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YTRODUCTION

" Eecential éiié are complox materials of diversified
-.compoeition end are not related to the non-volatile gly-
ceride oile. Aromatiq plants have long beea exploited
for the esnent;al.oilalthay pfoﬁuce, in many parte of the
tropicai regions, Ihéy are profitable<éash cropé_ané
‘iheir oils are valusble exporti products. Hssential oile
are one of Indié's.tradiiional';tema of irade in boin
lexgorts énd inporte and in palmarose oil India has almost
a monopoly in production and wade, earning foreign exdhange'

4

worth over Re.2.5 million.

' Tne arema of the oil of palmarosa reggmblée that of
the oi1 of rose, Hence, it is ulso known as ‘rooe oil'.
It i8 now en imporiant perfumery raw aaterial and ie extén—
-aivély ueed as 2 cheap base, It.stange well in an alkeline
mediva end as such ie en indispensable perfumery itea in
the production of high quality»soap.' It io used in flavour-
-ing of itobacco ieaves and its producte, and as a8 general
perfume in coemetic ihdﬁstmy; it is a starting material
| for 1ﬂéustria1 productibn of high grade'geraniol which has
. wide uses as &an arematic isolate in compounding different
< rose-like scents and allied preparations. Besides this
- perfumery value, qil of.palmarosa has.antigeptic proper-

ties alﬁb.



Palmarosa oil is obiocined from the plant (Gymbopogcn
mg{é}g} var, motiza). This plant grows wild in the foreste
of tlaharasiire, Médnya Prodesh and Uttar Pradesh. India'e
amnual production is 40 i.T. whereas the totsl demand io

£ 100 4.7, per arnun. Hence, there is imuwense scope for e

development of palmarosa cultivation.

Palmerosa Qas introduced at the lLemongrassg Repearcil
Station, Odakkali a decade ago when the price of lemongrass
oil registered a steady decline., The studieg o far con=
ducied with the culiivetion of this aromatic plant have
clearly shown that it is a suitable crop under iiae agro-
elimetic conditione of Kerala and is a more profitable
crop compared to lemongreass. The oil produced ail Odakkeli
is found Yo be'of gcod.quaiiﬁy and accepiable to the user
industry. The'griée of palmarosa oll is about two angd a

half fold over' the 1emeﬁgrées oil.

The cost of produchion ofltﬁe esgential oil is
comparatively muoh higher znd the post=harvest operations
,ebntribute Yo more than 3/4th of the cosl of productlon.
Therefore ways o -ecomcmise tne distillation cost should
be aimed éts One approach 0 the problea of Rign coet of
distillation is o reduce tae bullk, without delrimeni to

the 011 yield.



7 geason.

Invastigaﬁions 4o sesese the oil content in diffe-
rent parts ‘of palmaroea glant were carried ocut and tney
showed that the oil content was aaxinum in the infiore-.
scence, followed by the leaves and least in the stelk.

So far, nc‘gysﬁemééie app&cach eeens 4o have been nede

to study the oil yleld from the different portions of
palnaroes 1n arder 40 f£ind out wheiher the lower portiona
ean be deletsd before distilliation.

Hemce, the preseﬁt atudy wae taken up with the

objectives of

1. @etenﬁining the yield and quality of oil froa

different portions of palmarcsas under the influence of

/

'

2. Working out the economics of distilling e
different portions of the plsnt end the whole plant.
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REVIEW OF LITERATURE

. The palmarosa (c!mbopogon.martini stapf. vore. motia)
ie an important essential oll crop grown in Kerala and
the factore affecting its yield, extraotion qnd quality
were ipwestigéted'by several workers in this field, which
is briefly reviewed below;

" 4, FACTORS INFIUEHCIVG YIELD AND QUALITY OF 0IL
1.1. Growith characters

tta and Sahoo (1977) studied the variability in’
growth characters in palmarosa and re@ortad a range of
33.0 to 16649 ¢a in plant height, 13.2 o 56.8 ca in Ehe
length of tae inflorescence snd 40 to 153 in ihe number
of tillers per stool. ‘

| . Virmani et al. (1977) reported that 931@&%03& glants
' attained & height of 300 cm and that the penicles were
10 to 30 cu longe

Investigations were conduefed ﬁj Gupta et al. (1978)
on the in:luence of trameplenting versus direct sowing on
‘the growih and‘yieldAof,yalmarosa. .They obgerved thet the
plant height ranged from- 1,47 m to 2.41 m; length of in~

florescence from 34.00 to 55.00 cm end number of tillers



from 3) to 115 per stool. An analysis of the growth
charactera contributing ﬁo yield revealed that the nua=-
her of tillers per plant made a significant contribution
towards yield. It was also noted that the increase in
plant height did nni.eorresganﬂingly increasge ihe 1ength
( of flowering shoot; on the contrary a slight reduction
in the size of floral shoot was moticed in the taller
plents particularly in the autumn Crops

7/

| ﬁair et al. (1980) while atudying the varietal
differencee on the growih parameters founﬁ that 01P=-2 had -
- an average 162 cn height, 50 com in the length of ‘the in-
floreseence, 16 tillers out of which 14 were productive
as compered to 110 cm height, 50 cm -in inflorescence
length; 25 tillers ‘out. of which only 9 were groductive'
in tﬁe cage of ODp-1.

1.2. Stage of harveat-

.\

Accardinp to Virmsni et al. €1977) maximum yield

.of palmarosa oil WaSs ebtained when the plﬁnﬁa were at full

z

flowering stoge. | 1
The Kerala Agticﬁl+ura1 University reeummenﬁed that
palmarosa grass should be harveste& one week after flower«

ing when the esaaniial oil content wae at iie maaimum
(Anon, 1978). Gugta and Jain £1978) observed thet the .



0il yield was meximum when 1t was.harveated:at the flower~
ing etage and that the quality of oil was also better when
harvested at this stage than at a later stage.

Neir and Meriam (1978) were of the opinion that
ihe eéage of harvest wasifhe moat importani facilor coniri-
buting to optimum yield of oil withlhigﬁ'geraniol content.
The ‘atudy conducted on this aeéect at thé Lemongrase
Research Station, Odakkali revealed that tha sixth or
Beventh day after the full flowering of the crop wap ihe

~

optimum stage for harvest.

Guptz et al. (1978) condueﬁeé etudies on the effect -
" of divect sowing versus iransplonting in palmercse and
reported that ihe crop was beet harvested at a stage bet=

ween 10 and 21 days of opening of flowers.
1a3e Heig?t of cutiing the herbege:

According to Burger (195%) harvest of the pslmsrose
‘plants at 20-30 em above the ground level for the first
as well ap the pecond cutbing and just above the ground
for the third were ‘the optimum. '

Mashyaﬁa end Jain (1977) observed thai for- best
results, the upper two-third portion of palmaroea plant

wag harvested and used for extraction of oil.



. Virmeni gt al. (1977) cut the palmaresa grass
Bt a height of 5-8 cm from the ground level and used the
whole plant for distillation. C

While conducting a fer‘t:i.lizer trial on palmerosa,
‘ Gupta et al. (1978) observed T.hat the planta vere cut

15.t0 25 cm above ground.

[N

A aurvey on ihie aSpegt wap conducted by Gupta et al.
(1980) on the palmarosa growing. wracte of Madhya fradesh |
and &ie‘zhéraehtra. AThe'y reported thet the plaats were cut
at a height of 0.6 %o (5.8 @ from the tmee. They also
\ cbserved that the average length"of the flowering 'tops_ ’
cut for distillation were eround 50 cm and the %ops had

‘4 %0 5 floral leaves only. | _ A .
' 1e4. Number of harvests

: The'number of harvests during an year wae foumnd to

. vary aepending uponn the climatic conditions of the place

of cultivation. In West Africa, Burger (1958J) obtained
o cﬁtt;].ngs in an year noraally and aﬁdit;onally & smeller

crdp, if there was -late rein.

| According to Singh (1958) palmarosa orop gave two
cutunge in an. ,year (July and Qc"tuner-ﬂovembsr) in :Dehra Jun

and D!mj abo



, In Burdwan, Ghosh end chatterJee (1976) obamerved
tnat motia grass yieldeé one crop (Octcber) i, the first
year sud two harvest (May and Cctober) from the second

year anwarde.

Virmeni et al. (1977) observed that under Tucknow
conditions one crop could be taken during October-November
in the firet year, whereae two to three ‘crops wera ob-

tained in.the aubse@uent.years.

Under Kersla conditions, only iwo hervests were
obiained during thevfirat year of planiing (Se@tembgr
-and November). Trom the second year onwards taree té
four harvestis (May, September, November mnd January)
were possible, depending upon the rains recejved auring
the North~East Honsoon (Nair and Aariam, 1978).

1¢5. Wilting or ﬂnying the graes

For eeonomical groduction of oil, Virmeni st al.
(1977) suggested thet the harvested material should be.
-wilted for a ehort %1méa '

Gupto end Jain (19?&) recommended that in the case

of Cymbopogon grassea. the harvested material nay be cut .

. into small pieces so that more quaniity could be charged

into the still thus eaving siteam and fuel. They found



\ that the time regquired for drying the grass depended
uporr the weather corditions, aboui 3=-4 hours in brighi‘
sunlight and 24 hours or more in shade or a longer period
during the reiny season. They recommended that during
drying, the grass should be turned‘over frequen?ly to

prevent fermentation.

From the studies cdnﬁucﬁea on the wilting of aress
after harvest, Rair and Marias (1978) reportedA%hat:dis-
t4lling the cut grass 24 hours after harvest increaced
the oll recovery. ’ﬁhqy suggeeted that the cut grase
should be siored under shade with pro;isian for good

aerstiorn.

-

1.6, Hethod of extraciion of oil

Ghosh and Qhatterjee (1976) employed stenn disti~

llation method for extraction of essential oil from moiiz.

Aecording to Virmeni et al. (1977), the extraction
of palharcsa oil in India was generally by hydro-distilla~
tion and'@hat the quality of oil obiained from this method
was inferior. Thgy recomasnded the adoption of stean dia-‘

‘t4llation to get maximum yield of good quality oil..

Gupte and Jain (1978) were of the opiniocn that the

Cymbopogon grapses could be distilled by steam. They found
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that directly fired stille have adverge efféct on oil
yield and quality. It was aleo observed. thati increase
in pressure increased the yield éf‘the oil; but prolonged
distillation mt high pressure roduced iis quality. They
euggeated that preseure should not exceed threec atnos~

phereg i sny -case.

The Kerala Agriculiural University recommended that
extraction of palmaresa oil could be done by steem or

water distilletion (Anon, 1978).

According to Neir and Hariem (1978), stean or water=
cunsstean method could be employed for the distillation

of palmarosa grass,.
1.7, Sezsonal veriation

Seasonal variation of iha active prineiples in
. .assential q;; bearing planté was éeeofaed from wvery Qarly
tizeg. Variation in the concentration of the aetive'
principles may be, to a considerable extent, &ue to cli-
matic conditions of ihe area from which the materials

wvere collected {(Chokravarthi, 1970).

I liysore, Kulkerni (1959) observed that for
Lemongrase the yield of oil was 0.2 to 0.3 per cent of the

fresh weight of grass during the rainy season whereas in



the summer seacon the yield of oil rose to 0.4 40 0.5

per ceunt,

Investigations by Yoehida (1959) over two years

with Pelargonium roseusm indicated that the atmospheric

temperature was the major environmental faetor'eontrolling
whe percentage of oll. He also observed that the oil
percentage was higher in Octowver and November than in

May and June owing to seccndary factors of humidity,
rainfall and tempersture, A perabolic relationship was
observed between 2 rise in air temperatuﬁe and o¢il §er~
centage witﬁ & maximun yield occurring at a temperature

of 28 %o 23%¢C. , ‘

reterson and Hendrickeon (1966) reported that tihe
aldehyde content of expressed oraﬁge oil varied counsi-
derably from oun¢ season to anctiher, Uhey found that
‘rainfell influenced the aldehyde conten®t of the oill, the
higner the rainfall the greater the aldehyde content in

e oll. A

Hotin'(1968).éuggested that atuocpheric temperature
hadé the greatest effect on essential oil accumulailoi.
Hle observed ihai in menthol mint and Bast Indien basil
leaves and clery sage and laveander inflorescences, & rise

in the tempersture o 23-25°C increased the essential oil

/



content, but reduced ine menthol content of the,miﬂt .
esaential oil. Ai very nigh temperaturee the essential
0il content of coriander fruits was sharply reduced
during ripening whereas in anise, fennel, mjoven ond
carawey - fruits it chenged only slightly. The 11@51001,‘
carvone and anethcie édutents of the essemtial cilé were

incremsed by high temperatures,

Gas liguid chromaiography conducted ﬁy Adezs (1970)
revéaled that significant differences occurred from suaser
to winter in the relative compoaitibnAof the volatile

terpenoides. | ) .

Ahmed end Jacques (1975} :gparted what high tampeé
ratures encouraged flewering and reduced the time to

flovering during inductive long day treataent.

 Ghosh end Chetterjee (1975) studied the effect of
photoperiod on growth, development epd essentisl oil
conteﬁt of palﬁaroaa. The results established that pal-’
marona,pogsess characteristics of long day:glan}m and
differaﬁt indactive qyélea of long dayse hasteﬁeﬁ’flowe:ing
and inoreased the reproductive growih, Premativ&,effeeﬁs
of lignt on biogenesis of essential oil formstion under
long day condition wan agcoﬁpanied by increzsed foliar

growth and acéumulaiion of éry matter.
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El-Din et al. (1976) stated that in Eucalyptue

camaldulensic essential oil content varied greatly, being
hignest in Jenuary (0.31%) and lowest in June (0.14%).
Cineole content was lowest in January/FPebruary and higheet

in Hay/Jdune.

