva ls  of h a r v e s t .  H ighes t  • so lu b i l i ty  was recorded

by the  treatment h a rv e s te d  at  60 d a y s .  No s ignif icant  dif ference 

in so lub i l i ty  of oil  was noticed t i l l  th e  g rowth  of the  crop 

progressed  upto 90 d a y s ,  but w i th  f u r t h e r  inc rease  'in th e  growth 

of the  c rop ,  the  s o l u b i l i t y '  of t h e  o i l  dec reased  and the re  was 

no s ignif icant d i f fe rence  in t h e  s o lu b i l i t y  between the  crop 

ha rves ted  at  105 and 120 days  h a rv ’e s t  i n t e r v a l s .  Thus the
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s o lu b i l i ty  of oil  was found to dec rea se  almost l in ea r ly  with  

in c rease  in th e  in te rv a l s  of h a r v e s t .  Eugenol being a pola r 

compound w i l l  have a h igher  so lub i l i ty  in a pola r  so lvent l ik e  

a lcohol .  Hence the  inc rease  in so lu b i l i ty  of oil  at  s h o r te r  

i n t e r v a l s  may be a t t r i b u t e d  to t h e  h ighe r  eugenol content at  th e  

e a r ly  g r o w t h ‘stages .

The op t ica l  ro ta tion of the  oil  was s ign if ican t ly  influenced 

by th e  d i f f e r en t  in t e rv a l s  of h a r v e s t .  The maximum and minimum 

va lues  were  observed  at  105 and 60 days  h a rv e s t  i n t e rv a l s  r e s p e c t 

i v e l y .  The h ighe r  o p t ic a l '  a c t iv i ty  of o i l  observed  a t  th e  longer 

h a r v e s t  i n t e rv a l s  may be a t t r ibu ted  to th e  increased  concentration 

of t h e  components such as limonene, Y -cadinene and 4 - te rp ineo l  

in th e  oil  which a re  haying h igher  op t ica l  a c t i v i ty  than eugenol 

(Anon. 1965). .

The re  was not much d if ference  in the  p h y s ic a l  p r o p e r t i e s  

of oil  due to ha rv es t in g  the  crop a t  40 and 60 days  in te rv a l  

(Table  4) .

1 .3 .2 ;  Chemical composition of oi l  determined by Gas l iqu id  
chromatography

The gas l iqu id  chromatographic  analys is  of oil  (Table  5 

and Fig.  3 to 8) revea led  th a t  eugenol content was h ig h e s t  with  

th e  onset  of r e p ro d u c t iv e  phase  a t  60 days  h a rv e s t  in te rv a l  (.75.14



Table 4. Effect of shorter harvest  intervals  on the phys ica l  properties of oil

H arves t  in te rv a l s Specific  
g ra v i ty  at 

30°C

R efrac t ive  
index at 

30°C

So lub i l i ty  in 
70% alcohol 

( v o l . )

Opt ica l
rotation

40 days 0.989 1.524 1.2 -9 .10°

60 days 0.996 1.525 1.3 -9 .05°

cn
co



Table 5. Effect of harvest  intervals  on chemical constituents of oil  (determined by GLC)

H arves t  in te rv a l s Eugenol,
95

B -c a ry o p h y l len e ,
%

Y-cadinene,
95

Myrcene/
Limonene

%

4 - t e r p i n e o l ,
%

60 days 75.142 2.395 4.702 8.838 0.619

75 days 72.044 2.572 4.981 - 10.487 0.629

90 days 66.367 3.202 6.169 10.214. 0.453

105 days 64.849 4.069 6.939 10.818 0.806

120 days 61.685 3.954 6.091 10.886 0.845

CXI
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FIG. 3 -  GLC PROFILE OF OIL AT 60 DAYS HARVEST INTERVAL



RT AREA AREA 9fi

5.42 
.7 .14
7.41
8.13
8.43 
9.04 
9.91

10.71 
11.24 
11.54
11.98 
12.53
13.58
14.16
14.59
15.30 
16.08
16.52
17.30
17.79 
18.26
18.79 
19.33 
20.62 ' 
21.96 
22.82
23.83 
24.87 
25.20
26.30 
26.90
27.72 
28.18
28.84 
29.29
30.17 
31.43 

.32.24 
33.50
35.52
37.98 
39.48

254200
248800
181500

10070
93800

4815000
129300
126700

92600
67300
42500
40390

6990
34180

337500
25140

1170
923

118700
23820

179300
236600
331500

1305000
40940000

2562000
467500

79500
162700
124400
201300
106700

67540
209300
205300
130700
135500
126200
105200

93800
34930

111200

0.467 
0.457 
0.333 
0.018 
0.172 
8.838 
0.237 
0.233 
0.017 
0.124 
0.078 
0.074 
0.013 
0.063 
0.619 
0.046 
0 . 0 0 2  
0 . 0 0 2  
0.218 
0.044 
0.329 
0.434 
0.608 
2.395 

75.142 
4.702 
0.858 
0.146 
0.299 
0.228 
0.369 

■ 0.196 
0. 1 24 
0.384 
0.377 
0.240 
0.249 
0.232 
0.193 
0.172 
0.064 
0.204
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FIG. 4-GLC PROFILE OF OIL AT 7 5 ' DAYS HARVEST INTERVAL



RT AREA AREA SI

1.00 305600 0.437
1.77 9242 0.013
5.44 346400 0.495
7.17 325300 0.465
7.45 254500 0.364
8.18 10330 0.015
8.47 134000 0.192

. 9.10 7338000 10.487
9.96 316600 0.452

10.78 143400 0.205
11.27 26130 0.037
11.59 119200 0.170
12.03 88840 0.127
12.59 38670 0.055
13.57 5373 0.008
14.24 17100 0.024
14.64 440200 0.629
15.34 32830 0.047
16.40 12570 0.018
17.30 307500 0.439
17.84 44930 0.064
18.25 453000 0.647
18.83 355900 0.509
19.38 . 529600 0.757
20.71 1800000 2.572
22.06 50410000 72.044'
22.88 3485000 4.981
23.87 619000 0.885
24.87 103600 0.148
25.21 172700 0.247
26.36 132300 0.189
26.94 224100 0.320
27.80 114100 0.163
28.19 77080 0.110
28.86 ■ 223300 0.319
29.34 211700 .0.303
30.21 130700 0.187
31.47 125900 - 0.180
32.25 102500 ' 0.146
33.48 112900 0.161
35.55 70560 0.101
38.03 34680 0.050
39.51 166300 0.238
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RT AREA AREA %

1.16 633 0.001
4.81 241300 0.500
6.45 256700 0.532
6.73 171700 0.356
7.72 76500 0.158
8.33 4931000 10.214
9.18 175700 0.364
9.97 181500 0.376

10.51 33630 0.070
10.83 83800 0.174
11.27 56060 0.116
11.83 34190 0.071
12.80 4300 0.009
13.45 9150 0.019
13.88 218600 0.453
14.60 20070 0.042
15.02 581 0.001
15.70 5871 0.012
16.28 682200 1.413
17.09 34840 0.072
17.69 48500 0.100
18.09 290400 0.602
18.63 491000 1.017
19.97 1546000 3.202
21.22 32040000 66.367
21.73 133700 0.277
22. 12 .2978000 6.169
23.18 547300 1.134
24.34 134700 0.278
24.61 165200 0.342
26.14 ' 405700 0.840
26.93 126500 0.262
27.36 104000 0.215
28.00 491800 1.019
29.20 ' 164700 0.341
30.39 186900 0.387
31.13 151500 0.314
32. 39 164100 0.340
34. 13 152800 0.317
36.47 158200 0.328
37.92 578100 1.197



FIG.6-GLC PROFILE OF OIL AT 105 DAYS HARVEST INTERVAL
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RT AREA AREA %

1.31 1406 0.002
5.22 343700 0.553
6.29 5428 - 0.009
6.93 350000 0.564
7.20 246900 0.398
7.90 18330 0.030
8.22 145300 0.234
8.85 6718000 10.818
9,71 . 239900 0.386

10.50 270100 0.435
11.04 43430 0.070
11.34 162700 0.262
11.81 93640 • 0-.151
12.35 85420 0.138
13.33 62070 0.100
13.95 51160 0.082
14.43 500700 0.806
15.14 67520 0.109
15.96 29960 0.048
16.94 150700 0.243
17.67 64740 , 0.104
18.22 59740 0.096
18.66 .530900 0.855
19.20 906200 1.459
20.56 2527000 4.069
21.85 40270000 64.849
22.73 4309000 6.939
23.74 926200 1.492
25.33 217100 0.350
26.25 180400 0.291
26.80 475300 0.765
27.60 333500 0.537
28.58 363700 0.586
29.19 401300 0.646
30.02 155300 0.250
31.27 252800 0.407
33.39 68660 0.111
35.28 26790 0.043
39.26 442800 0.713
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RT AREA AREA %

1.32 1001 0.002
1.43 1560 0.003
2.02 187 0.000
5.27 284100 0.599
6.29 15610 0.033
6.99 302100 0.636
7.26 . 192600 ■ 0.406
8.00 13780 0.029
8.30 107000 0.225
8.93 5167000 10.886
9.80 208100 0.438