From the studies eandueted'oﬁ %he'wuliivétian aepeétﬁ
of Java citronella, Singh gi‘gl. (1376) reporied that hor-
vests during the rainy periocd of the year gave nigher
yield of 1eayeelthan harvests during comparatively d:y_
periode. They further reported that there was hardly any
difference between the quality of oil obtained Guring ihe
dry and wei periodé of the year, although a,élight increase

in the percentsge of oil was obtained in the 4dry season.

Alexsnder et al. (1977) moticed ihst climatic factors
strongly influencéd the growth of bush and yield of flowers
anﬂ_oil in roses., They observed.é pogitive correlation
(rép;a) between essential oil pereentaée anﬁJnight air

temperaturq;_

Investigations by Rai gt al. (1977) on the effect
of éitrdgen deficiency and seasonal variations on growia
end essential oil content of mint under eand matrient .
condition revealed that seasonal varistions improved tiue
growth, nutrition, metebolisn and biosynthesis of uonoter-

penes. They obasrved that plants grown during rainy season
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- were most vigoroue/asléamgareé with those of %he’summer
end winter seaeoné; The mint oil concentration in leaves
vas maximum in sumner season followed by in rainy and
winter seasons. Total production of oil per plant wae
highest in the rainy secason. fThey found this to be
agsociated Qith'largest production of leaves in this
seasone The higher content of mint oil during sunmer and
rainy seascns wes poaaibl@ due to incresped number of oil

glands per uniit leaf area.

- Bradu gb al. (1977) staled that the ratio of linalool
to linal§1 acetate in the oil of lentha eitrata wae affected

somewhet by the maturity of the plaut, the time of harvest

and enVi:enmental or seasonal variastions,

Accordinz to Basker end Putieveky (1378) the volatile

contents of dried leaves of Marjorans horiensis, delisss

officinalis, Ocimum basilicum, Origenum vulgaere, Salvia

officinalié ond Thymes vulgeris reached magimum velues in

SUmMNer

1In Java Citronella, Cenguly (1973) notlced a slight
increase in\oil and citronellal content of ﬁhe oil in tae
dry season, compared with harvests in the dry and wet
geasons, 1t was olso noticed that boih éitr@nellal_an&

_ggraniol renained unaffected by the season ef harvest.
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According to Gupta et al. (1978) the oil of
palmeross obtained in different harvests generally con-
formed to ISI speeifications aithough the eumier harvesis

contained highéf ester conten%.

Hazarika et al. (1978) etudied the' effeet of
N, P, K fertilizers on the. yield and qua%ity of o0il of
- palmarose under the influence of seagonal variations and
. reported that for the same ireatuent, veriation of oil
and geraniol percentege Qaa due to variation of seasonse
(montns} in the same year. Interécxion between seapon

and treatments was found to be highly significant.

‘ Investigatibns by adams (1979) on~the diurnnl
variations in terpenolaes of Juniperus scopularun revealed
that there werse eignificant differences Iin the. samples

taken during winter end summer.
2. YIELD OF GRASS AND OIL

Rao et al. (1948) raeised motia grass experimentally
‘from seed and reported that the yield of grass and oil
on a fresh weight besis were 13,418.6 kg and 21.) xg per

acre, re%pectively.

Burger (1958) observed that the cultivation of A
palméiosa lagted for two Yo three years and .that one hectare

. ‘yielded from SQ.%o_Go-kg of oil per annum.



Secording to Singh (7199538) Roshe grass gave two
cuttings per year. He observed that tine yield of fresh
herbage was 2220 kg and 4440 kg and that of oil 4.%4 kg

and Be16 kg in the firmt and second cutiings respectivoly.

Ghosh and Chatterjee (1975) reporied the reculie
of a fertilizer triel on palmarcsa, in which they obtained
36.8 tonmes ofygﬁeen herboge and 194.4 kg of essmential oil
. pexr hectare per year from plotes fertilized with l,P,X at

the dosage of 60-30-30 kg/ha.

In the Cvabopegen species trial conducted, Gupla

(1976) observed itnat the green yield was minimum in

Cymboposon martini (11553 kg/ha).

In a population of fortyfive different purental
clones of palmarosa, Dutta and Sahoo {1977) observed that
the nerb yield per cludp varied from 0.318 kg to 0.82% kg

while the olil yield per clump ranged from 0.41 3l 6 4.3 zl.

Virneni et al. (1977) noticed that the vield of oil
in palmarosa was low in the firpt year and 1t increased
witﬁ the age of the plontation. The yield of oil obtlained
during the first four years were 20, 60, 70 and 70 kg per

' hectare, respectively.

Obeervations wore made on the culbtivation and -
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improvement of medicinal and aromatic plents in Oricea
fegion by Regional Research Laboratory end reporied the
,herb&ge yield of 46 different clones, selecied from a
heterogenous population of palmerosa. It was found. Vo

" wary from 2.2 to 16.5 tormes, 1.1 to 5.0 tonnes ond

0.15 10 4.25 tonues per hectare in the first, second aﬁﬁ.'
thirdICutting reapectively {(Anow, 1975-79).

" Neir and dariam (1978) obtained a yield of 60 kg
of oil per heciare from a rainfed crop of palmarosa from

the pocond year ouwards io fifth year.

Fair et al. (1980) made 'a comparative siudy of two
varieties'cf pelaarose end obtained a herbage yield of
10,410 tornes amd 23.197 kg of oil per hectare from the
va&iety 0IP~2 as compered 1o herbage yield of 13.240 tonnes

and 21,186 kg of oil per hectare from the variety 0DP-1.

Pareek ei al. (1980) evaluated the palmarocsa
accessions under éﬁ;ﬁivation and they found that fresh
 herbage varied from 6.6 to 55.0 tonnes per hectare and

essential oil ffom 43.67f163.6ﬁ litres per heciare,
B¢ OIL CONTENT
-Iall (1955):iepobte& that the leaves of palnarosa

grass yielded the maxinum asount of 611-(1.39%3 in
October, when the plante begen to bloom. fle alsdo observed
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that after flowering period the oil content of the plont
diminished stesdily to the minimua (0.77%) in e begi-
nning of Harch. Further it was stated that the top of
the graes contained most of the qii; but it wae not
aavisable'tp"eut oﬁlf the tops for distillation because
A.thé‘graes will then get exhaustéd by too rapid regrowth.

According to Narain and Das Gupta (1948) the yield
of o0il from fresh or eareful;y dried grass of palmaroea

wvas aboub 1.0 per cent.

Burger (19585 found that in palmarosa, bulk of the
0il ceme from fle&gr 1éaves-growing cn 2 m high.stalks.
The yié;d obtained was 1.5 per cent caleulated on fresh .
‘weight besie. S |

Virmeni gt gl. (1967) obeerved that the oil content
in the whole plani versed from 0.12 to 0.28 per ceni, on
' a fresh welght basle and that the flowers and leaves con-

tained the meximun quanbity of oil, ,

Gupta (1976) observed thal the percentage of oil -
renged from 0.10 iz August to 0.70 in Hovember,

As per the package of praciices recommendations of
Kerala Agricultural ¥niversity the average recovery of
oil from palmarosa was 0.60 per cent (Anon, 1978).

)
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Prelininary studies conducted at the Lemonzrass
Research Siation, Odakkali revenled ihat the oil recovery
from the wilted herbage ranged from 0.35 o 0.40 per cent,

depending upon the season (Nair aud Mariam, 1978).

Yrom the studies conducted on the cultivetiion of
palmerosa, Regional Research Ilaboratory siated.that the
average cil content of paluarcsa varled from 0.07 to 0.73

percent (Anon,’1978-79}.

According to Hair ef gl. (1980) 0DP~2 recorded
0.23 per cent oil recovery while 0uP-1 had only 6.16 gor

cent cil recovery.

rekshit end Dﬁﬁt (1947) noticed that the yield of
0il varied within‘the following limits - winole plant
(before flowering tops appear) 0.13 10 Cu21 per cent;
flowering top 0.70 to 0.98 per cent =zud lower poriiomn

0«33 to C.61 per cent.

Reo gt a2i. (1948) reporied that in motio grass the
yield of oil on a fresh weighi basis was C.16 per cent from
the whole plant, 0.52 from the flower tag,'o,zﬁ per cent
from leaves and 0.12 per cent from stalk. A sigmilar trend
in.Lhe oil yield from different partis hao been reporied iy
Deshmukh gt al. (1976), Dutta and Peul (1976) and Virmeni
et al. (1977). |
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'Sereening of palmarOS% fron a population of 1000
plante was carried out on iﬂe baeis of wmorpnological
characters by the Cextral Indian ledicinal end Aroamatic
Planis Organiaatiaﬁ,uLucknow and they fepofted that ine
v‘seiected.elonﬁs contéiné& mnore thah 1.0 per céntlcil in
the whole plarrt, 145 per cent in. the flowering tops with
. 93,0 per cent geranioi (&non}91977-75)¢

Chendra (1978) made observations on palmarosa grown
in saline alkaline solils and found Lhat the crop raised
in alkal ine and normel soil differed considerably in the;r
oll content..zﬂq obgerved that the oil content in different
parte of the plant grown in saline alkaline'soil.was 1.90
per cent in flower top), 0.80 per cent in leaves and 0,04
per cent in stalk as compared to {.7 per\cent, 1.32 per ceni
and 0,40 per-cent in the respective tissues of the plent

grown in normal soils.

Gupta et al. (1978) in his studies on the effect of
fertilizers on yield, oil content and oil eomposition of
palmarcosa found that the flowering shoots coutained peximun
0il content of 1.06 to.2.72196r cent and the leaves 0,88 to
1,18 pér cent at zero moisture. It wae also noted that the -
meximum oil content in the lesves synchronise with the

appearance of flower buds in tae CIr'OR.



Pareek et al. (1980) studied ihe extent of varia-
bility iﬁ palmarosa‘accpssions under cultivation and they
obaervea that the essential oil percemtage var;ed et~

ween 0.27-2. 04,
' 4. PHYSICO-CHESICAL PROPEATIES OF OIL

The emrliest research on the chemical ceaposition

of palﬁaroaa oil derived from true Cymbopegon mariini Stapf.

var. motia wes carried ocut by Jacobsen (1871) who identi-
fied an aleohol Cynil4;0 as the main constituent snd assigned
.tb"lt the name geraniol. Later, Semaler (1890) confirmed
the validity of the formula Cy,fi,o0 2nd found that tais
terpene aleohol belongs to the aliphatic gevies. Indian
palmarora oil conitainred from 75 te 95 per cent of (£ree

and combined) geraniol about 3.0 to 15 per cent being‘pre-
sent in the form of acetic end N-caprole esters (Guentaer,

1950), o

liarain 2nd Das Gupta (1948) reported the following
@rcperties of pure palmarosa 0il from Indis - specific
gravity 0,886 %o 0. 889, optical rotation -3° 0' to +5%-,
re?gaetive*;ndex 1.4720 to 1.4780, acidé number upio 30,
ester number 12 to 50, total geraniol content 78 to 94
per cent and solubility-soluble in 1f0_t0'3;0 volumes of

70 per cent alcohol.



| Guenther (1950) statgd:that the prdpertieé of
Indien palmerosa oil v_ar’igd within the following limits.:
Specific‘gravity at 156€ ﬂ,aaz to 0.906, opti@alvrotaﬁion
+ 6% to =3%", refractive index at 20°C 1.4730 to 1.4760,
acid number 0.5 %o.é.G,-égter number 12 to 48, ester number
after aeaﬁyia%ioa’?éG to 274; total alctohol oéntent as
_ geraniol B4 to 94 per cent and solubility soluble in 1.5 %o

3.0 volunes and more of 70 per cent alcohol.

Guenther (1950) reported that tné shipments of
Indian.palmarosa 011 reeeived and examined by Fritzche
Brothers, InCey New'York had properties varying within
" these limits - ‘specilic gravity at 1f° 0.887 1o 0.395,
optical roiation ~1% 34 40 + 20 45, refractive index
at'éGO“ 1.4730 to 1,4760, acid nunber 0,7 to 1.1, ester
‘content calculated as gerenyl acetate 3.3 to 1246 per cent,
. total aleohol content as geraniol 84 %o 94 per cent and
.solubillty—solublg'in'3,0.to 4.0 volumes end more of
60 pe? cent alcohol. ”

On analyeis of palmarcss oil frém Augola, Eurger (1998}
obtained the fallcdkng constants. $peci£icvgravity at
J20°C 0.8875, optiical rotetion + 0%, refractive index at

20% 144745, acid number 2.8, ester nuaber 61.6, ester
number after aeeqylatzgn,a68.8, tetal geraniol content
93 per cent and soigbility-soluble in‘1.5 volumnes and nore~.

"of 70 per cent alcohol.
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Indien Standards Institutlon's specifications for
Indien Palmarosa oil (Anon, 1968) wereas follows: Colouwr
iight yellow to yellow, odour =~ rosaceous with a characCtie-
ristic grassy background, specific gﬁaviiy at 30°C 0.8740
to 0.8860, eptical,gqtaﬁiOn ~2° 4o + 3°, refractive index
]t 3090 1.4690 to 1.4735, ester value 9 %o 36 (Geranyl
acetate (%) 3.1 to 12.5), total alcohols calculated as
geraniol () minimum 90 and solubility.soluble in 2.0 volumes

of 707 alcohols.

Virmani et al, (1977) were of cpinion that the cha-
racteristic feaitures of 611 of palmarosa were ite sweet
odour, solubility in 70 per cent alcohol. Solubility of
oil in 2,2 to 4.2 volumés of the zlcohol indicating a higher
percentage of free geraniol, They reported that palmarosa
oilxcontained 75 to 9% per cent of slcohols, calculated as
gereniol, 8 suall but varying amount of esters of. the same

\a8leohol, principally écetic and caproic\aeids.