10.60 237500 0.500
11.14 28820 0.061
11.46 13400 0.277
11.94 57470 '0.121
12.50 33100 0.070
14.58 401200 0.845
14.96 45340 0.096
15.29 26200 0.055
16.11 14020 0.030
17.25 86400 1.822
17.86 44640 0.094
18.21 1219000 2.568
18.87 388600 0.819
19.41 734400 1.547
20.15 252500 0.532
20.79 1877000 3.954
.22.02 29280000 61.685
22.95 2891000 6.091
23.99 454000 0.956
24.69 65620 0.138
25.06 83840 0.177
25.63 157900 0.333
27.17 565600 1.192
27.99 236500 0.498
29.11 '281200 0.592
29.86 337600 0.711
30.52 193700 0.408
31.84 133700 0.288
32.62 63220 0. 133
34.07 • 36460 0.077
36.12 22620 0.048
38.72 14980 0.032





per  cen t ) ,  s l igh t ly  decreased  at 75 days  followed by a sharp

fa l l  a t  90 days which coincided with  ea r ly  seed set t ing stage

and continued to dec rea se  s tead i ly  with  advancement of the  growth

stage (105 and 120 d a y s ) .  However th e  d e c r e a se  in eugenol content

was accompanied by a concomittant in c rease  in th e  other

components ident if ied in t h e  oil  such as j i - ca ryophy l lene  and

Y -cad inene .  In t h e  case  of myrcene,  t h e  content went on

increas ing  with inc rease  in th e  intervals^ of h a r v e s t .  But the

influence of the  tr ea tm ents  on th e  content of 4 - te rp in eo l  did not

show any defin ite  p a t t e rn .  Sim ilar changes in the  oil  composition

w ith  p rog res s ive  m atu r i ty  were  reco rded  in 0 .  sanctum (Dey and

Choudhuri ,  1981 and Pareek  et  a K , 1982) and 0 .  gratissimum
e t

(Cheng “ -  ■_ J f  1983).

Analysis of the  o i l  obta ined from th e  ratoon crop h a rv e s te d  

at  40 and 60 days rev ea led  th a t  th e  chemica l  composit ion of the  

o i l  obtained at  40 days  was more or l e s s  s im i la r  to th a t  obtained

at 60 days  (Table 6 and Fig .  9 and 10).  This  ind ica ted  th a t  the

composit ion of oil in th e  plant remained almost s tab le  upto 60

days and reap p rop r ia t ion  took p lace  only a f te r  t h i s  p e r io d .

1 .3 .3 .  Eugenol content (de te rmined by chemical  method) and
eugenol yie ld

Eugenol content is s ign i f ican t ly  influenced by d i f fe ren t  i n te r 

va ls  of h a rv e s t  (Table  7 ) .  The c rop  h a rv e s te d  at  60 days 

possessed maximum eugenol in th e  e s s e n t i a l  oi l  (82.5 per  cent)



Table  6. Effect of s h o r t e r  h a r v e s t  In te rv a l s  on th e  chemical cons t i tuen ts  of o i l  (de te rmined by 
GLC)

H arves t  in te rv a l s Eugenol, 
%

f i - ca ry o p h y l len e ,
%

V - c a d i n e n e , ,
%

Myrcene/
Limonene

%

4 - te rp in eo l ,
%

40 days 78.632' 1.886 3.514 7.992 0.462

,60 days 78.498 ' 2.003 3.684 7.907 0.476

CJT
cn
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FfG. 9 . G L C  P R O FILE  OF OIL OF RATOON CROP AT 40 DAYS HARVEST INTERVAL



RT AREA AREA

0.52 615 0.001
1.51 43 0.000
5.68 190300 0.288
6.29 9550 0.014
7.44 229200 0.347
7.72 162900 0.247
8.45 . 11420 0.017
8.76 70540 0.107
9.39 5277000 7.992

10.27 207300 - 0.314
11.05 221400 0.335
11.62 5262 0.008
11.91 90620 0.137
12.38 51660 0.078
13.03 18700 ' 0.028
14.09 7168 0.011
15.01 305000 0.462
15.40 31750 0.048
15.71 33770 0.051
16.74 17600 0.027
17.66 606100 0.918
18.24 24450 0.037
18.63 768600 1.164
19.27 178100 0.270
19.83 276300 0.418
21.18 1245000 1.886
22.56 51920000 78.632
23.38 2320000 3.514
24.38 348500 0.528
25.39 82560 0.125
25.76 • 149700 0.227
27.01 120200 0.182
27.62 205600 0.311
28.53 143800 0.218
29.61 162300 0.246
30.24 276900 0.419
32.61 106500 0.161
33.38 133200 0.202
36.96 15280 0.023
38.65 4092 0.006
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RT AREA AREA %

0.49
1.43
5.65
6.37
7.41
7.69
8.45
8.74
9.35

10.24 
11.04 
11.58 
1 1 . 8 8  
12.36 
12.99
13.92 
15.00 
15.70
16.79 
17.68 
18.23 
18.65
19.25
19.80 
21.16 
22.45 
23.32
24.35 
25.28 
25.72 
26.96 
27.61 
28.27
28.92 
29.64 
30.22 
31. 16 
32.53
33.35 
36.95 
39.60

599
719

162800
4535

184100
123100

6086
53670

3863000
142200
151200

9250
67020
39590
13220

3295
232400

27750
28020

250700
31090

277700
159800
253400
991400

38350000
1800000

337400
71540

145900
97180

185300
99720
49110

149600
170900

88920
93660

118700
19340

687

0.001 
0.001 
0.333 
0.009 
0.377 
0.252 
0 . 0 1 2  
0.110 
7.907 
0.291 
0.309 
0.019 
0.137 
0.081 
0.027 
0.007 
0.476 
0.057 
0.057 
0.513 
0.064 
0.568 
0.327 
0.519 
2.029 

78.498 ' 
3.684 
0.691 
0.146 
0.299 
0.199 
0.379 
0.204 
0.101 
0.306 
0.350 
0.182 
0.192 
0.243 
0.040 
0.001



Table 7. Effect of harvest  intervals  on eugenol content (determined by chemical
analysis)  and eugenol y ie ld

H arves t  in t e rv a l s Eugenol content
%

t Eugenol y i e ld ,  

kg ha

60 days 82.50 60.54

75 days 77.00 9 52.62

90 days 74.50 42.00

105 days 68.25 21.98

120 days 68.50 11.57

SEm + 1.12 6.20

CD (0.05) 3.456 19. I l l

07



which was found to be s ignif icantly  super io r  to al l  the  o the r  

t r e a tm en ts .  The eugenol content was found to decrease  with 

inc reased  in t e rv a l s  of h a r v e s t .  The va r ia t ion  in eugenol content 

with h a r v e s t  in t e rv a l s  showed a s im i la r  trend as in GLC analysis

but t h e  values  obta ined in th e  chemical  method were higher

p e rh a p s  due to th e  combined es timat ion  of o th e r  phenols  in the

o i l .

The eugenol y ie ld  for the  d i f fe ren t  t rea tments  va r ied  from 
-111.57 to 60.54 kg ha . Maximum eugenol was produced by the  

crop h a rv e s te d  - at  60 days  followed by the  nex t  succeeding

i n t e rv a l  of h a r v e s t  v i z . ,  75th day and th e re  was no s ignif icant 

d i f fe rence  between th e se  two t rea tm en ts .  Eugenol y ie ld  was found 

to dec rea se  with inc rease  in the  i n t e rv a l s  of h a r v e s t .  The h igher 

eugenol y ie ld  reco rded  a t  60 days  and i t s  decline  t h e re a f t e r  may 

be due to the  h igher  o il  y ie ld  and eugenol content recorded  at 

the  e a r l i e r  cut t ing in t e r v a l  which decreased  la te r. '

1 .4 .  Effect  of i n t e rv a l s  of h a rv e s t  on plant nu t r ien t  content and 
uptake

Data on th e  nu t r ien t  content and up take  a re  presented  in 

Tables  8 to 11-.

1 .4 .1 .  Nitrogen content

Nitrogen content  of the  p lan t samples  showed a tendency 

to decrease  with  in c re a s e  in growth ' of the  p lan t  (Table 8) .



Table  8. Effect  of h a r v e s t  i n t e r v a l s  on N, P, K, Ca and Mg content of clocimum, p e r  cent

H arves t  in te rv a l s Nitrogen Phosphorus Potassium Calcium Magnesium

60 days 1.82 0.40 1.59 2.33 0.40 *

75 days 1.53 0.39 1.84 2.09 0.31

90 days 1.47 0.42 1.53 2.36 0.35

105 days 1.33 0.35 1.28' 1.77 0.28

120 days 1.31 0.37 1.39
*

2.56 0.39

SEm + 0.06 0.01 0.03 0.09 0.01

CD (0.05) 0.195 0.030 0.097 0.304 0.020

r 0 7
GO
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Comparing between the  h a r v e s t  i n t e r v a l s ,  60 days h a r v e s t  in te rva l  

showed the  h ig h e s t  ni trogen  content w i th  1.82 pe r  cent.  I t  was 

found to be s t a t i s t i c a l l y  su p e r io r  to th e  o the r  four treatments  

t r i e d .  At e a r ly  stages of growth of p lan t ,  c a rb o h y d ra t e  u ti l iza tion  

is  more  as  more pro te in  is  formed from the  manufactured ca rbo 

h y d r a t e s .  Since nitrogen is  an i n v a r i a b l e  component of pro te ins  

and th e r e f o r e  of p ro top lasm  which is  h ighe r  in younger t i s su es ,  

t h e  in c rease  in th e  n i trogen content a t  t h e  ea r ly  stages of growth 

may be due to t h i s  (T i sd a le  and Nelson, 1956). The decrease  

not iced in t h e  n itrogen content  in t h e  l a t e r  stages of growth may 

be due to th e  formation of f i b r e s  and d i s t r ib u t io n  of so far

accumulated p ro te ins  and pro toplasm for seed set  and oil  s y n th e s i s .  

Guenther (1950) claimed th a t  p r e c u r so r s  of essen t ia l  oil  could

be obta ined th rough degradat ion  of c a r b o h y d ra t e s  and pro te ins .  

Pr idham (1967) has a lso  repo r ted  t h a t  cer ta in  compounds l ike

sugars and aminoacids a re  capab le  of being tr ans loca ted  into the  

s i te s  of e s se n t ia l  oil syn thes is  and u l t imate ly  used during 

sy n th es i s  of m ono te rpenes .

1 .4 .2 .  Phosphorus  content

In te rv a l s  of h a r v e s t '  influenced the  phosphorus  content of 

p lan ts  s ig n i f ic a n t ly .  But no regular  t rend  was noticed in th e  Por

content of th e  p lan t  w ith  change in th e  in te rv a l  of h a rv e s t .  The 

maximum (0 ,42 p e r  cent)  and minimum (0.35 p e r  cent) values were 

recorded  by th e  t rea tm en ts  h a rv e s te d  a t '  90 and 105 days in te rva ls
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r e s p e c t i v e l y .  The P content in th e  p lan t  t i s sues  reduced after 

90 d a y s  p robab ly  due to breakdown of aminoacids and o ther  

phosphorus  compounds at l a te r  s tages .  The high P content 

o b se rv ed  a t  in i t ia l  seeding stage might  p ro b ab ly  be due to  the  

h igher  requirement of th e  plant at  th e  t ime of matura tion as most 

of th e  P of plant is requ i red  for formation of seeds  and f r u i t .

1 .4 .3 .  Potassium content &

Significant va r ia t ion  was o b se rv ed  in t h e  po tass ium content 

of the  plant samples ,  but as in th e  case  of pho sp h o ru s ,  no 

regula r trend  was noticed in t h e  potass ium content of th e  plants  

with  increase  in the  growth p e r io d .  The values  v a r i e d  from 1.28 

to 1.84 per  cent and the  maximum and minimum values  were 

recorded at 75 and 105 days  h a r v e s t  i n t e r v a l s ,  r e s p e c t i v e l y .  Since 

potassiumm content is  re la ted  to ni trogen  metabolism and has a 

c a ta ly t ic  influence on pro te in  s y n th e s i s ,  a d e c rea se  in K content 

with  increase  in m atur i ty  of the  p lan t  may be due to a decrease  

in the  photos.ynthetic r a t e  and a d e c r e a se  in ni trogen  ccr.tent of 

the  plant  (T isda le  and Nelson, 1956).

1 .4 .4 .  Calcium content

There  was s ignif icant d i f fe rence  in th e  calcium content 

of the  plants  due to i n t e rv a l s  of h a r v e s t .  But no def in i te  trend 

was noticed in the  calcium content with  change in t h e  in te rv a l s  

of h a rv e s t .
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1 . 4 . 5 .  Magnesium content

The influence of h a r v e s t  i n t e rv a l s  on the  magnesium content 

of p lan t s  was s ign i f ican t .  The values  va r ied  from 0.28 per  cent 

reco rd ed  a t  105 days  to 0.40 per  cent at  60 days  h a rv e s t  in te rv a l .  

As in t h e  case  of calc ium no d e f in i te  t rend was noticed in the  

content of magnesium w ith  inc rease  in ’ the  in t e rv a l s  of h a rv e s t .

1 .4 .6 .  Ir-on content

The iron content of th e  p lan t  samples though v a r ie d  s ign i

f ic an t ly  d id  not show any p a r t i c u l a r  trend  for the  h a rv e s t  

in t e rv a l s  (Table  9 ) .  The range in t h e  iron content va r ied  from 

58.25 to 339.95 ppm.

1 .4 .7 .  Manganese content

The manganese content of th e  plant samples did not show 

s t a t i s t i c a l  d i f fe rence  between the  t rea tments  and th e  values ranged 

from 69.37 ppm at 120 days  to 98.75 ppm at 60 days  h a rv e s t  

i n t e r v a l .

1 .4 .8 .  Zinc content

No s ignif icant v a r i a t io n  was observed  in th e  zinc content 

of the  plant  samples  due to the  i n t e rv a l s  of h a r v e s t .  The range 

in the  zinc content v a r i e d  from 16.25 to 53.12 ppm.



Table 9. Effect of harvest  intervals  on the Fe, Mn and Zn content o f  clocimum, ppm

H arves t  i n t e rv a l s Iron Manganese Zinc

60 days 276.00 98.75 16.25

7 5 d ay s 133.12 75.62 16.25

90 days 339.95- 89.37 49.45

105 days 58.25 84.37 16.25

120 days 102.50 69.37 53.12 '

SEm + 54.61 9.78 12.84

CD (0.05) 168.295 NS NS

NS = Not significant
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1 . 4 . 9 .  Nitrogen uptake

The uptake  of nitrogen by th e  crop  d id  not d i f f e r  s ignif i 

can t ly  among the  treatments  (Table 10).  But maximum uptake  of 

n i trogen was recorded by the  trea tment  h a r v e s t e d  at  60 days

h a r v e s t  i n t e rv a l .  General trend was a d e c rea se  in t h e  up take  with 

in c re a se  in th e  h a rv e s t  in te rva l .

1 .4 .1 0 .  Phosphorus  uptake

The phosphorus  uptake  also showed no s ign i f ican t  va r ia t ion

d u e .  to t rea tm en ts .  The uptake of phosphorus  ranged from 26.60 

kg ha * to 41.50 kg ha * and the  maximum u p ta k e  was recorded  

b y ' t h e  t rea tment ha rves ted  at 60 days  h a r v e s t  i n t e r v a l .

1 .4 .11 .  Potassium uptake

The ' potassium uptake was s ign if ican t  due to th e  effect  

of d i f f e r en t  in te rva ls  of h a rv e s t .  Maximum up tak e  was recorded

at  75 days  in te rva l  and the re  was no s ign i f ican t  d if ference

between th e  treatments 60, 75, 90 and 105 days  cutt ing in te rv a l s .  

The trea tm ent ha rves ted  at 120 days  reco rd ed  th e  lowest  uptake  

and i t  was sign if icantly  lower than a l l  o th e r  t r e a tm en ts .

In general  .the up take  of n i trogen, pho sp h o ru s  and potassium 

decreased  with increase  in the  i n t e r v a l s  of h a r v e s t .  The main 

reason for th i s  decl ine may be due to a d e c r e a se  in the  d ry



Table 10. Effect of harvest intervals  on uptake of N, P, K, Ca and Mg, kg ha *

Harves t  in te rv a l s Nitrogen Phosphorus Potassium Calcium Magnesium

60 days 172.56 41.50 160.26 218.01 35.13-

75 days . 147.84 40.14 163.11 ■ 189.64 28.37

90 days .■ >129.80 29.24 115.49 148.46 25.13

105 days 147.40 39.96 117.06 202.95 28.36

120 days 107.12 26.60 81.57 132.73 21.82

SEm + 18.36 4.92 17.91 25.87 3.58

CD (0.05) NS NS 55.196 NS NS

NS = Not s ign if ican t
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matter  y ie ld  with increased  in te rv a l s  of h a rv e s t .

1 .4 .12 .  Calcium uptake

Uptake of calcium was not influenced s ignif icant ly  due to 

var ious  h a r v e s t  i n t e rv a l s  and the  up take  v a r ied  from 132.73 to 

218.01 kg ha The maximum up take  was recorded  by treatment 

in te rv a l  of 60 days  and th e  minimum by th e  120 days  ha rv es t  

in te rv a l .

1 .4 .13 .  Magnesium uptake

The up take  of magnesium was a lso  not s ignif icant due to 

d i f fe ren t  in te rv a l s  of h a r v e s t .  But i t  showed a tendency to 

decrease  with increase  in the  i n t e rv a l s  of h a r v e s t  and the 

magnesium uptake  var ied  from 21.82 to 35.13 kg ha -1-.

" Thus the  'decline in • uptake  of calcium and magnesium at 

h igher  in te rv a l s  of h a r v e s t  may be due to decreased  dry  matte r 

production.

1 .4 .14 .  Iron uptake

There  was s ignif icant  d i f fe rence  in the  up take  of iron due

to d i f fe ren t  in te rva ls  of h a r v e s t .  The maximum uptake was

recorded by the  s h o r t e s t  in te rv a l  of h a r v e s t  (2.29 kg ha- 1 ) and
” -1th e  minimum uptake  (0.51 kg ha ) by the  trea tm ent harves ted  

at the  longest  in te rva l  of 120 d ay s .



Table 11. Effect of harvest  intervals  on uptake of Fe, Mn and Zn, kg ha ^

Harves t  i n t e r v a l s Iron Manganese Zinc

60 days 2.29 * 0.83 0.14

75 days 0.94 0.59 0. 17

90 days 2.19 0.54 0.31

105 days 0.52 0.70 0.13

120 days 0.51 0.35 0.26

SEm + 0.43 0.12® 0.08

CD (0.05) 1.319 NS NS

NS = Not significant
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1 .4 .15 .  -Manganese uptake

The influence of in te rv a l s  of h a r v e s t  on manganese uptake

was not s ignif icant .  Maximum uptake  was recorded  by the  ha rv es t  

i n t e rv a l  of 60 days  and th e  values ranged from 0.35 to 0.83 kg ha *.

1 .4 .16 .  Zinc uptake

In th e  case  of zinc a lso  t h e r e  was no var ia t ion  in th e

u p take .  Maximum up take  was re c o rd ed  by the  longest in te rva l  

of h a r v e s t  t r i e d .  The up tak e  of zinc va r ied  from 0.13 to 0.31 

kg ha *.