Gupta et al. (1975) cbeerved a higher pefoenﬁage of
free alcohol'calculaﬁéd ap geraniol (72.C %o 79.9 per cent)
in the oil of lesves as compared to oil of exclusively
flower crop anﬁkcomposite flower and leaf érog. They ecbper-
ved a higher content of ester in the oil 'of leavesn of llay |
harvest. Ihe oil of leaves was stated 10 pooeess e besi
odour with godd fruity smell and least terpenic noie wiile

the oil of flower contained terpenic note due o higuner



ester cbnteni in the oil and was given a lower rank for
perfumery purpose. The pnysico-chemical»propertiee re-
'-porﬁed by the above workers for oil of leaves were specific
gravity 0.87592 té 0.87907, refréctive index 1.47254-%0 |
1.47294, optical rotation +0,40° to +0.68°, geranyl acetate
19.9 to 36;2. free dlcohol 53.6 to 71.9 end total alcohol |
8%.% to 87.0. Fof the oil of flower they observed a
specific gravity 0,87852, refractive index 1.47094 opiical
rotation +0.59°, gerenyl acetate 23.3 t6'38.3,free glcohol
5546 to 71.9 and total aloohol 80,3 to 85.9.

Gupte and Jain (1978) noticed that palamarosa oil

of commerce contained about 80 to 90 per cent geraniol.

Analysis of essentiel oil of paluarosa from different
tracts in Maherashtira and Madhya pradesh vas carried out
by Gupta et al. (19805. They found that the oil showed
muach variability witﬁ regard to their geranioi;and gerenyl
_ acétate contant&.‘ Thay‘bbserved that the iract ha#ing a
cooler climaté at harvest time produced superior quality
of oil.- They were of the opinion that the cooler climate
induces the plant to synthesise more of géraniol. They
conoluded that palmarosa grass ylelding more herbage with
nigher oil content of superior quality occur in the forest
ranges where ecil is comparatively medium in texture, rich

in nutrienta and climate is cool at the hervest time,



290

Also,'tﬁey found that the oll from these tracts showed
much variability with regard to %haiirphyaical as well as
chemical properties. The range observed in the physico=
chemical properties werel specific graviily 0.3702 1o 0.9174,
refractiva index 1.4712 to 1.4787; oétical rotation --0.05b
to -0.7§°, 11halgoi 1.0 to 4.6, gerényl acetate E.G'to 24,5
‘enid geraniol 59.6 0 954

Pereek et al. (1980) conducted evaluation of ten
elite clones selected from wild growing,pophlatiqn of
palnaross An Madhya Pradesh ond Meharashtre. They observed
that the cloneg varied widely with regard to>their physico~
~ehemical'propartie§ - gpecific gravity (27°¢) 0.8616~0.9132,
'refraétive index (27°c)'i,4690-1.4899, acid number 0.03-17.9,
ester value 8,0-76.0, geranyl esters (%) 2.5-26.6, geraniol
(%) 65.2-92.8 end total'alcohola‘calculateé as geraniol (%)
67.5-96.5. ‘ | |

5. GAS CHROHATOGRAPHIC ANALYSIS

¢ Gas thométography is the technique 6f separating
the individual componenis contained im a mixturé, in
which the separation takes place in the vapour phase. By
proper monitoring of the coluan efflﬁent. inforaation is
obtained whieh ean be related to the amounts of individual
compeneants preeent as well as to tneir identlfication

(Bitre, 1973). Gas Chromatographic analyais hes been used



" for the identification of components of essential oils and
also for conforming the resulte obitained by quantitative

'methode. In the present review a brief account of the gas

chrofatographic analysis of essential oils is presented.

Nigam and.Hanﬁa,(f964§‘éxamiﬁed.tne essentiai oil of -
' Piper pigrum by ges chromatographic enalysis under Burrell
‘ Kroﬁqtog K=2 and found to canﬁaiﬁo(-pinsne; caaphene,
3 }B-Ipin‘ene, sabinene, myrocene , ;imonéﬁe, ‘(-terpinan’e, p-cymens ,

oA ~bergamotene, caryopayllene, < -humulene and -selinene,

Ghemotaxoﬁgmie studies on the genus dymbégogan were
conducted hy liigan and Tatta Q1973) aaﬁ the essential oil -
from the twe. strains of gzmbogogon.martini (motia and sofia)
vere oxamined by gas ehromatography. _The xnveatlgation‘
reveélsd that motia strain cdﬁgcnly known as palmarosa con-
\tainé largely gefanioi (BG~9é§). The palmarosa‘oil produced
under uucknaw candicions on gas cnromatographic eunslysis
revealed the presence of geraniol (88,9%), limonene (0.4ﬂ),
Methyl hepienone {0.9%), geranyl acetatie (1 1%) and
farnesol (6.7%). ,

Sinha gt _a_;; (1974) employed gee liquid chrometography
Zor the identification of comnstituents of essential oil of
Anaphalis contoria, an ﬁnworked.speeies éﬁ.ﬁar, Conditions
mentioned were column carbowax =-1540 (20 a), oven tempera-'

fure 417°C, gensitivity -10, carrier gas-nitrogen, chart



speed -20 mn/hr, detectgr-flame ionieation'det;ctor and
. quantity of eample-3 ul, Using GIC different constituerits
. were identified by injection method. - When a stondard
‘sample of any constituent wes injected along with the oil
' an enhanced peak of that constituent was obtained. Tals
process was repeated suoéessfully for each constituent
under unifprm‘conditiéns. The gércentagé of each conéti;
tuent was calculated by assessing the peak area by triangle

| ‘ Tﬁé chemical compésition of the esmential oil of
Berganct mint Qas.inveatigatéd by gas liguid caromatography
ok a Beckman Gcfzﬁ gas chromatograph with & thermal con-~
ductivity detector end the output was rgcor@ed with a
bbistolfdynamaster_recorder. Investigaiions by Bhagat
et g8l. (1975) revealed the presence.of 18 coustituentis,
of which the two major ones were linalool and linalyl
acetate, The eonstiﬁuénts were agsigned by comparing their
retention timee with thai of the authentic samples on

various columne under identical conditions.

Bradu gt al. (1977) investigated the chemical com-
.position of essential oil of Henthae citrata by gas liquid‘

- chromatography in a Perkin Elmer odel-881 zmd théy found
that ester content was highest in the third harvest.

/
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In view of the confliéting reports about the chemical
constituents of Coriandfum satiyum, the egaenti&l oi; |
| was re-examined by ges. liquid chroamatography as reported
by Gupta et al. 61977); GLC of, the oil was done on Perkin
Elner-881 £itted with stainless steel 6 £t coluan packed
‘with SE-30 and FID detector. TFifteen conetituents have
| beaen deiected and the compounds were jidentified by comparing

thelr retention times with thoee of reference semples,

Chandra (19738) observed a nigh percentage of geranicl
(90%) on gas chromatogrephic analysis of essentlal oil of
palmarosa gﬁown at pH conditions ranging from &-10.

Haéarika et al. (1978) whileliﬂveatigafing e effect
of NPK fertilizers on the yield and quelity of oil of |
paluarosa estimaied the geraniol in each sample by GLO
nethods Analygis was conducted in a Beckman\GG-Q A gas

chronatograph with Bristol 8ynamaster 1 wV recorder.

The re-invegtigation‘df the epcsgential oil of Erangos
pabularia by GIC method led Koul and Thakur (1978) to the
identification of 19 compounda; The GLC of the oil wae
done on AINMIL having SE-S"mlong ‘and nitro'gezi as the carrier
g2s. The compounds were identified_h} comporison of their
retention times with those of authentic samples run under

similar conditions.
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Cymbopogen martini var. gofie was conducted by Theppa

‘et 8l. (1978) in Perkin Elmer F-7 Chromatograph using.

42 SR~40C column, nitrogen as carrier gas and {laue

ionisation detector. Confirmation of the identified

- compounds was done by comparing their reténtianbtimes

with those of the reference samples,



/ffag‘ett’a/é and Methods



CMATERIALS ARD ﬁETHODS
(.
] The present invesuigatione were carried cut at the
1Lemengrass Research %tation. Odakkall during 1979~SO. The:
stauion is situated at an elevation of 66 i from mean sea |
level and the average rainfall is 2?00 ma with 160 rainy
days per annun. The sozl of’ the exgerimental sime is

‘laﬁeritic loam,

. The sludy was conducteé on palmerosa crop of unifoﬁm

| growth, during its aeconﬂ year from wnicn period oﬁuaras
optimun 0il yield is obtained for ihe crop.. Tae entlre aree
for the experimgnt waa planted'with_QDP-Z which gives a high

0il yield with good Qualitﬁ‘compared to the exieting veriety.
00?-1. This was & transplante& crop and well managed asc per

. the Eaekage of ?racuices recommendations of the Beraln Agri~

oultural Un;versiﬁy.

Five random samples were pelected for each ireatment

'during eaeh.harvést.‘ : o ’ * _

The treaitments were.-

|

' 1 Flower ton of the plant .
2. 2/3rd portion of the plant after removal of
f£lower top (representing leafy portion)

aER Remaining 1/3rd portion of the plant -
(representing mostly stalk portion) .

4. Whole plant (eOﬁﬁrol)
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The crop wee harvested when the naximum npuxber of
planis were in full bloom. All the planis were eut from
the £ield at 10 e helght ag it was the practice adopted.
~Then the cut plants were separaied into flower top (pauicle
with the boot leaf) and the remaining pert into 2/3rd snd
1/3rd portions depending on length. -To serve as‘oontpol
‘the eut whole'giepts were kept as it vas. fihe quantity of
flower top for distillation was limited o o kg as it was
_digficult to ooliecﬁ more.quantity; fen.kg eécn of other
treetnents were taken for digtiiiation. In &ll the ireat-
ments, the herﬁége were allowved to wilt in shade for 24 .

nourse.,

-

; The egsential oil content wae assayed on fresh weight
bagls by pteam distillation.method suggested by Gueﬁther
(1948). The distilletion was conducted treatment-wise in
small stilles inetelled for exberimentél purpése. _?he oil ‘
obiained after distillation was further clarified to make
it free of sediments and water droga_before'the éuantity was

measured.

Six harvests were taken during the year under otudy.

of which the firet three harvesis were corducted in the

monmoon geason snd the latiter three in the posi-monsoon seasoiie.



OBSERVATIONS RE CDRDLD

1. WEATHER DATA

Rainfsll, paximun end. minimum temperature and
relative hunidity were recorded daily from April 1979 to
April 1980. |

2. BIOUETRIC CHARACTERS

Observations on growth characters nomely plant height,
A length of penicle snd tiller number were recorded before\
each harvest. derbage yield per plant was also recorded.
Twentyfive plents were randomly selected to record the bm—

metric cheracters from eéach semple.

/

2,1. Plant height

Height of the plant from tne ground level to the

$ip of the longesi tiller was measured,

2e2. Lengih of panicie

‘The length of the panicle wae measured from itne point
of sheath union of boot leal to the tip of the panicle.

2.3. Flowered tillers

The number of tillers that had flowered per clunp 3t

the time of harvesﬁ‘was recorded., . \

1
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2.4« Hon-flowered tillera

The number of tillers of the same clump which did

not flower was also recorded.

2.5+ Total tillers

<

Thetﬁbtal nuaber of iillers of the selscisd plants

were worked oub.
260 Herﬁage ﬁiéld per plant -
| Weight of hérbage of the selectéd plante were recorded
'ag and when they were harvested. -
3. HIRBAGE YIFLD PER z—mcmmé g

The herbage yield for the different treatnents from
unit area was recorded during eaéh harvest and the yield

per hectare worked out from it.
4, ESSENTIAL OIL RECOVERY

The quentity of oil obtained Irom each treatuent was
used for working out tne'percentage of o0il recsvény on fresn

weight basis of the herbage.

5. OLL YIZID PIR HECTARE

f

The yield of oil per hectare was caloulated by mulii-
' plying the yield of fresh herbage per hectlare with the
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percentage recovery of the oil for the respective treat-

menis. This was then multiplied by the mpecific gravity

. in order to express this in kg.

6. PHYSICO=-CHEJICAL PROPERTIES OF 0IL ‘

0il camples were drown from each treataent replica-

tionwwise and the physical and chemical properties deter-

" mined as per the method prescribed by the Indien Stendards

Institution (1952).

6.1 Specific gravity

Specific gravity was determined at room temperaiure

ueing & specific graviiy bottle.

6.2, Optical rotation

The optical activity was recorded in degrees of

rotation using 8 gblariheter.
6.3,”Rafrac%ive index

.Refraetive index was determined using an 'Abbe'

_refractometer.

Seds SOlﬂbility

' /Gne nl of the oil was %aken-in a test tube and 70

per cent alcohol was added from a buretie, shaking the

1



contents, till s cleer molution was obtained., - The voluze of
elcohol added gave the solubility of oil in volumes of 70

per cent alcohel.
605. Acid value

2.5 & of'tge oil were weighed accurniely and dissoclved
in 20 ml of ethyl élqahol previously neutraliseé with eppro-
xinetely C.1 N poimessium hydroxide. Ten drops of phenolph-
thalein indicator were sdded to it end titrated againet

| 0.1 N potassiun hydroxide., Prom the tiire value.the acid

value was caiculateﬁ.

6.6. Saponification value of unacetylised oil -

\
Trangferred two g .of oil into a round bottom flaek amd
added 25 ml of 0.5 N alcoholic potassium hydroxide. The .
contents were refluxed for one hour. 'After cooling it was
titraﬁed against 0;5 ﬁAﬁydrooﬁlcric acid uwsing phenolphthalein
as the indicotor. A blonk value was determined following the
same proceduref The maponification valu%iof %hé uéaeeuylised

oil was then calculated,
beT7. Lster value -

. Ester value was cbmputed by working out the difference
vetween the saponification value of the unaceiylised oil

and aocid value,



§e8 ﬁster content

Ester eéatent wag deiermined from the ester value

using . the formulae zx M ,
4 “B8T . -

Where
B is the ester value

#® is the molecular Qeight of the ester

6.9, Saponification value after acetylation

The oil was acetylated first. Then it was hydrolyséd
and the weigal of poilassiua h&droxide reguired to neutralise

the acid liberated was calculaied.