The maximum up take  recorded  at  60 days  may be due to

the  increased d ry  m a t te r  product ion  a t  t h i s  stage as the re  was

no s ignificant d i f fe rence  in th e  contents of the  above nutrients

due to tr ea tm ents .

2 . Experiment to study th e e ffect of varying le v e ls  of shade on 

y ie ld  and quality  of clocimum o il  and nutrient content and

uptake

2 .1 .  Effect of l e v e l s  of s h ad e  on biometr ic  c h a rac te r s

A pe rusa l  of the  .d a t a  (Table  12) suggests tha t  the  height

of the  plants  under a l l  th e  s h ad e  le v e l s  were  s ignificant ly  higher
*■

than th a t  under open condi t ion .  The p lan t  he igh t  was maximum 

under 50 pe r  cent sh ad e  and i t  was s t a t i s t i c a l l y  on par  with 

th e  plant he igh t  a t  25 per  cent sh ad e .  The p lants  under shade



Table 12. Effect of l e v e l s  of shade on the biometric characters

b ev e ls  of shade Plant
he igh t

(cm)

Total
number of 
branches

Number of
f lowered
branches

Length of 
in f lo re s 
cence 

(cm)

Height 
a t  f i r s t  
branching  

(cm)

Spread

(cm2)

Leaf a rea  

(cm2)

No shade
(100 per cent l igh t)

109.00 23.08 12.24 14.86 5.75 5054.0 37.61

Low shade
(25 p e r  cent shade)

155.00 18.48 '8 .16 16.86 4.60 6045.0 44.52

Medium * shade  
(50 pe r  cent shade)

163.32 8.72 4.88 15.22 4.10 7074.0 38.63

High shade
(75 pe r  cent shade)

'140.00 13.04 4.96 10.34 2.18 2864.0 27.64

SEm + 3.33 1.22 1.03 1.45 1.37 561.75 2.69

CD (0.05) 10.264 3.757 3.172 4.457 NS 1731.059 8.303

NS - Not s ign if ican t P

CT5
03



tended to grow longer and they a p p a r e n t ly  were s lender  and weak. 

The s h ad e  effec t  is be l ieved  to be due to auxin enhancement, 

p ro b ab ly  act ing s y n e r g i s t i c a l ly  w i th  g ib b e r i l l i c  acid (Leopold,

1964). T heo re t ica l ly  p ho todes t ruc t ion  of auxin is le ss  in shaded 

stands? shad ing  tends to inc rease  auxin leve l s  which could affect  

in te rnode  length  (Evans ,  1973).

d u m b e r  of branches  were  influenced s ignif icantly  due to 

d i f fe ren t  in tens i t ie s  of sh ad e .  Open condition recorded the  

maximum number of b ranches  (23.08) and it  was super io r  to a l l  

o ther  t re a tm en ts .  Sim ilar r e su l t s  have  been repor ted  in crops  

such as sweet potato ,  co leus ,  ginger and tu rmeric  (Bai, 1981 and 

Varghese,  1989).

Highly s ignif icant v a r ia t io n  was noticed between treatments 

with  r e s p e c t  to number of f lowered  branches .  A decrease  in 

number of f lowering shoots  was o b s e r v e d  due to shade .  Maximum 

number of f lowered b ranches  (12.24) was recorded  under open 

condition and i t  was s ign i f ican t ly  su p e r io r  to a ll  o the r  treatments.  

The p lants  in th e  open flowered  e a r ly  by 43 days  when compared 

to th a t  under the  shaded  condi t ions .  Hence two h a rv es t s  could 

be obtained from the  p lan ts  grown in t h e  open, whereas  only one 

ha rv es t  was obtained under  shaded  condi t ions .  The decrease  in 

the  number of f lowering branches  under 50 and 75 pe r  cent shade  

may be due to the  f ac t  t h a t  t h e  optimum l igh t  which .is required



for th e  production of f lowers is  above t h a t  r e q u i re d  for 

v e g e ta t iv e  development.

The  length of inflorescence showed s ign i f ican t  v a r ia t io n  

due to d i f f e r e n t  in tens i t ie s  of sh ad e .  Maximum length  of in f lo re s 

cence (16.86 cm) recorded  by the  p lants  grown under 25 per  cent 

sh ad e  was on par w i th  plants grown under open and 50 per  cent 

shade .  Minimum value was recorded under 75 p e r  cent s h ad e  and

i t  was s t a t i s t i c a l l y  in fe r io r  to the  o ther  t rea tm en ts .

The influence of d if ferent leve l s  of s h a d e  w i th  regard  to

the  he igh t  a t  the  f i r s t  branching was not s ign if ican t  and the

values  ranged from 2. IS to 5.17 cm.

Plants grown under 50 per cent sh ad e  e x h ib i t e d  the
2

maximum spread  (7074.0 cm ) and i t  was s t a t i s t i c a l l y  on par  with
2

the  p lan ts  grown under 25 per  cent shade  (6045.0 cm ) .  The l e a s t
2

spread  reco rded  by plants  grown in th e  high s h ad e  (2864.0 cm ) 

was found to be s t a t i s t i c a l l y  in fer io r  to the  r e s t  of the  t rea tments  .

The p r im ary  reason for the  decrease  in the  sp read  of p lan ts  under

high shade  is  the  reduction in th e  number of b ranches  under

shaded condi t ions .

2Maximum leaf a rea  of 44 .52cm was e x h ib i t e d  at  the  shade

level of 25 p e r  cent and i t  was on pa r  with no shade  and the  

medium shade  leve l  of 50 per cent.  But with f u r t h e r  inc rease  

in the  in tens i ty  of sh ad e ,  the  leaf a rea  d ecreased  (27.64 cm2).
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The re su l t s  repor ted  by Duriyaprapan and Bri t ten ( 1982) a re  not

in agreement with the  re su l t s  of th e  p re sen t  s tudy as they have

obse rved  an increase in leaf area  development in shaded Mentha

a r v e n s i s .

2 .2 .  Effect  of.  levels  of shade  on he rbage  y i e ld ,  o i l  content and
oil  y ie ld

The re su l t s  on t h e  herbage y i e l d ,  oi l  content and oil  y ie ld  

as influenced by the  trea tments  a re  p resen ted  in Table  13 and

Fig.  11.

2 .2 .1 .  Herbage yield

With increase  in shading th e  f r e s h  as well as dry  herbage 

yie ld  showed a decreasing  t r e n d .  The y i e l d ' u n d e r  open condition 

was super io r  to the  r e s t  of the  t r e a tm e n t s .  Insp i te  of the  lower

plant he ight ,  spread and leaf a rea  under fu l l  il lumination 

compared to the  low and medium s h a d e  le v e l s ,  herbage  yie ld  was

h ighes t  for the  plants  grown in th e  open. This  may be due to

an increase  in the  to ta l  number of branches  and flowered 

branches .  This may also  be a t t r ib u te d  to the  fact  th a t  whi le  two 

ha rves t s  were taken in th e  case  of p lan ts  grown in th e  open only

one h a rv e s t  could be taken in th e  case  of p lants  grown under

shade .

A second h a r v e s t  in t h e  shaded  plants  was not poss ib le

due to delayed flowering' . When th e  y ie ld  of only one h a rv e s t



Table, 13. Effect of l e v e l s  of shade on herbage y ie ld ,  o il  content and o i l  y ie ld

Levels of shade
Herbage y ie ld , t ha 1 Essen t ia l oil

%
content, Essen t ia l  

oil  y i e l d .
FWB DWB FWB DWB kg ha *

No shade
(100 per  cent l ig h t )  >

20. 17 15.33 0.44 0.58 89.63

Low shade
(75 pe r  cent shade)

12.49 9.29 0.33 0.45 40.45

Medium shade  
(50' pe r  cent shade)

11.21 8.33 0.26 0.37 30.32

High shade
(75 p e r  cent shade)

8-. 08 5.99 0.25 0.35 20.99

SEm + 0.96 0.73 0.11 ■ 0.05 5.21

CD (0.05) 2.964 2.251 0.040 0.157 16.053

FWB = F resh  weigh t  bas is  
DWB = Dry weight bas is
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was considered  then low shaded  p lan ts  were  found to perform

s l ig h t ly  be t te r  since t h e  y i e ld  obta ined from the  open was less  

(11.5  t  ha *) compared to 25 per  cent sh ad e  (12.5 t ha  *) on 

FWB and the  corresponding f igures  on DWB were  8.8 and 9 .3  t ha

2 . 2 . 2 .  Oil content

The percentage of o il  on f r e s h  and d ry  weight basis

decreased  l inea r ly  with inc rease  in fhe  in tens i ty  of shade .  The 

h ig h e s t  value was recorded  with 100 p e r  cent  l i g h t  (0.58 per

cent) on d ry  weight bas is  and i t  was on pa r  with 25 pe r  cent 

shaded condition.  Higher in tens i t i e s  of sh ad e  v i z . ,  50 and 75 

per  cent recorded lower oil  contents .  Sim ilar r e su l t s  in o ther

e ssen t ia l  oil  y ie ld ing  c rops  such as Japanese  mint and peppermint 

have been repor ted  by many w orke rs  (Handerson, 1911 and Dutta, 

1971). Not much d i f fe rence  was o bse rved  in th e  o i l  content

between open (0.46 per  cent) and 25 per  cent sh ad e  (0.45 per

cent)  when only a single h a r v e s t  of the  open was cons ide red .

2 .2 .3 .  Oil yie ld

The yie ld  of oil obta ined from plants  grown under full  

l igh t  recorded  the  maximum value (89.63 kg h a - 1 ) and was s igni

f icantly  super io r  to a ll  o the r  shade  l e v e l s .  The inc rease  in oil  

y ie ld  was almost l inea r  with  inc rease  in l i g h t  in tens i ty .  The 

h ig h es t  oil  y ie ld  under, open condition may be a t t r i b u t e d  to th e

h igher  herbage y ie ld  and oil  content reco rded  under th i s  treatment



which a r e  th e  contr ibut ing  fac tors  for oil  y i e l d .  Again, t h e  o il  

y ie ld  from a s ingle  h a r v e s t  of th e  p lan ts  in t h e  open (40.57 kg 

ha ) was found to be almost equal to  th a t  under  25' p e r  cent 

shade  (40.45 kg ha *).

2 .3 .  Ef fec t  of l ev e l s  of s h ad e  on oil  q u a l i ty  and eugenol y ie ld

The d a ta  obtained on the  p h y s ico -ch em ica l  p r o p e r t i e s  of 

the  oil  a r e  p resen ted  from Table  14 to 16.

2 .3 .1 .  P h y s ic a l  p ro p e r t i e s  of oil

Spec if ic  g rav i ty  of oil  was influenced s ign i f ican t ly  due

to t rea tm en ts  (Table  14).  The values  v a r i e d  from 0.965 to 0 .993.  

The values  obtained showed a tendency to d e c r e a se  a t  h ighe r  

leve l s  of sh ad e .

The e ffect  of th e  treatments  was not s ign i f ican t  in the

case  of r e f r a c t i v e  index of o i l - a n d  the  values  ranged from 1.518

to 1,524. As in the  ca se  of sp e c i f i c  g ra v i ty  of o i l  the  values  

obtained a t  h ighe r  in tens i t ie s  of s h ad e  were lower than th a t  under 

open condit ion.  This may ■ be due to th e  d e c rea se  in th e  eugenol 

content which e x h ib i t s  h igher  values for the  above two p r o p e r t i e s  

compared to th e  o ther  components id en t i f ied  in t h e  s tudy  (Anon.

1965).

Though th e r e  was s ignif icant d i f f e rence  in -the so lu b i l i ty

of the  oil  due to trea tments  the  values  va r ied  from 1.26 to 1 .54.



Table 14. Effect of leve l s  of shade on the phys ica l  properties  of oil

Levels  of shade
Specif ic  
g ra v i ty  at 

30° C

Refrac t ive  
index at 

30°C

Solubi l i ty  
in 70%
a l c o h o l ( v o l . )

Opt ical
ro ta tion

No shade
(100 pe r  cent l igh t )

0.990 1.524 1.32 -13.0°

Low shade
(25 pe r  cent s'hade)

' 0.993 1.524 1.26 -13.7°

Medium shade  
(50 per cent shade)

0.965 1.518 1.54

O00J

High shade
(75. pe r  cent shade)

0.975 1.521 1.44 -16.8°

SEm+-- * 0.006 0.000 0.048 0.044

CD (0.05) 0.0191 • NS 0.150 0.13

NS = Not significant



A d e c r e a s e  in the  so lub i l i ty  of oil  was noticed a t  h igher  l e v e l s  

of s h a d e  in tensity  and th is  may a lso  be due to th e  d e c rea se  in

th e  con ten t  of eugenol which is  having a high s o lu b i l i ty  compared 

to t h e  o t h e r  components identi f ied .

O pt ica l  rotation of the  oil was a lso not influenced s ig n i f i 

cantly  by the  d i f fe ren t  leve l s  of s h ad e .  The values  of op t ica l  

ro ta tion  recorded  for 0, 25, 50 and 75 p e r  cent s h a d e  lev e l s  \vere 

-1 3 .0 ° ,  -1 3 .7 ° ,  -18.5° and -16.8° r e s p e c t iv e ly .  The h ighe r  o p t ica l  

a c t i v i t y  recorded  under higher  in tens i t ie s  of s h a d e  may be due 

to th e  reduced content of eugenol in th e  oil which  was found to

possess  no opt ica l  a c t i v i ty .

2 .3 .2 .  Chemical composition of oil  determined by Gas l iqu id

chromatography

The resu l ts  revealed  high -variation in t h e  eugenol content

of the  oil  due to d i f f e r en t  levels  of shade  (Table  15 and Fig.  12 to

16). Eugenol content was found to d e c rea se  as th e  in tens i ty  of

shade  increased  from 0 to 75 pe r  cent .  The h ig h e s t  value (72.0 

pe r  cent)  was recorded  for no sh ad e  and the  lowest  va lue (57.0 

pe r  cent)  under 75 pe r  cent shade .  The low content of eugenol 

under shaded  conditions may be due to th e  in h ib i t i o n  of eugenol

» s y n th e s i s  under shaded conditions or the  convers ion  of eugenol 

in to  o th e r  const i tuents .  This explanation  seems logical  in t h a t  

the  percentage  of o the r  minor consti tuents  in the  oil  v i z . ,



Table 15. Effect of l e v e l s  of shade on chemical constituents of o il  (determined by GLC)

Levels of shade Eugenol, 
v %

B-caiyophyl l e n e ,
%

Y-cadinene,
96.

p

Myrcene/
Limonene

%

4 - te rp in e o l ,
%

No shade
(100 pe r  cent l igh t )

72.03 2.62 6.10 9.53 0.55

Low shade
(25 per cent shade)

69.12 3.11 7.12 8.47 0.60

Medium shade  
(50 per  cent shade)

60.60 3.55 7.75 12.50 0.54

High shade
(75 pe r  cent shade)

57.0 2.90

r

7.18 9 . 74 0.57

- a
oo
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RT

1.86
5.38 
7.11
7.39 
8.13 
8.41 
9.02 
9.89

10.73 
11.20 
11.53 
11.97 
12.52 
14-. 16 
14.57
15.28 
15.83
16.28 
17.06 
17.26
17.76
18.24 
18.75 
19.31 
20.62 
21.91 
22.36
22.77 
23.79 
24.87 
25.16
26.25 

.26 .84
27- 68 
28.10
28.78 
29.23
31.33 
32.11
35.60
36.60
39.33

AREA

29780 
233700 
214100 
182100 

9224 
87060 

5149000 
140100 

97060 
13880 
64960 
54810 
36120 
37590 

295500 
22630 

5722 
11940 
53830 
95240 

• 32820 
144000 
320500 
376200 

1414000 
38930000 

143600 
3295000 

522300 
77080 

188100 
113400 
200800 
112000 

83920 
225200 
299700 
120400 

89420 
195900 

85860 
239100

AREA %

0.055 
0.432 
0.396 
0.337 
0.017 
0.161 
9.527 
0.259 
0.180 
0.026 
0 . 120  
0 . 1 0 1  
0.067 
0.070 
0.547 
0.042 
0.011 
0 . 022  
0 . 1 0 0  
0.176 
0.061 
0.266 
0.593 
0.696 
2.616 

72.034 
0.266 
6.097 
0.966 
0.143 
0.348 
0.210  
0.372 
0.207 
0.155 
0.417 
0.555 
0.223 
0.165 
0.362 
0.159 
0.442
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RT AREA AREA %

0.48 402 0.001
0.95 394100 0.776
5.37 175500 0.345
7.11 181100 0.356
7.40 141800 0.279
8.13 4829 0.010
8.40 66740 0.131
9.02 4304000 8.471
9.88 131800 0.259

10.33 1969 ' 0.004
10.67 124300 0.245
11.17 28470 0.056
11.51 76440 0.150
11.96 56940 0.112
12.51 46220 0.091
14.58 306200 0.603
15.29 24580 0.048
17.32 58680 0.115
17.77 39690 0.078
18.29 94960 0.187
18.75 355200 0.699
19.30 507000 0.998
20.61 1578000 3. 106
21.84 35120000 69.122
22.72 3615000 7. 115
23.73 641000 1.262
24.69 9$420 0.196
25.09 216000 0.425
26.20 146900 0.289
26.75 222900 0.439
27.57 142500 0.280
27.99 104200 0.205
28.64 308100 ■ 0.606
29.10 385400 0.759
31.19 176200 0.347
31.92 163100 0.321
33.18 158300 ; 0.313
35.13 97540 0.192
36.61 24340 0.048
37.54 23720 0.047
39.01 465200 0.916
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RT AREA AREA %

0.44 50 0.000
0.87 1087000 1.668
3.25 289 0.000
5.27 347200 ' 0.533
6.95 349400 0.536
7.23 258300 0.396
7.94 9846 0.015

■8.24 123100 0.189
8.89 . 8182000 12.552
9.74 329100 0.505

10.53 227300 0.349
11.05 40090 0.062
11.37 118100 0.181
11.83 9.3720 0.144
12.39 32280 0.050
13.35 4278 0.007
14.03 7094 0.011
14.42 353300 0.542
15.13 32300 0.050
15.55 3124 0.005
16.00 6742 0.010
16.93 99840 0.153
17.61 60310 0.093
18.58 587000 0.901
19.13 764600 1.173
20.45 2312000 3.547
21.73 39500000 60.597
22.61 5049000 7.746
23.60 ' 863800 1.325
24.69 193200 0.296
25.06 390200 0.599
26.08 228100 0.350
26.60 339100 . 0.520
27.39 290600 0.446
28.48 536800 0.824
28.91 551200 0.846
30.95 215700 0.331
31.71 127900 0.196
32.96 83360 0.128
36.68 872200 1.338
38.71 313100 0.790
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RT AREA AREA %