A

6.9.1. Aceiylation |

Ten ml oﬁ¥the 01l wag mixed with ten al of acetic
anhydride and two g of sodium aeetéta aund boiled for two
hours. Alloved the contents to cool, added 50 @l of water
and boiled for 15 minutes. Then tihe acetylétea 0il was made
neutral and made free of water with wo g of sodium sulphaté

and filitered.
£eTale E{ydxﬁ)lysiﬂ '

Twentyfive ml of ethanclic potassiun hydroxide were

added to one g of the acetylated oils The content was boiled



for. one houwr, cooled, and diluted with 20 ml of water.
Titwated the excess alkall against 0,9 H aydrochloric aci

using phencopithalein as the indicator.
6.10. TFree alcohol as gerauiol ,
¥ree alcchol was coupuied using the foraula

S X .1

1336=5 x Co42

and exzpresged asg percentaje

“here,

S - the saponification value after acetylaiion

b+ the ester value

i = the moleculsr weighi of ihe aloohol.

6411, Combined alconol

J
‘

The perceutage of aleohol combined as esters in the

oil was caleulated using the formula & _x i und expressed
' 561 :

ag percentage. :
Where,
\ E = the ester value

i1 - the molecular weignt of the alcohol
6.12, Total alcohol as geraniol

Total alecohol was computed by adding free alcohol a

combined alcohol snd expressed 28 geraniol per cent,.

f
’

37
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6.13.AGeraniol yield per hectare

This wvas arrived at by muliiplying the ggraniol
percentage with the oil yield of the respective ireailment.

7« GAS CHROMATOGRAPHIC ANALYSIS

The pércentage compositioh of the aromatic irolates
were further verified by gas 1liguid charomatography. One
saemple freé eacii treatment for the six harvests was drawn
for GLC analjeia. \

—

GLG‘cf the oil was doﬁe on AC gas chromatograph model
Ho.% 17410 of Ghromatégraphy and Inatrumeﬁfs Co., Barocda,.
The oil (0.2 pl)-wasvinaeotéd into the gas chromatqgrapn
‘fitted with $E=30 3 m long coluum, flame ionisaiion deiector
and potehiiométric strip chart recorder. ﬁitrogen was used
as the caorriey gas. The Op@r@tln” conditione weres Oven
temperature 160°¢, attenugtion 506, hydrogen 1 kg/fcu® end
chért speed 1 em/minute. ’

The cempounds wers idenuifieﬁ by comparine their raten—
tion times with those of authentic referenoe gamples. Wnder
-the opera%ing conditions given above the reuenuhcn tzmé of
geraniol and éeranyl aceiale were beiwsen 9 to 10 minutes and
15 to 16.minules, respeciively. . The percentagé of each con~
stituent waa caleulated by assessing thé peak area by wrianglc

method. ' o



Be. STATISTICAL ANALYSIS

The date collected on yield and quality atiributes
were analysed by applying the two-way clagsifiecation
model=1 auggésted by Id (196&). Since thie wae 2 fixed
model the various effects were tesied against error—&ean

\

square,



}‘?eﬂultj
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RESULTS

| The results of the different asﬁecte of investiga~
tions ére presantedlunder the following sections.  The
analysis of varience tables for the different characiers
are given in Appendices I to Vil

/

1. WEATHER

The details of the meteorological observations for

I

the éropp;ng perioé a?e‘given in Appahdix I.

The maxlsum rainfall was received during the month 

of July, 1979 (780.5 ma) with the minimun during April, 1979

(1e4 mn). The number of fainy days varied from 3 in December |

to 30 days in July. The rain was fairly well distributed
with only iwo months without showers. The daily maximunm

iemperature during the cropping periocd ranged from 26.5%¢C to

34.5°G.and‘the minimun temperature from 18.6%C to 24.2°C.
The range of relative hunidity was 84.0 to 91,2 'per cent,
the maximum being recorded during the monih of November,

/

2, BIGHMETRIC CHARACTERS

Data presented in Table 1. represent the. biometric

" characters during each hervest.

It may be seen thai the plant heighti veried from

[
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1. Biometric characters during each hervest viz., plant
height, penicle length, flowered Hillers, non~flowered
tillers, total itillers and weight of herbage per pland

W S e G 0 B € - - . B @ . . S S G Gug T

Harvestis Plant Panicle Flowered lion-flow- Total Weight of
‘ height length  tillers  ered tillers herbage/
(cm) (cm) - tillers plent
' (&)
15t 160.6 42,9  13.9 8.2 22,1 125,54
S (63) 37
ond 18642  47.8 14,8 3,9 1347 76056
(79 (?1) '
3rd 16549 40.7 16.9 449 . 21.8 5%eT5
{78) {223
4th 160.9 39.7 20,9 4o 25,0 50.25
- (84) (16)
5th TTeD 19.3 47 12.2 15.9 8.94
(28) (723 ,
6th 121.3 3149 11.6 T4 19.0 27.44
(61) (39)

. . B . . . -
. e G GOF A T dhe TR0 CED GNS DA e Qs QU A0 G TS e Apn S S IS 2P N S50 BIN BN e Sy S SLL PR - W b W0 gy - D 2 O e

Values in parenthegis indicate the percentage of

flowered and non-flowered tillers

(The percentage has been rounded to the nearesi
winole nunber) '
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77.5 ca to 186.2 cm, the maximum being recorded in the
second harvest. The range in—the,length of the inflore~
scence was 19.3 om to 47.8 cm. The inflorescence showed

an increase in length wiih increase in height of the plant.

Maximém number of fld;ered tillers (20,9) end the
'_minimum'pgmber of nonflowered tillers (4.1) were observed
‘ﬁuriﬁg the fourth harvest. Tillers bearing floéering

: ahoéts made a major contributipn towards total ﬁillérs in
‘all the,harveé%;‘except in fifth harvest where iillers not

bearing flowering choots bontributed:the ﬁéximum (725)

The weight of herbage per plant varied from 8.94 g to
128.54 g and the maximum\weight was redqrded in the first

harvest and the miniﬁﬁm’weight in the fifth hervest.

%, YIELD OF HERDBAGE o oy
Data on the herboge yield from different portions of .

the plent from each harveet are furnished in Table 2a.

A perusal of the data indicated that the é/3rd poribion

nade the maximum conitribution (46%) tqwardskiotal.herbage

- yield, followed by the 1/3rd portion (42%) and the flower

top. (127). The contribution of different portions towards
total yield in different harvests also showed high variation.

maximﬁm'contributioﬁ wos made by the fibst harvest. _
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Table 2é;' Yield of nervage (kg/hectare) from differeﬁt portions
of ‘the plant in differeni havvests

-t

Yield of herbage (ikg/ha) |  Tatal

Treat- | . ‘ ‘ i .
; - = , yield
nen‘ts : o liarvests per
) : n & ) hectare
18t . 2nd 3rd  4th 5th 6th por ronr
1 852,9 677.6 396,2 T746.2 857 338, 1 - 3096,7
9) (12) . (10 (18) (13) (14) {12}
9 4740,6 2427.1 1783,3 1741,9  276.7  1062.4 12031,4
(50) (43} (45) (42) (42) (44) (486)
3 3886,2 2540,0 - 1783,3 1659.1  296.,2  101%.8 11178.5
(A1) (45 45y (40D {43). - (42) (42)

4 OAT9.0 564408 3962.9 414T.1 658.6  2414.9  26307.3

e L - - e P £ T M5

Values 1n.parenthesis 1ndlcaue the percentage ccntribution
of differcnt portions of ihe plant towards total yield

(The mercentabe hae been rounded %o the nearest whole number)



fable 2b, Yield of herbage (kg/hectare) from different
' portions of the plesnt during monsoon and .
pogt-nonsoon season

- —
- D S 2. e Lol T 1

- Lol

) . ' Yield of berbage (kg/ha)

Treatnente - ,
Honsoon ' Posi-monsoon
' season ' ' seagon -
1 1926,7 . 1170.0
, .(19)‘ - S (16)
2 ' 8950.4 . 3081,0 |
: (46) (43)
3 .. 8209,4 . - 2969, 1
- (43) . {41)
4 - 19086.7 . 7220.5

Values in parenthesie indicate the percentage
coentribution of the &ifferent portion of the
plant towarde total yield during the monsoon and
post=nongoon season.

(The percentage has been rounded to the nearest
- whole nunber)

41
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CONTRIBUTION OF DIFFERENT PORTIONS OF THE
PLANT TOWARDS THE HERBAGE YIELD IN EACH HARVEST.

E - oWER TOP

N 2/3 vd. PORTION OF THE PLANT.
A 2orToM Y3 rd . PORTION OF THE PLANT.

i st. HARVEST 2nd. HARVEST.

3 rd. HARVEST. 4 th. HARVEST.

5 th. HARVEST. S th. HARVEST




!

Data presented in Table 2b indicated thet the highest
. herbage yield was obtained from the harvesis during the
monsoon season with regard to all tde plant portions. It
accoﬁn%ed for nearly 3/4th of the totel herbage yield. It
may be noted that floweriop mede sn increased contribuiion

~ towards total'herﬁage yield‘during the post-monsoon harvesis

when compared with thet in the monscon season.

4., RECOVERY OF OIL -

-ﬁata-prBSented in Table 3a represent the percentase
recovery-bf oil from the different portions of the plant.
Highly significant differencea were noticéd between the -
treatmente in respect of the perceniage og oil‘récqveny.'
Highest recovery was recorded by.the flowertop (0.87%) fo- -
llowed by the 2/3rd portion (0.34%) and the leagt in the
1/3rd portion (0.18%). Sjatistically, 0il recovery recorded

by the whole plent aﬂd-thé 2/3rd portion were on per.

The yleld of oil in the different harvests aleo
ditferad significently. The £3£th harvest waich recorded
the maximum oil content\(d.SS%) wee significantly superior
%0 all others,  The ihird.and fourth herveste were on par

while the first harveet was infericr to all. -

Interaction between the effecis of the treataenid and

narvests was found to be significamt. In all the harveste

i



Table 3a. Recovery of oil (%) as influenced by the treaiments
and harvestis

Recovery of oil (%) mean values

Treatnents Hean
Harvents
18t 2né 3rd 41th 5th bth
1 0068 0.92 0087 O.B? 1.03 0.85 O-(}?
2 0s34 0,30 0e27 025 0.50 0439  0.34
% 0,11 0.11 Co11 0,10 0,31  0.32 0,18
4 026 029 0.28 030 049  0l44 0435
Hean 035 . 0D.41 0e38 038 053 0450

A G O G W e G e e S Yo G P OIS TRV W Gy WS ST DER G0 G G S WP , g ae B 22 B . S s S S G i) R A

CoeDo(0,05) for comparing trestments = 0,02
, €.D.(0.0%) for comparing herveeis - 0,03
- C.D.(0,05) for comparing tresitments within the s&ne harvest = 0.05



Table 3b. Recovery of oil (%) from different treat-
nents during monsoon and poatﬁmonsoon

season

S o v - ——

Recovery of oil (%) meen values

Treataents :
Honsoon Post-nonzoon
geason season
1 0,82 Ce92
2 0.30 _ 038
% 0. 11 " 024
4 0.28 Oudl

- A AP P W (IR B S W QI S W G T e P e G

47
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'thébflower top recorded & higher reco#éry end 1% was sig-

| nificently superior to all other treatmen%s; In the har-
ivesta f,rst, second and fifth, the 2/3rd portion wes found _
to be significently superior to the whole plant but in third,
four;h and f£ifth harvests, it was not statistically diffe-
rent. The 1/3rd portion was eignificantly iﬁferior.to all

othier trezimenie in all the six harvests.

) Post-monsoon harveste recorded the highest oil recovery
“in all the four ﬁréatmenis;-the recovery being 0.9? per cent,
é.38 per cent. 0.24 per cent and Q. 41 per éemt'for the flower
top, the 2/3rd portiOﬁ,wﬂ/Srd portion and the whole plant
plant respecuively. During the monsoon eeeaon, it was slightily
-léwer, being 0,82 per-cent, 0.30 per cent, 0,11 per cent and

0 28 per ¢ent for the resneotive treatnents (iable 3b). It
mey be noted that treatmeat 4 recorded a high reeovery com-
pared- to treatment 2 during the po&twmonaoon season while ilie

trend wae vice~versa-during the monsoon seésona
Se OII YIBLD

Date relatiﬁg 4o the oil yield from different treatments
during each harvest are presented in Table 4a, | |

Whole plent recorded a total.bil yield of 69.63 kg

per hectare per year out of which the meximum coniribution



Table 4a. 0il yield (kglhectéré) froa differqht pbrtions of
the plant in different harvesis

| -‘Qil yiéid;'kg/ha (mesn values) _
—— : e ldean

Trea it~ . :
nents . o Ha:vests
1st .2nd » rd 4th ‘ -Eth bth

. . - -

1. 5,107  5.517  3.073  5.752  O.784  2.555 3,798
(22) (38) - - (34) . (52) . (28) (28) (33)

5 14,295  6.450 4,194 3,779  1.225 3,663 5.602
~ (82 (45)  (47) (34  (44)  (40) (43)

3 3,776 0,467  1.661 1,477  0.801  2.877 2.175
‘(16) RSP (19) (13) (28) (32) (19)

4  23.485  14.498  0.674 11,027  2.865  9.434 11.830

Hoan 11,665  7.233 - 4,650 5,507 14418 4.633
CoDe {0:.05) for comparing treatmenis -20:33
C.De (0.05) for comparing herveais = 0.41 - |
C.DW (0.05) for.comparing treatments within the same hervest =0,81

Values in parenthesis indicate the percentage contribution of
different portions of tae plant towarde oil yieild.