0.43 62 0.000
0.82 522100 0.741
4.14 135800 0.019
4.86 445700 0.633

■y6.39 336000 0.477
"6.78 239600 0.340

7.40 12650 0.018
7.77 131000 0.186
■8.41 6862000 9.740
9.24 276000 0.392

10.04 200800 0.285
10.57 35060 0.050
10.88 113600 0.161
11.32 72960 0.104
11.87 35250 0.050
12.03 455200 0.646
12.83 8940 0.013
13.55 29230 0.041
13.66 22180 0.031
13.94 405300 0.575
14.66 68100 0.097
15.16 27990 0.040
15.50 60790 0.086
16.67 150700 0.214
17.16 105900 0.150
17.62 71000 0.101
18.14 636000 . 0.903
18.68 1237000 1.756
19.56 ' 448100 0.636
19.75 406600 0.577
20.03 2104000 2.986
20.87 40830000 57.953
22.20 5060000 7.182"
23.22 114600'0 1.627
23.94 245900 0.349
24.32 259600 0.368
24.66 447900 0.650
25.64 541300 " 0.768
26.19 ■ 836400 1.187
26.92 . 313200 0.445-
27.31 273300 0.388
28.03 998800 1.418
29.25 193400 0.275
29.72 207000 0.294
30.38 215900 0.306
31.66 951600 1:351
35.86 980800 - 1.392
37.93 1228000 1.743
39.63 181600 0.258
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Table 16. Effect of l e v e l s  of shade on eugenol content (determined by chemical
6 analys is )  and eugenol yie ld

Levels of shade Eugenol content,  
%

Eugenol y i e ld ,  
kg ha~^

No shade
(100 per  cent  l igh t)

80.60 72.24

Low shade
(25 pe r  cent  shade)

79.12 32.00

Medium shade  
(50 per cent  shade)

71.20 21.53

High shade
(75 pe r  cent  shade)

70.40

>

14.61

SEm + 0.50 4.07

CD (0.05) 1.538 12.546
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myrcene,  Y -cadinene and p - c a r y o p h y l l e n e  were  found to increase  

as the  l ev e l s  of shade  inc reased .

2 .3 .3 .  Eugenol content (de te rmined by chemical  method) and eugenol

y ie ld

The re su l t s  ind ica ted  t h a t  t h e  eugenol content determined 

by chemical method .manifested  s im i la r  t rend  as in GLC analys is  

(Table  16).  Highest  eugenol content in th e  o i l  (80.60 per  cent) 

was observed  under open condit ion and was on pa r  with  low shade  

l e v e l .  High in tens i t ie s  of sh ad e  recorded  s ignif icantly  lower 

eugenol content.

The eugenol y ie ld  for t h e  d i f f e r en t  in tens i t ie s  of shade  

va r ied  from 14.61 to  72.24 kg ha  ^ . Maximum eugenol was 

produced by th e  crop grown under  fu l l  i l lumination and i t  was 

s ignif icantly  super io r  to  a l l  o th e r  t re a tm en ts .  The eugenol yie ld  

decreased  with inc reas ing  le v e l s  of sh ad e  and the  lowest value 

was recorded  at  the  h ig h e s t  s h ad e  l e v e l .  The eugenol y ie ld  per  

unit  a rea  is determined by the  o i l  y i e ld  and eugenol content of 

the  o i l .  In the  p resen t  s tudy  both  of them were  the  h ighes t  in 

the  crop grown under  open condi t ion  and na tu ra l ly  the eugenol 

y ie ld  was also  the  h ig h es t  under t h i s  tr ea tment .

2 .4 .  Effect  of leve l s  of sh ad e  o n . p l a n t  nu t r ien t  content and uptake

Data re la ting  to t h e  nutr ien t  content  and uptak^  a re  presented 

In Tables 17 to 20.
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2 . 4 . 1 .  Nitrogen content

Though the re  was significant d i f f e rence  due to trea tments ,

v a ry in g  leve l s  of shade  did not show any p a r t i c u l a r  t rend in 

r e s p e c t  to  the  N content . of the  he rbage  (Tab le  17) .  As the  inten

s i ty  of shade  increased from full  i l lumination to  25 p e r  cent shade  

t h e  N content also increased s ign i f ican t ly .  However,  fu r th e r  

inc rease  in the  Intensity  of shade  - s ig n i f i c a n t ly  d ecreased  the  N 

content .  Muramato et a l . (1967) a lso  o bse rved  a d e te r io ra t ion  in

th e  pho tosyn the t ic  mechanism of l eaves  due to shad ing  and a

consequent reduction in the  nitrogen content of t h e  l e av es .

2 .4 .2 .  Phosphorus  content

The influence of d if ferent l ev e l s  of s h ad e  on the  P content 

of th e  herbage was s ignif icant.  The re  was not much va r ia t ion  in 

th e  P content under th e  open condition and t h a t  under 25 and

50 per  cent shade .  At the  h ighes t  s h ad e  in te n s i ty  level t r i ed  

the  P content increased signif icantly  and i t  was s ignif icantly  

h igher  than al l  the  o ther  treatments .

2 .4 .3 .  Potassium content

With, increasing levels  of s h ad e  the  K content of the

herbage  increased s ignif icantly .  The h ig h e s t  K content of 2.82
Of

per  cent recorded  under 50 per  cent s h ad e  was on p a r  with 75 

per  cent shade .  The tendency of potassium content was to increase



Table 17. Effect of l e v e l s  of shade on N, P, K, Ca and Mg content o f ’clocimum, per cent

Levels  of shade Nitrogen Phosphorus Potassium Calcium Magnesium

No shade
(100 pe r  cent, l igh t )

1.91 0.39 2.03 3.47 0.49

Low shade
(25 per  cent shade)

2.23 0.40 2.23 3.37 0.52

Medium shade 
(50 pe r  cent shade)

1.36 0.36 2.82
P

3.88 0.40

High shade
(75 p e r  cent shade)

1.47 0.69 2.81 2.84 0.48

SEm + 0.08 1.01 0.18 0.17 0.02

CD (Q..05) 0.250 0.030 0.573 0.523 0.075

GO
ro
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with increase  in shade l e v e l s .  The ro le  of potass ium ions under 

s t r e s s  conditions is well e s t a b l i sh e d  (T isd a le  and Nelson, 1956). 

George (1982) also  observed  increased  K content under  high shade 

in cowpea and groundnut. Similar  r e s u l t s  of in c rease  in content 

of K by shading have been wide ly  rep o r ted  in s ev e ra l  c rops  

(Myhr and Saebo, 1969; Can t i l l i f fe ,  1972 and Rodriguez et  a l . , 

1973).

2 . 4 . 4 .  Calcium content

Though the  calcium content of th e  p lants  was influenced 

s ign if ican t ly  due to t rea tments  no s ign i f ican t  d i f ference  was 

recorded  under 0, 25 and 50 per  cent s h a d e  l e v e l s .  The minimum 

value of 2.84 per cent observed  under in tense  s h ad e  of 75 per 

cent was significantly lower than th e  v a l u e s . obta ined in a ll  the 

o the r  t rea tments .

2 .4 .5 .  Magnesium content

The magnesium content of the  h e rb a g e  was ■ a lso  influenced 

s ign if ican t ly  with d i f ferent  leve l s  of s h a d e .  But no de f in i te  trend 

was noticed with  changes in the  in te n s i ty  of sh ad e .  The values 

va r ied  from 0.40 to 0.52 per cent.

2 . 4 . 6 .  Iron content
i f

Maximum iron content was re c o rd e d  by the  treatment of

low ’ shade  and i t  was on pa r  with  no s h ad e .  Higher  in tens it ie s  

of shade  t r i ed  signif icantly  decreased  th e  content  (Table  18).



Table 18. Effect of l e v e l s  of shade on Fe, Mn and Zn of clocimum, ppm

Levels  of shade Iron Manganese Zinc

No shade
(100 per  cent l igh t)

411.06 92.46 17.98

Low shade
(25 per cent  shade)

521.42 98.00 25.40

Medium shade
(50 pe r  cent shade)

242.56 75.70 56.90

High shade
(75 per  cent  shade)

267.50 72.00 26.90

SEm + 18.73 6.54 7.91

C-D (0.05) 150.155 20. 155 24.388
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2 A . 7. Manganese content

T h e re  was s igni ficant d i f f e r en ce  In t h e  manganese content

due to t rea tm en ts .  The manganese content  showed a tendency to

dec rea se  under the  high in tens ity  of s h ad e .

In general ,  the  decrease  in Fe and Mn contents a t  h ighe r

in tens i t ie s  of shade  ind ica ted  the  i n a b i l i t y  of the  p lants  to absorb  

th e se  mic ronutr ients  under  intense  s h ad e .

2 .4 .8 .  Zinc content

The zinc content '  of the  h e rb a g e  increased  with inc rease  

in the  in tens i ty  of s h ad e  from no sh ad e  to medium shade .  The

medium shade  level recorded  maximum value (56.90 ppm) and with 

f u r th e r  increase  in the  shade  level the  zinc content decreased .

2 .4 .9 .  Nitrogen uptake

T he re  was s ignif icant d i f f e rence  in th e  up take  of N with

d if fe ren t  leve l s  of s h ad e  and th e  up tak e  decreased  with increase  

in the  in tens i ty  of sh ad e .  The maximum up take  was recorded  under 

full  i l lumination followed by the  l i g h t  sh ad e  le v e l  (25 per  cent) 

and both these  trea tments  were s ign i f ican t ly  h ighe r  than the  

t rea tments  at higher - sh ad e  in t e n s i t i e s .  The up take  of N followed 

th e  same trend as th a t  of d ry  matter  production  (Table  19).



Table 19. Effect of varying leve l s  of shade on uptake of N, P, K, Ca and Mg, kg ha ^

Levels of shade Nitrogen Phosphorus Potassium Calcium Magnesium

No shade
(100 per  cent l igh t)

296.34 58.54 312.64 529.59 74.43 .