(The percentage has been rounded to the nearest whole number)



Table 4b; 0il yield (kg/heetare} frow the different
portions of the plant during the monsoon
and poet-mcnsoorn Se&son

Tregtmenta : , yield
Monsoon. Post-monsoon xgfha/year
seagson = season

1 , _ 13,697, ‘ 94091 , 22.788
2 24,939 . 8,673 33,612
3  7.904 5,149 13,053

4 47.657 21,973  69.630
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CONTRIBUTION OF DIFFERENT PORTIONS OF THE
PLANTS TOKARDS THE OIL YIELD N EACH HARVEST.

BN - oWwER TOP.
[ 2/3 vd. PORTION OF THE PLANT.
BN cotToM Y= rd. PORTION OF THE PLANT.

3 vrd. HARVEST. 4 th. HARVEST.

5 th. HARVEST G th. HARVEST.
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wae made ortion (48%) followed by flower top (333);

the lowest (19%) being contributed by 1/3rd portion.

Different hervests aleo showed signifieant differences
in o4l yield. First harvest recorded the maximun oil yield
(11.665 kg) followed by harvests 2 (7.233 ka), 4 (5.507 kgl,
3 (4,550 xg), 8 (43633 kg) and 5'(1.418 kg) in that order.

Considering the effect of treatments within tae saue
harvest, the gercentage contribution of 2/3rd portion towards
total xield decremsed progressively except in third harvest.
The 2/3#& pcftion of the pléﬁt'made the maximun conﬁribution
' towards oil yield in all the harvesis except the fourin oue,
in which the maximum contrlbution was made by the flower oo
(52¢). The 1/3rd portion had the lowest contricubion in all
the harvegie excapt the eixth.

darvests during the monsocn ‘season regigtered the
maximum oil yield for all the treatments. It may be noied
that during the monaoon season, more then half of the total
il yield was“cqntributed hy'the 2/3rd partion, while the
yield of oil from the flower tog exceeded that of tae 2/3rd

partaon darihg the poat-monsoon.narvests.-
Ge ?HYSICOPGHEEIGAL-PRGPERTIES aF THE OIL .
6.1 Qpe§ific gravity

‘Data presented in TaﬁleVE éhéwéd that treatment 1 had



Teble 5. Spacifié gravi@y of the oil as influenced by tihe
' treatments and harvests

Specific gravity of the oil (mean

e G o s > S B e W

C,D. {0.,05) for comparing ireaiments - 0,0005
¢.D. (0.05) for comparing hervesis

C.Te (0.05) for comparing treatments
within tne same harvest

- 0- 0006
- 0.0011

. values)
Treat~ - liean
aents  Hervesis
et 2nd  3rda 4t 5th 6th
1 0.8871 0.8869 0,8876 0.8881 0,8878 0.8581  0,8876
2 0.8371 0.8858 0.8877 0.8857 0.8862 0,8657 0,864
/3 0.8834 0,8330 0.8869 0.8969 0.8869 0,869  0.8857
4  0.8849 0.8857 0.8876 0.8565 0,8880 0.8881  0.896%
‘Mesn  0,8856 0,0875 0.8868 0.8872  0,8872

T 2 SR By R PV - s S
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e hignest epecific gravity and it wae statistically y,
significant. Treaiments 2 and 4 were on par while treat-

‘ment % showed the lowest value.

Highest specific gravity was recorded for the oil
. obtained in third harvest. Harvests 'S and 6 were statisti~
‘cally on par. Second harvest recorded- the lowest épecific '

gravity and the differences were statistically significant.
6.2. Cptical rotation

, The optical rotation of the oil was + 0.30 irrespec-
tive of the tréatmente and harveste trie&)in the study.
6.3. Refractive index

Data relating to the refractive index of the oil are
furnished in Table 6. It may be seen thet the refractive
index of oil from treatment 3 was atatistically on par with
treatment 2. The lowest value was recorded by treatment 1
and it was not statistically different from that of treat-

mbnt 4.

The oil obtained in different harvests also differed
gignificantl&; ‘the makimud value baing reqordsd iﬁ the fourth
harvest (1.4709) and‘thé minimua in the f£ifth harvest (1.470).
’ THere was significant interaction betwéén ﬁhe effects of |

treatments and harvesta. 'In the firet two harvestis the
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Table 6. Refractive index of the oil s influenced by tae
ireataents and harvests

Refractive index of the oil (mean values)

Treat—\ , — llean
nents . Harvests_ :
st 2nd  3rd  Ata  Sta 6ta
1 1,4700  1,4702  1.4700 1,4706 1.4700 1.4700  1,4701
21,4704  1.4700 1.4698 1.4718 1.4698 1.4704  1.4704
3 1.4704  1.4702  1.4706 1.4710 1.4702 1.4706 1.4705
4 1,4700  1.4700  1.4710 1.4700 1.4700 1.4702  1.4702

CHeam  1.4702_ 1.4701  1.4704 1.4709  1.4700 1.4703

- o e i s . v v

C.Ds (0,05) for comparing treatmants - 0,0002
G.D. (0.05) for comparing hervests . = 0.0003

C.De (0.05) for comparing treatments _ 0,0005
within the same harvest. .



treatments ghowed no slgnificant difference wihilc the ireat-.

'menis‘variéd eignificently in the rest of the harvestis.
6o4s Solubility of the oil

The date furnished in Table 7 revealed taat there was
signlificant vériation.among the treatmenis as regerds ine
golubility of the oii. . Treatment 2 had the highest solubi-
1ity (1.64) foilowgd by treatment 3 (1,62), 4 (1,52) and
| 1 {1.51). There was no significant difference between treat-
menis 2 and 3 but treatment 2 differ significently from
ireatnent 1 and 4. .

Different harvesis did not show significent difference
with regerd fn the solubility of the 0il. But there was
significant jnteraction between the effects of irestments and

harveais.
6q5- AOi@. 'v'alue,

Date on the acid value of the oil for different treat-

ments during each harvest are furnished in Table 8,

Ag evident from the data, the lowest acid value was
recorded by the whole plant and it was on per with tﬁgt of
the 1/3rd pqrtion. Treatnents 1 and 2 were on par end thq&
varied significantly from ﬁéeatments 3 aﬁd 4. Highest acid
value was recorded by treatment 1 f3.40). " |



"Teble T. Oolubility of the oil as influcnced by the
treatnents and harvesis

| Solubility of the olil (mean values)
Treat- ' _ - tean
aents : Harvesis
1at  2nd 3rd 4%h Sth . bt \
1 1.51  1.50  1.51  1.51  1.52  1.51 1,51
2 1,617  1.66  1.68  1.62  1.62  1.63 1.64
3 1,60 1,62  1.62  1.62  1.61  1.62 1.62
4 1.50  1.52  1.52 1.51 1,52 1.55 1.52
Hean 1,56  1.58  1.58 1,57 1,57  1.58

C,De (0.05) for comparing treataments - 0,04
Colle (005) for comparing hervests = 0,05

CoB, (0,09) for comparing treatmentis _ 5 44
within the saae harvesi *
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‘Table 8. Acid value of ithe oll as influenced by the
- : treataments and harvests

. Acid value of the oil (mean values)
Treat~ S dearn
nents o . Harvestis - | .
et 2nd  3vd  4th Sta Gin

1 3,42 3.46 291 4.22 3.3 327 3.40
2 %637 2.31 3¢50 4,09 %e1% Deld B elB8
3 2,36 2,51 1.7 3.51 3,22 3.84 2,87
4 1.92 2,35 302 © 3.20 2.84  3.22 2,76

isan 2,77 2,65 287  3.76  3.08  3.34

CeDe (0,05) for compering treatments - 0,13
C.De (0,09) for comparing harvests: = 0.16

CaDe (0.05) for comporing treatwenis _ o =5
within the same harvest ¢

-t



The oil obinined for the second harvesi recorded wie
loweet acid value ond 1t varied aigni icantly froa other
harvests except the first one which wag on par. The nexi-

mum value wos observed for the fourith harveet (3%.76).
6.6. Seponification value of unsceiylised oil

bata presented in Table 9 revealed thatl whe lowerl
value for saponificaiticn of unaceiylised oil was recerded
by treataent 3 end it varied significantly froo tue rest

of the itreatuenis. Treatmente 1 and 4 were omn ar.

It was onserva& that the saponificaition value in ine
differcnt harvests chowed high siatistical eignificanice,
The lowesh vailue (4%.71) was recorded by firsi harvest and

tne nigneot value (71.53) by third harvesat,

The effecis of treatmeﬁts within the sume harvest
shoved simnificant veriation. fTrestuenia 1 snd 4 were on
par for all the hervests exeeyt horvest 3 and 5 where i{
showed significant difference.  The treuumeut% iu pgeneral,
-showed a tendency o increase in sapauillcaulon value of

unacetylised oil wplo the third hervest and gradually

decline thereafier.

DeTe Loter value

The dota on the ester value of ithe o0il for differenti

03
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PTable 3, Osponificeiion value of the unmcetylised oil
as influenced by the treatasnte end harvepts

Saponificaition value of unacetylised oil
(mean values)

ireat~ , ldean
. menlo Harvestis
8%  2nd  Frd  4th 5t 61h
1 45,60 T0.46 61,97 69.44 50,06 60,45  64.66
2 41,22 61,92 66480 54,60 58.68 45,98 544557
3 41,50 54.61 60.44 59.34  57.25 45,56 53 .62
4 46,50 68.64 T7.12 68,30 63,14 = 59,32 65464

C.D. (0.05) for comparing treatments < 0,98
CoDe (0,05) for compering harvesis ~ 1420

C.De (0.05) for comparing treatments _ , 36
within the same_harvest
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Table 10, Tster value of the oil as influenced by the
treataents and harvests
. ' /

Bater value of ithe oil (mean values)
Tregi- oo Kean
nente . . Harvesis

Pt > o e - - - e ST o KA S Wt Gy G Y M0 Cum ST s et A G B S A4 D G G DR AN S G SIS T (S G B N GO0 B T Ay Clas S500 G- s 2405 G T
Pt

1 42.18 67.02 79.06 65.22 56,93 57.18  61.27
2 37,85 59.61 63,24 50,50 55.54 42.74 51,58
3 30,14 5211 58,47  55.83 54423 44092 50,78
4 44,18 66,31 T4.11 65,12 60,30 56,10  61.02

ean  40.84 61,26 68.72  59.17 56475  50.24

CeDe (0,05) for comparing ireataents - 0,98
CoDs (0.05) for comparing harvests - 1420

C.D. (0.05) for comparing treatments _ o 40
within the ssae harvest *



treatments and harvests ave furnished im Table 19.

From the data it is evident that ester value followed
the same trend as that of the samponification value of un-
acetylised oil except that the treaiments 2 and 5 were on

pHEr,

i

- 6B hater content

Data furnished in Table 11 represented the egier
content for tne treatments during different asrvesig.

The datae lndicated that tne itreaizsnts varied signli-
ficantly wiih regard to ihe ester content excepti Wwecimenis 1
and 4 which were on per, Tae lowest value was recaorded by -
treataent 31(17.78%} followed by treataecnis 2 (13.065),

4 (21.36%) and 1 (21.445).

Harvests differed significauntly with regavrd to the -
ester content. The lowest value was obialned for ithe first

harvest and the maxinuvm for the tnird harvest.
6.9. Saponification value after acetylation

Data on the saponification value afier aceiylation of

oil are presented in Table 12,

As regards the seponification value after acceiylation

of oil- there was significani variation among treatsenis.



Table 11.

Ester contlentl of the 0il {per cunt) s influenced

by the treatgents and harvests

oo e -

O W TD G 205 e A8 Gt 9EL R AR S G0 SIS A S BT G (I Y W SR e Wiy W k> A

Eeter content of the oil (per cent)

{mean values)

Treat= R 7 Wean
aenLs Harvestis
18t 2nd Sea 4ih oth 5th
1 14.76° 23,45  27.67 22,83  19.93 20,01  21.44
2 13.25 20,86 22,14 17.68  19.44 14496 18.06
3 13.70 18,24 20,47 19,54  18.98 15,72  17.78
4 15,46 23.21 25,94 22,79 21,11 19.65  21.36
CeDa (0.05) for comparing ireataents - 0,34
CoDe {0.05) for comporing harvests = 0,42
Cela (a05) for comparing itreatmenis 0,64

within the esme harvest
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Table 12, CSaponification value of the aceiylised oil
as influsnced by the {treaiments and harvesis

€0 B s S0 A G RS ST EXN

- - D e S W s g PR W G0 R R SR Ty B GRS DI GrR AN L ) WP G S L 1

Saponification value of the acetylized oil
{me=n values)

Treate . , ‘ 3 | dean
ments Harvests '
1et 2nd 3rd 41a 5th 6th
1 264495 Z67.2% 250,25 265,26 26T.44 26%.561 264,62
2 275,76 279.57 277.49 264.37 271.65 272,91 273.63
3 275646 273.63% 207.80 264,56 26T.52 270.97 269,99
4 275.16 273,07 275.34 270,88 266.44 268.63 271.59

Mean 272,83 273,36 269.97 266,27 268.26 269.03

= G gu G dme D P S O N TR G CF, GO EMS GUS BUB RN o0 Sue S50 N QAR I Dm0 ds PN QI I S (b I8 WS Y G52 GBS AT AP

CeDy (0,05) for comparing itreataents - 1,10
CoDe {(Co05) for comparing harvests - 1,34

C.D. (0.C5) for comparing treataente _ 67
within the game havvest *
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Treatuent 2 recorded the highest velue (273.63) followed
by treatmente 4 (271.59), 3 (269.99) end 1 (264.22).

. The above factor also showed variation in different
harveste, highest value being recorded by the gecond harvest
_ahd the fourth harvest being inferior to alliothera} There
wae‘eignifieant'1nteraction between treatments and harveste.
The maximun values were recorded by the oil of the 2/3rd
portion in all the harvests excepi the fourth one.

6.10, Free alcohol
The data on the free alcohol content for different

- treatments during each harvest are given ln Teble 13.