Low shade
(25 per  cent shade)

207.23 37.16 206.68 315.12 48.38

Medium shade
(50 pe r  cent shade)

112. 17 30.10 233.61 322.23 33.55

High shade  •
(75 pe r  cent shade)

88.55 41.48 165.08 170.35 28.57

SEm + 18.90 2.42 1-9.36 28.47 3.44

CD (0.05) 58.239 7.468 59.649 87.736 10.592

*

oo 
c n



2.4 .10 .  Phosphorus uptake

Different leve l s  of s h a d e  influenced s ign if ican t ly  the  up take

of P. The highest  up take  was recorded  by the  p lants  grown in

the  open and i t  was s ign i f ican t ly  su p e r io r  to a l l  o ther shade

le v e l s .  The result s  r ev ea led  th a t  as in the  case  of N the uptake

was influenced mainly by th e  d ry  m a t te r  y ie ld .

£*■

2 .4 .11 .  Potassium uptake

Uptake of K was maximum and s ign if ican t ly  higher under

ful l  il lumination than a l l  o th e r  t r e a tm e n ts .  The lowest  uptake was

recorded a t  the  h ighes t  s h a d e  le v e l  and i t  was s ignif icantly  lower

than 0 and 50- per cent s h ad e  l e v e l s .  The e ffect  of the h igher

K content recorded at  h ig h e r  in ten s i t i e s  of sh ad e  was not reflec ted  

in the  uptake  as th e  h e rbage  y ie ld s  obta ined under the shaded

condition was remarkably  low,

2 .4 .12 .  Calcium uptake

The calcium up take  decreased  with  inc rease  in th e  intensity 

of shade .  The maximum value was re c o rd e d  at  tiie open condition 

and i t  was sign if icantly  h ighe r  than t h a t  a t  a l l  o ther shade

leve l s .  Though no d e f in i te  t rend  was noticed in the  calcium

content of the  plants  due to s h a d e  l e v e l s ,  th e  uptake  showed
A t

a def in i te  trend and i t  again conf irmed the  influence of dry matte r 

production in determining t h e  up take .
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2 .4 .1 3 .  Magnesium uptake

The uptake  of Mg was influenced s ign i f ican t ly  by va ry ing

le v e l s  of shade  and the  uptake inc reased  l in e a r ly  with  inc reas ing  

in tens i ty  of l ig h t .  The h ighes t  va lue recorded  under  fu l l  i l luminat

ion was s ignificant ly  h igher  with an up take  of 74:43 kg ha * 

followed by the  next succeeding in tens i ty  of s h ad e  (25 p e r  cen t) .  

The  lowest value was recorded  with 75 p e r  cent s h a d e  le v e l .  

The up take  of magnesium also followed the  same p a t te rn  as t h a t  

of the  d ry  matter production.

2 .4 .1 4 .  Iron uptake

The uptake of iron increased almost l in e a r ly  with  in c re a s 

ing in tens ity  of i l lumination (6.18 kg ha *) -and the  minimum under 

75 per cent shade  (1.59 kg ha (Table  20).

2 .4 .15 .  Manganese uptake

As in iron uptake  s imi la r  trend  was o b se rv ed  for Mn

uptake  a lso .  Maximum uptake  was recorded  with 100 p e r  cent l igh t  

and i t  was s t a t i s t i c a l ly  higher than the  values  obta ined  a t  the  

medium and in tense shade  l e v e l s .  The uptake  of Mn a t  d i f f e r en t  

l ev e l s  of shade  ranged from 0.43 to 1.40 kg ha- ^.

2 .4 .16 .  Zirifc uptake

Different  leve l s  of shade  showed no s ign i f ican t  influence 

on th e  Zn uptake  by the  p la n t s .  The range in the  va lues ,

however,  va r ied  between 0.16 and 0.47 kg h a - 1 .



Table 20. Effect of l e v e l s  of shade on uptake of Fe, Mn and .Zn, kg ha *

Levels  of shade Iron Manganese Zinc

No shade
(100 p e r  cent  l igh t)

6.18
9

1.40 0.28

Low shade
(25 p e r  cent  shade)

4.73 0.90 0.23

Medium shade  
(50 pe r  cent  shade)

2.02 0.62 - 0.47

High s h ad e
(75 p e r  cent  shade)

1.59 0.43 0.16

SEm + 0.49 0.09 0.08

CD (0.05) '1.497 0.272 NS

NS = Not significant
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From the resu l ts  of the p re s e n t  s tudy i t  can be concluded 

th a t  fo r  obtaining maximum quan t i ty  of qua l i ty  oil pe r  unit a rea
St

t h e  c ro p  has to be grown under open condit ion and has to be
\

h a r v e s te d  a t  the  ea r ly  flowering s tage  {60 days  af te r  p lan t ing) .  

If only one cyc le  of h a r v e s t  is cons ide red  in th e  shade  e x p e r i 

ment then  25' per cent shaded  p lan ts  can be considered  as good

as th a t  under open,. The phys ico -chem ica l  p ro p e r t i e s  of oil  

obta ined showed th a t  I t  can form a 'good su b s t i tu te  for the  high 

p r ic ed  clove and cinnamon o i l s  for th e  production  of eugenol.

The clpcimum oil  has more s i m i l a r i t i e s  with cinnamon o i l  in

re sp ec t  to the  p h y s ica l  p r o p e r t i e s  and a lso  the  eugenol content 

but d i f fe red  very  much from clove  oil  with regard  to these

p r o p e r t i e s .
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SUMMARY

An inves t iga t ion  was conducted at  the  Aromatic * and 

Medicinal Plants  Research  Sta tion,  Odakkali  to study the  effect  

of f ive  h a r v e s t  i n t e r v a l s  of 60, 75, 90, 105 and 120 days and

four l e v e l s  of shade  v i z . ,  0, 25, 50 and 75 p e r  cent on the yie ld

and qual i ty  of clocimum o i l .  Two f i e ld  exper iments  were conducted
£»■

s ep a ra te ly  in a randomised b lock design during 1988-90. In 

addit ion to th e  above h a r v e s t  i n t e r v a l s ,  i n t e rv a l s  less  than 60 

days  were a lso  t r i e d  as an obse rv a t io n  s tudy on the  ratoon crop . 

This  was necess i ta ted  since th e  oil  obtained at the sh o r te s t  

h a rv e s t  in te rv a l  of 60 days  contained h ighes t  oil and eugenol 

content.  The re su l t s  of the Inves tigat ions  a re  summarised below 

under two heads .

1. Effect of in te rv a l s  of h a r v e s t  on quan t i ta t ive  and qua l i ta t ive  

parameters  of clocimum oi l ,  nu t r ien t  content and uptake.

2. Effect  of d i f f e ren t  l e v e l s  of sh ad e  on y ie ld  and quali ty of 

clocimum o i l ,  nu t r ien t  content and up take .

Effect of in terva ls  of h arvest on quantitative and qualitative para
meters of clocimum o i l ,  nutrient content and uptake

Different in t e r v a l s  of h a r v e s t  d id  not influence significantly 

growth and most of th e  y ie ld  a t t r i b u t e s .  The crop harvested at 

75 days  in te rv a l ,  how ever ,  r eco rded  the  maximum number of
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f lowered  b ranches ,  length of in florescence and leaf  a rea .

H arves t  i n t e rv a l s  showed s igni ficant influence on herbage  

y i e l d ,  oil  y ie ld  and o i l  content and the  maximum value for all  

t h e s e  pa ram e te r s  was recorded  at  the  60 day in te rv a l  which was 

on p a r  w i th  75 day in t e r v a l .  In the  observa t ion  s tudy  conducted

on th e  ratoon c rop ,  the  oil  content showed an increas ing  t rend

as th e  i n t e rv a l  increased  from 40" to 60 days  and th e re a f t e r  it

showed a decreas ing  t r e n d .  Sixty days  h a r v e s t  in te rv a l  coincided 

with e a r ly  flowering  s tage  of the c rop .

All th e  phy s ica l  p ro p e r t i e s  of oil  excep t  r e f r a c t iv e  index 

was s ignif icantly  influenced by h a r v e s t  i n t e r v a l s .  Increas ing th e  

in te rv a l  of h a rv e s t  from 60 to 120 days  decreased  the  spec i f ic  

g r a v i ty ,  r e f ra c t iv e  index and so lub i l i ty  in 70 per. cent alcohol 

and increased  the  op t ica l  ro ta tion.  But when th e  h a r v e s t  inverva l  

was inc reased  from 40 to 60 days ,  the  spec i f ic  g rav i ty  and 

r e f r a c t iv e  index of oil inc reased  and so lub i l i ty  of oil dec rea sed .

Analysis  of the  oil by GL.C showed t h a t  eugenol content 

decreased  with  increase  in th e  h a r v e s t  in v e rv a l s  from 60 to 120 

d a y s .  The contents of a l l  the  o the r  components Ident i f ied  v i z . ,  

p - c a r y o p h y l l e n e ,  limon.ene, Y -cadinene increased  with increase  

in th e  h a r v e s t  i n t e r v a l s .  Analysis o£ the  oil  samples collected

from the  ratoon crop a t  40 and 60 days  h a r v e s t  in t e r v a l s  showed 

r e l a t iv e  s t a b i l i t y  in ■ th e  eugenol content but the  percentage  of
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the  o th e r  components inc reased  with inc rease  in the  h a rv e s t  

in t e r v a l .  The eugenol content of o i l  as de termined by chemical 

method a lso showed s im i la r  trend as in GLC.

Eugenol y ie ld  was s ignif icant ly  influenced by the  d i f fe ren t  

h a r v e s t  in t e r v a l s .  H a rv es t  in te rv a l  of 60 days  gave the  maximum

value and i t  decreased  w i th  inc rease  in the  h a r v e s t  in t e rv a l s .