The results chowed that the tréatﬁents differed sig-
nificéntly with regard to the free alcohol of iﬁé oil. The
2/3%rd portion ranked first, with a valu¥ of T6.79 follqweé
by 1/3ré poriion (75.56%), whole plant (72.69%) end flower
toé (69.74%).

o

Significant ﬁifferense‘waslobserved between harvesis
with regard to-the free alcohol content of the oil. Haximua
value was obtained for the first nervest (80.1835) and the
‘lowést for the third harvest (69.39%). Interaction effect
was found io be significant. Treataents 2 and 3 recorded
higher values iﬁ all the harvests, compered to treaiments

C



Table 13,

Free alcohoi (per eenﬁ) of the oil as influenced

By the trealmenis and harveam

Free aleohol {per oent)

f (maan values) . o
Treat- - . lfegn
mentis - Harvests - . C

h 1st . 2nd  3rd 4th 5th  6th

1 T6u41 68,81 61,49  6B.64 72,38 70,72 69.74
2 82,44 T6.50 TA36  T3.32  T4.60 79.54  T6.79
3 B, T6.61 72,00  T1.5T  T3.34 T7.98  75.56
4 79,99 T1.47 69,70 70,97 70,81 T3.19 72,69
Mean -~ 60.18 73,35 69,39  T1.13 72,78 75,56 |

CeDy (0.05) for comparing treataente - 0;5£3

CoD, (0.05) for comparing harvests = 0.73

G.D. (G 05) for comparing treataents

within the same harvest

-. 1,46 ‘



6.11. Combined alcohol (per cent)
Data on combined alcohol are prgsenied in “Yable 14,

it\was observed that treatment 1 topped the list with
a value of 16.85 closely followed by treatment 4 {16.79);
Though treatments 1 and 4 were on par, ‘thoy varied signifi-

“ecantly from other treatmentse‘

With ?agard te-combined alcohol,,hsrveéﬁa differed
significontly und it followed the smme pattern as that of
eetér value, The highest‘per cent of combined aleohol was
recorded Qy the 3rd harvest (18.91) and lowect value by the

f;rst harvest (11.23).

6.12, Geraniolleohtent
Data furnisheé in Takhle 15 give the geraniol content .
‘1n the oil from different treatments during each harvest.

A

Treaﬁments ehowed atatistical d;fferanue with regerd
1o geraniol cortent. The higheet percentage was recorded
by treatment 2 (90. 98) end lowest by treatment 1 (56.60),

Treatments % and 4 were on par,.

7’

There was'significant‘variatién between harvesis with
regard {o.geraniol content. First harvest recorded the
‘highest percentage (91.41) and it was statistically euperior

to other harvesis. Second harvest recorded ihe lowest
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"Bambincdialoohol (per cent) of the oll ae

67

within the same hervesi

Table 14.
influenced by -the treatments and harvests
: Cnmbinsd alcohol of the oil (per eent)
; ___(mean yalues)
. Treat- Jldean
nents : Hervestis :
’ st 2nd  3rd . 4th St 6%h
1 11,60 18,44 21,75 17,94 15,66 15,73 16,85
2 10041  16,40° 17,40 “13.89 15,28 11,76  14.19
4 12,15 18,24 20,39 17.92 16,59 15,43 16,79
Mean 11,23 16,86 18,91 16,28 15.61 13,62
C.B, (0.05) for cgmparing treataents - 0,27
CoDe (0.05) for comparing harvests 033
C.ﬁ {0.05) for compering trestuents 0.66
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-Tavle 15, Geraniol (per cent) of ihe oil &s :mfluem,ed

by the tresatuente and harvests
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Geraniol content of the oil (per cent)
‘ {mean values)

e 2 0 P e Ay O e R

Treat- liean
nents Harvests
18t Znd Zrd 4ih 5ih oih
1 88,02 ©7.24 63.24 896.58 68,04 56445 86460
2 92,85 92.89° 91,76 87.21 89.88  91.30  90.98
3 92.63 90.94 83.08 66.93 88.26  90.34 £9.53
4 92.14 89,71 90,09 83,89 GT7.40 88,62 89.43
Mean 91,41 90420 68,29 87.40 88.40 89,18

CuDe (0.05) for comparj.ng' wreatnents -~ 0,46
C.D. (0.05) for comparing harvests

CeDe (0,05) for comparing ireatamente _ 4 43
C " within the same harvesi °



value (387.4%). Interaction between effects of treataents
and harvesfs vas foﬁnd to be significaﬁt. A high geraniol
content was recorded by treatment‘é as compared to other
treatments in all the harvests except tae fourth., Also it
was found that treaiment 1 recorded the lowest,vélue in all

the harvests excepi fifih hervest.
6.13, Geraniol yield per heciare

The data on the yield of geraniol from different
portions of the plant during each'ﬁarveat are furnished in

Table 16 | | o ‘ .

Treatments showed highly significant variétion with
regard Lo geraniol yield. Compared between the different
portions of the plent, it was the highest in the 2/3rd por-
tion (5.15 kg/ha) followed by the flowef top and the 1/3rd

portion.

It was observed that harvesis differed.significantly
with regard to geranlol yield except third and sixih har-
vests which were on par. First harvest\was significantly
superior to all 9ther harvests. There Qas aiso éignifican%
Interaction between effecte 6f the ﬁreatments aud harvests.
-Consldering each harvest, it was found that treatment 3 was
inferior to 21l treatmente in all the harvesis exeept fifth

and sixth in which 1t was on par uith treatmant Te



Table 16.

Geraniol yield {kg/ha) as influenoed by the
treaimsnts and harveais 4

)

Garaniol ¥ield (kg/ha)

(mean values)

Treat=

lean
ments - Harveatis
18t 2nd 3rd 4th 5ta 6th
1 4'49 4081 2056 4098. 0070 2.21 3029
2 13,28 6,00 2285 3430 1.10 335 5.15
3 3¢50 2.20 '1044 1.28 Q.71 . 2460 1.96
4 21,64 13,02 8,72  9.80 . 2,50 8,36 10.67
Mean 10,73 6.51  4.14 4484  1.25  4.13
C.Ds (0:05) for compering treatments = 032
C.De (0.05) for comparing harvests - 0,39
Ceh. (0.05) for comparing treatments - _ 0.78

within the same harvest
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7. GLC ANALYSIS

Data on the geraniol and-geran&l acetaie per cent
determined by GLC aualysis are presented in Taole 17 and 18

respectively.

The data revealed that the values ootained for geraniol

ciree alcohol) end geranyl acetate (ester content) by GLC

analysis are in ecnformity with the vzlues by quantitative
nethod, However, 2 small difference was noticed, GLC analysis
recorded a slighiler 16w value with regard to geraniol and ’A
géranyl acetate.',This mey perhaps be due to the hydrolysis of
éstars taking place duriﬁg theﬂeetiﬁation of free alcohol
content (expressed.as geraniol) using'eﬁemical methods. High

. values for free alcohol (expressed as geraniol) and ester .

“eontent (expressed es geranyl acetate) can be expected due to

the presence of alcohol other then geraniol and esters other

- ‘then geranyl acetete in the palmercsa oil. .

8, DCOKOMICS OF HARVESTING AND DISTILLATION OP DIFFERENT

PORTIONS OF THE PLART. AS COWPARED TO WHOLZ PLANT

Economics of harvesting and distillation of the various
treatments were worked out and the same are furnicned in

Table 18,

- The expenditure for harvest and distillation was taken

a2 the input factor since all other factors were assuned o



- Pable 17. Content of free alcohol (as geraniol) in

different portions of palmerosa plant in

in different harvesisdetermined by Gas

Liguid Chromatographic analysis (Per cent)

Tree aleohol content of the oil ( per cent)
Harvests ‘ . ‘ .
Treataenis
1 2 3 4

18'%1 \ 75.65 81.20 78976 79010
ed 60462 73445 69,80 65.83
4th 66.89 72.13 70.13 69.26
5th 7110 73,85 7254 69,28
6ta 69.94 - 76415 76423 73.19




Content of geranyl acetate (per cent) in

Table 18.

: different portions of palmaroea plant in
different harvests detsrmined by Gas Liquia
Chromatographiu analyais )

Geranyl ‘acetate canzent of the oil
| (per cent)
Harvests ' ‘ ,
. o Treatments
1 2 3 4
et 13.23 11.55 12463 13,33
ond. 1979 16,87 16435 22,10
3rd 26.88 19,10 18.81 23.40
4th 20,27 15,40 17,10 20,85
5th - 16,86 17,31 16,85 19,76
6th 15432 18420

18,58

12.81
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bé unifbrm fqri@he tpeéﬁments. 3arvesfing of the flowér top
andlthe i/3rd poriion involved and additional cutting and -
that of thae E/Srd‘pabtidn involved two cuttings additionally,
the expendlture for which is elso added. %The oil yield was

considereﬁ ag the. output factor.

Tne deta furnished in Table 1Q revealed taat disti=
;1ing the whole plant is economical. It has recorded a pro-
£it of R8.6682,77 per hectaée per year, ﬁaréestiﬁg &nd
separating the planﬁ into different portiane for ﬂistilla—
tion is not 8%, all economioal and diatilling only the 1/3réd
portion hes even resulied in a loss. It was also ev;aent
;thét\distilling af%ar removing the botiom 1/3rd poriion i.e.
‘flower top + the 2/3rd portion had resulted in lower profit
than distilling the whole plent, -



Table 19, Economiocs of harvesting and distillation of

the different vortions of the plaut as
compared o whole plant

D Y e W R G50 B I B R e B Sk Y M M SRS Gte G WG B T N B U e S R0 O T e SR U $20 T WU B e A I ey VID Bale GBS TR - GO6 ST T e IS AN W 0 . O G B S

" 2/3rd portion

L 2 ) -

o -r o -

Treataents 04l yield Incone Expenditure Profit
(k) € Ra.175/kg for harvesti~ (Hs)
ing and dla~
tillation
(Hs)
Flower top 22,788 3587 .50 $310.40 BT7.50C
2/3rd portion’ 33.616 5892,10 5270,50 " H11.60
1/3rd poriion 13,053 2284.28 4354,38  «2070.10
Whole plant £3.63%0 12185.24 5502,.47 06B2,TT
Flower +top + : G
56,404 9870,00 4864 ,4% 5005.57

e G G W S e oy A e s Y (O S IS T O SR G S0 S S T T G G G a0
.



D lscussion



., DISCUSs g1 O N Y

_ , The preegnf inveétiga%ion-nae ﬁhrown,iight gn‘tde

| ‘@ietribution of the oil in different portions of pelmaroes
plant and also on the vafiations'in quantity and quality
le the oil 6btained~dpring different hafvests. -The reesulis

‘obtained sre discussed hereunder:

- Herbage f;eld

The herbage yield was 26307.3 kg per heciare from six

" - harvests mede during the year out of which ihe maximum

contribution (12031.4 kg) was made by the 2/3rd portion,
followed by the 1/3rd portion {11178.5 kg). Flowertop had
ohl} a8 meagre éhare of 3096.,7 kg towards hérbage yield.
Pareek et al. (1980) gh;lé'eﬁaiuating palmgrasa accesgions
found that tae freéh'herbage'varied frdm 6 6 to 55.0 tonnes
per hect&re and the herbage yield. recorded in bhe present
study wes within the above range. ' Nair ei al. (1980) re-
poried a herbage yield of 10.41 tonnes under Kerala condi-
tions. This low herbage yieid wag due to the.number of
harveste being limited to three'as the ptudy wag conducted
during thé ist year of the erop. Other reporis with regard
' 1o the herbage yield are not in abreeuenﬁ with the resulis

" obtained in the present study (Rao et al., 1948; Sin@h, 1961;
Gupia, 1976 and Ghosn and ChabterJee, 1976) )



Tha nnmber of harveste was fouhd to vary denendin&
~on the climatic conditions, Also the herbabe yield recor=~
ded for the different ireataents varied during.aach harvest.
Herbage yield for whole plent varied from 9479.1 kg for the
_ first hervest to 658.6 kg for- the Iifth horvest. Six. her=-

«“Veats were ebtained in the present study and this is in-

clusive of the last iwo harvests which fell during the dry
imonths.A Nair and Hariam (1978) obtained three to four
harvesis in an year with variety Amaravathi a late flowering
‘one, wpich in turn reduced ithe number- of harveste. The
nunber of harvests Qaa found to be 2 remson for ihe increased
herbage yield obtéined in the preseni study against a low.
yield reported by Sinéh (1958) and Gupta (1976). Conirary

to the results obtained in the present study, one to three
hérvests were reported by Burger (1958), Singh (1358),

Ghosh and Chatterjee (1976) and Virmani et al. (1977).

0il yield

Gonsi&ering the oil yield 2lso, whole plent registered
the maéimum 0il yield of 69.53 kg per heciare per yéér in
which 2/3rd portion contributed 43 per cent of the total oil
yield. Unlike that of herbege yield, flowertop contributed
33 per cent of the totel oil yield while 1/3rd portion had
~only a meagre share (19 per cent). Thisllow yieid from ihe

1/3rd porbtion ean be attributed to the low oil recovery.