As the  i n t e r v a l s  of h a rv e s t  in c reased ,  th e  N, P, K and 

Mg contents of the  h e rb ag e  d e c r e a se d .  The maximum content for 

a l l  th e se  nu tr ien ts  r e c o rd ed  at  the  60th day was on par with 

75 days  h a r v e s t  in t e rv a l  excep t  in th e  case  of P. No signif icant 

d if ference  in th e  concentra tion of the  mic ronutr ien ts  Fe, Mn and

Zn resu l ted  with v a r ia t io n  in the  h a r v e s t  i n t e r v a l s .

No s ignif icant  v a r i a t io n  in th e  up take  of N, P, Ca and

Mg was noticed due to d i f f e r en t  i n t e r v a l s  'of h a r v e s t .  But the  

K up take  was influenced s ign if ican t ly  and i t  showed a tendency 

to d ec rea se  with in c re a se  in th e  i n t e rv a l s  of h a rv e s t .  Although

no p a r t i c u la r  trend  was o bse rved  in t h e  up take  of mic ronutr ients ,  

the  h ig h es t  up take  was recorded  for the  60th day in te rva l  for 

al l  the  m ic ronu t r ien ts .

Effect of d ifferen t le v e ls  of shade on the growth, y ie ld  a ttrib utes, 
y ie ld  and quality of clocimum o il

The decl in ing e f fec t  of sh ad e  on p h o tosyn thes is  and t r a n s 

location was re f lec ted  in a l l  the  p r im ary  y ie ld  components.  The
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effect  of sh ad e  on plant he igh t  and s p re ad  was pos i t iv e  upto in t e r 

media te  shade  le v e l  w hereas  i t s  e f fec t  on number of branches ,

number of f lowering shoo ts ,  length of in f lorescence  and leaf area  

was n ega t ive .
f

The flowering and a tta in tment  of matur i ty  were delayed 

p r o g r e s s i v e ly  with increas ing in tens i t i e s  of sh ad e .  Two h a rv e s t s  

, could be obtained under open condit ion whereas  only a single
O'

h a r v e s t  was p o s s ib le  in a l l  the  o th e r  t rea tm en ts .  Hence the  tota l  

herbage  y ie ld  was h ig h e s t  in the  open which showed a decreasing 

trend with inc rease  in the  in te n s i t i e s  of sh ad e .  The h ighes t

values of oil content and oi l  y ie ld  were  a lso recorded  by the  

p lants  grown in the  open and i t  was s ign if ican t ly  super io r  to the  

r e s t  of the  t re a tm en ts .  All the  h a r v e s t s  were made at  50 per 

cent f lowering stage of the  c rop .  If only a s ingle  h a rv e s t  of the

crop in th e  open is cons ide red  the  herbage  y ie ld ,  oil yie ld  and 

oil  content under open wil l  be almost equal to t h a t  under 25 per

cent shade .

The p h y s ica l  p ro p e r t i e s '  of o i l  were also  significantly

influenced by vary ing  l e v e l s  of s h ad e .  The values  for a ll  the

parameters  decreased  with  inc rease  in t h e  in tens i t ie s  of shade

upto the  medium shade  le v e l  of 50 p e r  cent and t h e re a f t e r  showed

an increas ing t r e n d .  , ■



T h e  GLC analys is  of the o i l  showed th a t  eugenol content 

of t h e  o i l  decreased  with increase  in th e  l e v e l s  of shade .  The 

h ig h e s t  va lue  for eugenol was recorded  under the  open condition .  

The con ten ts  of the  o ther consti tuents of the  oi l  v i z . ,  p -ca ryophy l lene ,  

Y-cad imene  and myrcene showed an increas ing  t rend  upto th e  i n t e r 

m ed ia te  sh ad e  le v e l .  The eugenol content de termined  by chemical 

method showed s igni ficant  var ia t ion  due to t rea tm en ts  and i t  

de c rea se d  with increase  in the  in te n s i t i e s  of s h ad e .  Maximum 

content was recorded  under open condition  and i t  was on p a r  with ,

t h a t  under  25 pe r  cent shade .

Eugenol yie ld  was also s ign if ican t ly  influenced by the

d i f f e r e n t  shade  l e v e l s .  Open condition gave the  maximum value 

which d ecreased  p ro g res s iv e ly  u p to" the  h ig h e s t  s h a d e  in tens i ty .

Though s ignif icant d if ference  in th e  N, P, K, Ca and Mg 

contents w.ere noticed with va ry ing  le v e l s  of sh ad e  only K content 

showed a p e r s i s t e n t  . increase  with shad ing  of t h e  c ro p .  No def in i te  

pa t te rn  was noticed in th e  contents of o ther  nu t r ien ts  with change 

in the  in tens i t ie s  of sh ad e .  Though th e  contents of mic ronutr ien ts  

was a lso  influenced s ignif icant ly  due to t rea tments  no regular  trend 

was o b s e r v e d .

~ The uptake  of a l l  the  nu tr ien ts  inc reased  with  increas ing 

in tens i t i e s  of l ig h t .  It was also noted t h a t  the  d ry  rciatter p roduc t 

ion had the  dominant ro le  in decid ing  th e  to ta l  up take  and th a t

th e  h ig h e r  d ry  weight of the  unshaded-  p lo ts  compensated for the  

h ighe r  contents of potassium in shaded  p lo t s .
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ABSTRACT

Clocimum (Ocimum gratissimum L inn . ) ,  an e s s e n t i a l  oil  crop 

in t roduced  in Kerala from Oammu, near ly  a decade  ago, is  slowly 

rep lac ing  th e  o ther  eugenol y ie ld ing  sources  v i z . ,  c love  and 

cinnamon o i l s . .  Severa l  agro- techniques  have  y e t  to be s tan d a rd i s e d  

for t h e  commercial cu lt iva tion  of th i s  crop in t h e  S ta te .  The 

p re sen t  s tud ies  were  undertaken at  t h e  Aromatic and Medicinal 

Plants Research  Station,  Odakkal i  dur ing 1988-90. Two f ie ld  e x p e r i 

ments were la id  out sep a ra te ly  one to obta in  informat ion on the  

optimum time of h a r v e s t  fo r  getting maximum y ie ld  of qua l i ty  

oil  and th e  o ther  to s tudy  th e  effect  of shade  on th e  product ion 

and qua l i ty  of o i l .  The average removal of N, P, K, Ca, Mg,

Fe,  Mn and Zn from th e  so il  by clocimum has a lso  been worked

o u t .

The  treatments  in one exper iment  consis ted  of f iv e  in te rv a l s  

of h a r v e s t  (60, 75, 90, 105 and 120 days)  and four leve l s  of

shade  (0, 25, 50 and 75 pe r  cent)  were  t r i e d  in th e  second

exper im en t .  Both exper iments  were  la id  out in randomised block 

design.  The requ ired  in tens i ty  of sh ad e  was p ro v id e d  by erecting

' a r t i f i c i a l  pandals .  A Aplab luxmete r  was used for ad jus t ing  the  

shade  in tens i t ie s .
*■- -

The invest igations  revealed  t h a t  herbage  y i e l d ,  o i l  y ie ld  

and oil  content were maximum at  60 days  h a r v e s t  in te rv a l  (ea r ly



f lowering stage) and i t  was on pa r  with 75 days  h a r v e s t  in t e rv a l .  

With f u r t h e r  increase  in the  h a r v e s t  i n t e rv a l s  th e se  paramete rs

were  found to dec rease .  Sixty days  h a r v e s t  in te rv a l  also  recorded

th e  maximum eugenol content and i t  was s ign if ican t ly  super io r

to  a l l  o th e r  tr ea tm ents .  The concentra tion and up take  of macro

and micronutr ien ts  were a lso maximum at t h i s  in t e rv a l .

Among th e  shade  le v e l s  t r i e d  th e  herbage  y ie ld  was m ax i -
o-

mum under open condition as th e  p lan ts  f lowered e a r ly  and so 

two h a r v e s t s  could be taken under t h i s  trea tm ent whi le  only one 

h a r v e s t  could be obtained for th e  o th e r  t rea tm en ts .  The oil  y i e ld ,  

o i l  content,  eugenol content were a lso maximum under open 

condit ions .  The content of almost a l l  nu t r ien ts  s tud ied  d id  not 

show any p a r t i c u la r  trend  excep t  in th e  case  of K which showed 

a tendency to inc rease  with shad ing .  The up take  of al l  nu tr ien ts  

was maximum under ful l  i l lumination w hich  decreased  with in c re a s 

ing shade  in tens i ty .

The re su l t s  thus indica ted  t h a t  the  optimum in te rva l  of 

h a r v e s t  is  between 60 and 75 days  i . e . ,  h a rve s t ing  th e  crop 

between e a r ly  and maximum flowering s tages .  The re su l t s  a lso 

revealed  t h a t  maximum yie ld  and qua l i ty  of oi l  in clocimum can 

be obta ined only if th e re  is  ample l i g h t  in f i l t r a t io n .  But if  only 

a s ingle  h a r v e s t  is  considered  the  c rop  under 25 per cent shade  

can be seen to  give  equal ly  good qua l i ty  oi l  but for a l e s s e r  

number of h a rv e s t  th a t  those  grown under fu ll  i l lumination.



A high eugenol content of e igh ty  pe r  cent obtained for 

clocimum in the  present s tudy a lso  ind ica tes  th a t  i t  can de f in i te ly  

be used as an a l t e rn a t iv e  and cheap su b s t i tu te  to clove and 

cinnamon o i l s .