The total 0il yield obtained in this otudy 1o in
conformity witﬁ the findings of Reo et al. (1948),-3urgerA:
(1958), Virmani et al. (1977) and ﬁair and lariaa (1978),
but.diaégrees‘with yield reporied by Singh {1953), Ghosh -
end Chatterjee (1976) and Nair et sl. (1980). Uaximua oil
yield unéer report by Ghosh ana,cngmtergee-(1975) can be
attributed to the fertilizer response. Similar t6 groes
yield, the report of Hair gt al. (1980) for oil yield was
for the first year of study . It can also be meen that the.\
oil yield récorded‘in thg.pfaaenﬁ siudy wae within the range
of 41,67 to 163.6 li%rés per hectare reporied by Pareek
et al. (1980). '

Harvesis aleo showed much variation with regard to
04l yield and they differed aignificant;y; Haxinuom oil
yield wéslﬁbtainéd in the first harvestl(11.665 kg) agd.
tne lowest (1.418 kg) in the fifth harveet. This may be
mainly due to the herbage yield recorded for these harvesis.
| The report of Singh (1953) with regerd to oil yield, tnough\
not in conformity with the pil yieldlreeorded in the present
study, agrees to the fact thet oil yield variee between
harveét. ';t may be noticea that ﬁhe 2/3rd poriion made a

. major contribution towards total oil yield .in all the her-

vests except fourih harvest where the floweriop hatl recorgded
_ o

*a higher oil yield. | o
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Rai et 2l. (1977) suserved that total gr&ductioﬁ
of mint oil per plant was highest in rainy season =nd

they rslaieﬁ_this to the largeet prodgction4of-leav99 1
in this season. - In +the yreaent gtudy aiso highesi oil
produeﬁign with regard io all the treatments was observed

durjing the nonsoon seasoi which may be asscciated with tne

largest production of herbage in this season.

nessenvial oll recovery

The treatments showed highly significant difference
in essential oil recovery. , The flowertop reeéréed tae
nignest essentiol oil content (C.B87%) follovwed by the whole
plant (0.39%), the 2/3rd portion (0.345) and the 1/3c6
portion (0,1 %) e Stetistlicelly the whole plant and ihe
2/3rd portien were om par with regard to oil,recovéry. 0il
cont?nt recorded by whole plant is in close agreeaent with
the findinge of Héir and dariaan (f978) who reported an oil
recovery of 0.35 to 0.40 per cenl from ithe wilted herbage,
Other reports with regard to tneﬁssential o0il vecovery (Iaoil,
19%5; Harian and Das Gupila, 1946; Eurger, 1958; Virmend ¢i Qicg
1967 and Anon, 1978) varied widély end are not in a&reaaeuﬁ
with tae resulis oﬁtained in the pregent study. Tals verice
tlon in oil recovery can ve atiributed to the variaiion in
agro=-climatic conditlons of the place of culiivaiion, the
height of harvesting %he grass and the proportion of flower,

leaf and stalk in ihe herbage.
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There are conflicting revorts avoui the height at
vhich the plants are haﬁvested for distillation, A range
of 5 to 30 om from ground level in the harvesting height
have been reported by Bﬁrger (1958), Virmeni et al. (1977)
and Gupta et g;.’(1978). The harvesting height adopiéd
for %he present study (10 cm) was within the range reported
above, Kashyapa and Jdain (1977) observed that the upper-
two—third portion of the nlant was narvested and used for
exiracilon of oil. Gupta et zl. (1980) reported’ that tae
plants were cut at a heignt of 0.6 to 0.8 m from %he bottom.
They also noticed that the average iength of_theseifloweriﬁg .
Atops cut for dis%illétign #ere around S0 cm end had 4 to 5
floral leaves onl&. Thisg variaiidn in harvesting heigit may
alsoc be avréaaon for the wide_difierénces in the recovery

of o0il reporied.

'The trénd in the ﬁariatien in ¢ll content from diffe-,‘
rent portlaLs of palaarosa plant, highest oil recovery froo
the flowertop followed by the 2/3rd portion and 1/3rd portion
recorded in the present study is in agreement with the flnd“
inge of Rakehit and Duit (1947), Rao et al. (1951), Deshmukh
et al. (19762, Dutta and Paul (1976), Virmani et al. (1377),
Anon. (1977-78), Chandra (1978) and Gupta et al. (1978). 3But
41t should‘be pointed out that the values reporied varied

greatly compared to the results of the present aiudy.



Of the different hervests exemined, essential oil
‘recovery was at ita maximum during the fifth harvest
(0.58 per cent). It may be noted that the fifth hervest
feli in the summer éeaaon and this may accouni for the
increased 511 cdnéentration in planis during summer“season.
This is in agreement with the findings of Kulkerni (1959)
vho observed an increased 0il recovery during thae summer

geagon. El=Din et al. (1976) in Rucalypius canalduleneis

and Rad et al. (1977) in mint reporied an increased essen-
tial oil concentration in dummer seasons In . the present
inveetigatien also all tae treatments recorded a hign 0il
recovery percentage during the post—monsoon.season compared

"to the monmoon eeason.

?HYSIOOGC&E&ICAEx?RGPEH?;ES OF THE 0IL
Specific zravity

4s per the ISI specificajion, the specific grovity
of palmarésa oil/sﬁould be within the range of 0.8740 to
0.8860 at 30°C. The specific gravily recorded by the diffe-
rent lreatments was found to very from 0.8857 to 0.8876, ihe
maxiium'being recoréed by the oil of the floweptop; Geraniol
has a low specific gravih} (0.,8894) comparad to geranyl
acetate (0.9174),(ﬂnon,,1976)., A high specific gravity
recorded for ihe 0il of thé flowertop may be explained by

the high content of esters. in the oil of the flowertop and
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) , .
the lowest specific gravity recorded by the oil of the 1/3rd

portion may be due to the low content of esters. There was
signifiéant difference veiween harvesis with regard to the
ppecific gravity of the oil.When the different harvesls were
compared with fegard to the mean specific g:avity, ﬁhe lowest
(0.8854) was recorded by t;e éecond harvest and the highest
by the ﬁhird.hafvest (0.8575), Also it may be noted that the
cil obtainqd from tﬁird'harvest which recorded the highest
_'speeific giavity had the higheet content of esters aleo.

The speéific grevity reporied by ail the workers have been
found to be high cbmpéred with the, 15X speciiie&tipn (Narian
end Das Gupta, 19483 Gueniher, 1950; Burger, 1958; Gupta et al.,

1980 and Pareek et al., 1930).

Optical rotation

The opticel rdtation|of the oil did not vary wiinh tae
bartion of- the plant éelected for thexexﬁracﬁion'of the oil
or with ihe number of harvests indicating that theee factors
have o influgﬁce on the.constituente of the oil‘imparting
Adptical activity. Pure geraniol,-geraﬁyybeeta%e and -the
. allied substaneeg'cannot haﬁe any'oﬁtical aétivihy because
of the absence of aagmmeirie\centre. Hence the slight acti-~
viiy obesrved nay be due to some minor components present in

“‘the oil which are optically‘aciive.



83

Refractive index

‘ The,rgfractive index of' the oil from different
portions of the plant was found to vary from 1.4701 1o
1,4705, the maximum being recorded by the 1/3rd portion
{1.4705). fThe highest refractive index recorded by the
| oil of the 1/3rd.portionr may be due ito the low content of
eéters present in the oil. Geranyl acetate has a low re-
- fractive index (1;4628) qoméared 10 geraniol (1.4766),
(Anon,y 1976). | | |

Harveste also showed variation with regard io the re-
frective index of the oil and the maximum Qas obtained for
the 41h harvéet (1.4709). It nay be noted tﬁat the refrac-
wive index'or the oii from the different portions of the
_plant during each harvesi confirm to the ISI specificaiion

for the refreciive index of palmerosa.oil.

The refractive index of oil of the flowertop (1.4701)
and the 2/3rd portion (1.4704) recorded in the present study
is in conformity with the findings of Gupta, ot al. (1360).
High value for the refractive index of the oil igperﬁad by
Karian ané Das Guéta (1948), Guenther (1950), Burger (1958),
Gupta et al (1980) and'Pareak et-al, (1980) wae not obtained
in this study. | |

AN
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Solubility (in 70 per cent ethyl alcohol)

Amoriz the treatmenta, the hignest solubllity was
‘recorded by the oil of the 2/3rd portion (1.64) and the

loweat value by the oil of ithe flowertop (1.51). L high
solubility~réeoragd by the oil of the 2/3xd pobtioﬁ and B

the low solubility for the oil of the flowertop may be
explained by the geraniol conteni in the oil. Geraniol is more
polar compared to geranyl aegtate and hence geranjol will |
diseolve more in the polar éolvent (alecohol). With regard

to- the solubiliﬁy of tie oil in 70 per cemt alcohiol, there

was no'eignifiéaﬁt variaﬁipn among harvests. The solubility
recorded by the treatments in different harvests confdra %o the
IST stendards which specify & solubility of two volumes i

' 70 per cent etayl sloohol. ‘This observation is in agreement
with the findings of Burge£ (1358). A hignh solubility re-
ported by Nerian and Das Gupte (1948), Guentner (1950) end
Virmeni et al. (1977) for‘ihe oil of palmarcsz was uot obiained

in the preesent siudy.
Acid velue

High agid'values were obtainéd for the,oil of flowertop
(3.40) and the 2/5rd portion (3.28). The lowést acid value
‘wae recorded by;thé)oil of the w@ole plant (2,76). Higa acid
value recorded by the oil of flowertop moy be due'to the in=

creased partial conversion of the geranlol to geranic acid,

’
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The first ihree harvests which were taken during the monsoon
season recorded low volues ae coméared fo\harvegts in the
_poai-nonsoon season. Ihe écid value recor&edlbé the oil

of the 1/3ra pqrﬁidn énd.the whole plent in the first turee
~hérvests was below 3.0 and satiefied-the I“I'reauirément.
Nariar and Das Gupte (1943), Guenmnar (1950) and Burger (19 i3}
also recorded oils with acid values confonding %o 131 standarés.
.However, Pareek et gl., (1980) reported a range oi 0«03 1o

- 17.90 for ecid number. The acid valﬁgs recorded in tne pre-
gent etudieslfor ihe difrerenz,tfeatmeﬂﬁs'ﬁuring sach har-
vest (1.92 %o 4.22) fell wiihin the above range.

)

Seponification value of unacetyliged nil, ester value and
ester content

'The,saponification,value sud ester value are indicative
of the@star content of tﬁe oil., The lowest values with re—
gard to the above thfée paremeters were recorded by the 1/3rd
portion, the highest value beihg obtéined for ine 0il of tne
flowertop. Ii uay be assumed that in the oil of Plowerion
stabilization 0£.alcohol oy forming,their'aétere) is more,
It chould be pointed out that the acid valué of the oil of
flowertep was also relatively high. This can be explained
QSSuming conversion of geraniol to ﬂ@ranic acid and merahyl '

acetate takin‘ plaoa in the czl oi the f1 owertop simuliancously.

B3
/



There was also signiilcant difference betweeﬁ harvests
with regard to the above paraneters. Firet harvest recor-
‘ded the lowest value, the higheat being recorded by, the
third harvest.

A high ester content in the oil of'palmérosé is not
a desirable charactcr and such oils are given a lower rank
for perfunery purpose. ISI requireaent for thc oster con-
tent of palmarosa, oll is within the range of 3.1 to 12,5.
Thellowest estqr contehtl(17.?8) was'fecorﬁed by tae éil of
the 1/3rd portdon and the highest (21.44) by.the 0il of the

flower top.

The ISI-séeeifies a valﬁe within the range of 9 to 36
for ester valwe. The lowesf value recoxrded for the ireai-
‘ments was 50.78 in the 6il of the 1/3rd portion and for ihe
harvest, 40.84 in the oil from the first hervest. A very
high ester value of 76 was reccrded by Pareek ét al. (1580).
Narian and Das Gupta (1948), Gueniner (1950) and Burger (1953)
also reported fairly high esﬁer values for palmaroqa oil which
did not satisfy the ISI- requirements.~

'& high ester conient in the oil of ilay harvest was
" pbserved by Gupta et ale. (1978). On tle conirory, in the
present gtudy, & low egter oontent wae recorded %or the first

hurveat whien fell during hay-June. Gupts et al. (1980)
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obperved tnéthtracte naving a cooler climate produced
superior quality oil with high geraniol per cent. The
wern climabic conditions of Kerala mey be a reason for

the increased esier content of the o0il recorded in tais

study .

Sappngigcation'vaiue after acetylation

Saponificéiion'valuefef%éf acetylation c&h be taken
as en indirect measure of total algohols'(aa geréniol),
precsent in the oii. Tréatmenta differed significantly
with regerd to the‘saponifiéatioﬁ value after acetylation
of the oil., The hi@hee%ﬁ%&lue with regard to tiis pareneter
(273.63) was recof@ed‘by the 2/3rd_poftion and the lowest
(264.62) by the Ilowértop. ~This may be due to the relatively
higher content of geraniol in the oil of the 2/3rd portion -
of the plant. This obsarvatiﬁn is further 6orroborated by -
the ldw gspecifi¢ gravity and high refractive index of this
plant portion obiained in the present study. Ambng the

harvests, the highest value was recorded for the 2nd harvest.

The eagonificétion value after acetylation for the 4iff-
‘erent treatments during each harvest recordsd in the present
study ran@éd'from 259.25 to:279.57. These figures are com=

parable with the ISI requirements for this character which



88

- specifies a réngg of 266 to 280, . Guenther (1950) reported
a range of 226 to 274 where as. Burger (1956) reporied a
" value of 268.8 for the saponification value(after_écehylation\

of the oil.

¥ree alcohol

Free alcohol vas found to be at its maximum (7&.7 %)
in the o0il of the 2/3rd portion and the lovest (69.74%) in
the oil of the flowertop. 4 similar treng,.a hlgper per-

- centage of free alc§h01 (53.6 0 T1.9%) in the oil of leaves
as compared io the oil of flowertop (56 to 62.8%) was obser-
ved by Gupta et al. (1978). The higheat free alcohol recorded
by the oil of the 2/3rd portion'end loweet in the oil flower-
top may be éxplainpd hy‘thé fact that sta?ilization of alco-
 hol by forming esters and conversion to acid is moré'in the
oil of flowertop than in the 011 of the 2/3rad pormlou, as

inéicated by - the ester content and acid value of the oil.

The highest free alcohol was reborded for the oil
obtained for the first harvest and the lowest for the third
harvest. It ﬁay be noted that the lowest eaﬁgr value wvas
\récorded'for the fiési harvest where as the ester value of
the third harvest wase high. It mey be noted that when the'

free aiconql increased the ester content decreased.
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Combined alcohol

b

The @eroentage,of alcohol whibh pccurs in oil in

. combined form as esters is referred as the combined alcohol.

0il of the floweriop recorded ihe highest percentage of
combined alcohol (16.85%) followed by that of whole plént
(16.79%)e The loweet value with regard to coﬁbine& alcohol -
was observed for ihe oil of the 1/3rd poriion. Hervesis .

also differed significantly for the combined alcohol, tae

. maximun being recorded for the third harvest and the miniasum

for the Iirst hervest. It mney be noted that the combine&
alcohol recorded by the various treatments in different

harvests followed the same trend as ihat of thie sster conteni.

-Gombined alcohol is 1ndicative of- the ester content of the

011t

Gerggiol content - | ,' : .

\

The geranibl'content fecordeﬁ for.the treataents

varied from 86.60 %o 90.98, The oil of the'zlsré portion
met the IS8T req@irement of mindmum 90 per cent gerahiol.

The oil of the 1/3rd portioﬁ'and af'th¢ whcle plent were #ery
close to it. A low geraniél pericént in the oil of the flower-
top was obsgerved ln the present study. It may'be noted taai
the geranlol contenﬁ in dlfferent porticns of Lne planc ehowsd
Variation and tais may be because of the variation in tae

extent of biosynthegis in different parts. 1t is also likely
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that stabilization oi alcohol by foraing esiers end wonver=—
sion of the mlcohol %o the corresponding mcids vafy in

different parts of the planut.,

Gupta et ai. (1978) rep&rteﬁ 6 iow geraniol percentage
of 80;3 to 85.9 in the oil of &he flowértop, Though the
: éeréniol percentage of the 2/3rd portion recorded in the
>preéent'investigation was higher then the figures :égorted
| by the above worker, it agrees to the fact that geraniol |
percentage wae high in the oil of the leafy portion (83.3
to 87+6%) as compared to that of the flowertop. A high
geraniol content of 93 per cent was observed by Burger (1958)
for @ erop of palmaresa~raised in Africa. Geraniol oontents
below and above the ISI reguiremenis were recorded by
| Narizn and Das Gupta (1948), Guenther (1950), Virumani et »l
(1977, Gupta and Jain (1978), Gupta et al. (1980} and
Pareek et al. (1980). |

Harvestis aléa showe& signifieant:variat&op, the hignesgt
geraniol per cem1 being reeorded for the 1st harvest and .
1cwest during the 4ith harveste A similai increase of active
prinoiple in the rainy menthu was obeerved vy al~ﬂin et al.

(1976) in Eucalyopius camalduledsis, & high clneole content

in May-June and & low content in January<February. '

1



_Geran‘ibi g’“‘ield o

Whole plant yielded the highest quantlty of geroniol
though the percentage of . geraniol was highest in ae oil
of the 2/3rd portionﬁof the plant. It may be due to the
high oil yield from the whole plaut as compared fo . the
portions of the plaut, The gersniol yield of the whole
plant w§3”10.62 kg,_ﬁhel2/3rd pof{iah\5.1§ kg,/ﬁhe flower
top 3.29 kg ané iﬁe 1/3rd,quﬁion.1.95 kg, It is interest-
iﬁg to note that flbwer'top which recorded the lowest
geraniol per cemnt rauked third with regard to geraniol
yield due to the i‘airly higa 011 yield, 'Geraﬁiol yield
wes highesat for the first uarvest (10.73 kg) and least for
the fifth harvest (1.25 kg)e High geraniol yield (7.13 kg)
- was recorded during tﬁe nonsoon season while poat~monsoon
season recorded only 3 41 kg. 'This clearly infiicsted that
geraniol,yield was aore dependent on.ail yield than on

geraniol eontant.
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\

the firsi. Poat-monsoén harvests registered maximum
récoveny of esaential oil in ali the four tﬁeatments.
Inﬁeractian betweeq effects of ireaitments and harvests
_was also found to be significant.’ Tlower top reeeréed
& high oil recoveny in all the harvests while the 1/35rd
'portion of the plant yielded the minimum quantity. '

B 01; yield recor@eﬁ for the d;fferent treatments
during eaah‘harvest differed significantly. Whole plent
- recorded an oil yield of 59.63~kg per heétaie per &ear
out of which the relative contributione were 33 per .cent
by the flower top, 48 per cent by the 2/3ra portion and
19 per cent by thé 1/3:@ poriion of the plant. Highest
0il yield was obtainedlfrom the first harvest and the least
from the fifth h@rﬁast.\ The effect of ﬁreatmentslwithia
the saame harvéét was alsé-significénﬁ.  Ehe can@ribﬁtion
of the 2/3r& poftion of the plant towards the totel yield
deoreased progreéaively witn~succeséivé harﬁests‘except in

" the third harvest. -

4. The eccmomics of harvesiing and distilletion when
worked out showed that ihe maximum profit was obiained

by distilling the whole plentb.
N . ‘) N

A. 5. Optical retation of the oil showed mno difference .

 with thg‘tréatmenté and harveste imcluded in the etudy.



With regard to ail oiher physice-chemiéal properiies of
the oil, the ireatments and harvesis showed signifiéant
differences‘except for golubility of the oil in,whioﬁ cage
the harvests did not differ significantly. 'Imeracuon
between the effects of treetments and harvests was also
found to be sign;ficant. - Haximum values with regard ic

| the specific gra#ihy, acid value,-aaponifica%ian'value of
_ unacetflised 0il, ester value, ester content end combined
alcohol of the oil were recorded by the oil of the flower
top and the mininum values for the above parametars by uﬁé
oil of the 1/3rd pcrﬂion. Haximum values with regerd to
acid value of the oil were_:ecoﬁdedlfor the oii of ihe
.fourth harvest aﬁd specific gravity, saponification value.
of unacetylised oil, ester value, ester content end combine&

alcohol for\tha oil of the third harvesi.

&eiractive index was naxinum 1n the oil of the 1/9rd
portion, When the dlfferant harvests were compared the

maximum velue was racorded.for the fourth harvest.

- The oil of the 2/3rd portion recorded meximum soiu-
bility, fbee alcohol éhd’gergniol content. Free alcohol
and gaﬁaniol content were maximum during the first harvest
vhen tie -ester content was the mininum,

\



6. Haxinum yield of geraniol wés obtained frow ihe
whole plant indicating thai geraniol.yield is more depen-
dént on oil yield than geraniol content. The first
harvest which recorded naximun 5il yield haé algo ylelded

the maximum geraniol.

1
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SUMHBARTY

The investigations reported in tae Thesie\were gon-~
. duciea at the Lemongraes Research Station, 0dakkall during
1979-80 to study the 0il yield and quality of oil from

differeat portio&s‘of galmarosé plant during each hervesti.

The galient resulis obtained are sumnarised belows

1. lerkage yield recorded by the treatménta in
ﬁiffereﬁt harvests varied widely. Out of the 26307.3 Rg
of herbage per heciare obisined from whole planit, the
relative proportion of the flowertop, the 2/3rd poriion
end the 1/3rd portion of the plant were 12 per cent, 46
per cent and 42 per cent reépectively. slaxinun herbage
yield was recorded in the first harveet and the:léwea% in
the fifth, Harvestis during the monsoon season accounted
for‘75 per cent of the tolal herbage yield wihile post-

monsoon harveste yielded only 27 per cent of the toial,

2. Essential 0il recovery recorded for iie ireats-
ments showed highly significant differences. Highest
recovery of oil was obtained irem the flowerwop and ithe

lowest from the 1/3rd poriion. Harveste also veried sig-

32

nificantly with regard {to essential o0il recovery ihe aaxisun

being recorded from the fifth harvest and the miniloua from
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Weather data (monthly average) for ihe periéd £rom
April 1979 io April 1980

APPENDIX 1

- on e -

e o= -

Total

April

SR A Sy qun B0 g S ) IR S SN

Honth Temperature G ﬁiiiéi%; reinfall 5?“§§§ny
Maximum  Mininuo (%} (mm) days
CC " T
April 3445 24,0 87.0 o4 4
Hey 3149 24,2 87.8 9540 9
June 29,2 3.4 88,6 695.9 26
Suly 26,5 22,5 90,0  780.5 30
August 2742 22,1 896 53749 18
September 29,3 23,1 90,0 28040 20
October '30.0 22,7 89.8 37546 15
Hovember 2945 22,8 91,2 398.8 21
" December 31.8 21,0 86,9 19,2 3
- 1980
January 3244 18.6 8543 Nil Wil
Februery . 338 S 21.4 8640 Hil Nil
March 3443 23.4 8440 7842 5
3343 2442 87.0 15743 19

- S Sy Sk Ues e e



APRENDIX

i

hnalyeis of varienee for the oil recovery and bhe oil
yield as influenced by the treatwenits and harvesis

Hean squares
Source af :
0il 0il yield
recovery {kg/ha)
(%) '
Harvests 5 0.1593 7 233.60%%
. 2 PN
Treataents > 2.7319 53559
: 2 N
Interaciion 15 0.0174 43,56
- Error . 9 0.0017 0,42

#% gignificant at 15 level



APPENDIX III

Analysié éf variance for the sgebifie<gra§iﬁy, refraciéive
apd solubility of the oil as influenced by the treatnents
and harvegis

- oy o v o oo - - hanbendadl

S : : - Hean squares
Source at . - '

Specific  Refractive  Solubility
gravity index ,

- L T

Harvests 5 0,0000160° " . 0,00000178 0.00197

Treataents 3 - 0.0000190"  0.00000082 ©.12560""
S . o oww Ao
Brror 96 0.0000006  ©0,00000017

#% Significant at 19 level



APPEHDIX IV

Analysie of variasnce for the sasonification value of
unacetylised o0il, the ester wvalue aud the esler couieni
of 1he oil as influenced by the ireatuents and harvesis

- e ._ . - - - B0 > 0 S e G s O D

liean squares

Source af
Soponifica~- - hster haster
vion value value conbent
of unacety- " i
lised oil
“““““ ToTTTTTmTTTTT **" ' -,‘-.“--. ER —‘—-::‘t
Herveats 5 1858, 10 1852, 16 220.90
' * o 3
Treatuents 3 1006.94 " 995,72 121,90
L2 3 X2 P
Interaction 15 64,37 6%, 13 T4
Erpor 96 3.53 3063 . Ueldd

*% Significant et 1% level



\ APPENDIX V

Anelysis of verisnce for the acid value =nd the saponi-
fication value afier acetylation of the oil as influenced
by the treatments and harvests

- e - 1 -y

Hean sguares

Acid ' Saponification
value value of acse~-
| tylised oil
Harvests 5 3.43 O 149.9™

, - - X% o ' R s
Treatments 3 296 445.61

' ) ‘ _ a . 3
Interaction 15 - " 0.99 , 63435

' Error | 96 - ' 0664 : ) ‘ 4052

** Significant at 1% level



APPENDIX V1

Analysie of variance for ithe free alcohol and the
combined alcohol content of the oil as influenced
by the treaiments and harvesis

-Hean squares

o

at

Combined

Source Free /
- ‘alcohol alcohol
(%) (%) -

) . - € ¥ . A X%
Hervestis 5 283,60 140,21
Treatments -3 ;297.29“ .75.29“
Interaction 15 - ‘37«'55M 4378”
Error ’

96 ‘- ’034

C 2075

%% Simificant

at 19 level -



APPENDIX VII !

Anslysis of variance for the geraniol content and »
geraniol yield of the oil as influenced by the treat~
_ ments anﬁ harvests . :

!

fesx squares

P

Source az Geraniol ' .  Geraniol

- content yield

| & - (kg/ha)

4 . LK

. Harvests - 5 - 42,31 . 201.02
Treatmenta” 3 101.47 440,67
' wm ’ 5

Interaction 15 10.84 ' 37.74

Error 96 0.81 0.38

*# Sionificant at 1% levél
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LBBSTRACGT

Invegtigaﬁionﬁ were cérrieﬁ out at the Isnongrarss
Research Station, Odakitali, with the'objective of agsesy~
| ing the yield and quality of 0il, obtained from the difie-
- rent poritions of the palmarcsa plant as compared to the
whole plant'and from the different harveste taken in an
year, It was also ained at finding out ihe economice of
‘hérvesting aﬁ@ diétilling of the differeﬁt portions of the

pl‘an'ﬁn

The resulits of the study revealed the quantlity of
jgrass and oil ebtainedlfrom the whole Qlaﬁt and ithe relative
contribution of the flower top, the 2/3rd portion and e
1/3rd poriion of the plant towards totél yield, The whole
plant yielded 26%07.% kg of herbage/ha/year, out oi which
the maximua was contributed by the E{Erd yor%ioﬁ of the
plant (46%) followed by the 1/3rd poriion of tae plandy (425)
and the fiower top (124). The flower top recorded tae maxi-
mua oll receveny and the percenlage comﬁrihuti@n"of the
flover top tovaerds total yield was notable (3373} eventhough
the maximum contribution was given by the 2)3rd portion of
the plant (48%), Both herbage end oil yield were maximua
from the monsoon harvesﬁs {1st, 2nd and 3rd) which recordeaA
7% per cent of total herbage and 6B:per'cent of total oil

yield..'



Ceonomice of harvesting omnd dietiilation of the
different éortione of the plant when compared to the whole
plant indicated et maximum profit wes obtained by disti-
lling the whole plant. 'Dis%iiiation of thé flower, top +
the 2/3rd portion of the plant ie.,_after reﬁaving the
bottom 1/35rd portion had resulted in a mach lower incoums.
Tais study has proved beyond doubt that disiilling the wihole
plant is econcmica1 and more profitaﬁle than utilising a

poriion of it, /

‘Thé quality of the oil from different poriéions of

the planit in diffefenﬁ'harveats showed wide variabion. The
geraniol content of the plemt poriions and the whole plant
wes within aeceytablé limits‘excep% the flower itop, wiicn
was low in geraniol. in'general, the ester content of the
oil wasg fouﬁﬁ to be high wihich right have contributed 4o the
high specific grevity. The high content of esters in pal-
marosa oil lowers its perfumery value. Hence, further in-

vestigations to probe the possible reasons for the increased

content of esters are necessary.
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