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IHTRODUCRION

@ggbopqgan §§£§§§ Renale, Ceylon typé, aa aromatiec .
grass, is the main source of valuable éiﬁbcnaila'ail. The
oil ﬁccupiee an impertaﬁt position anong eaaeﬁti%l 0ils, owing
to its high pereen&age of aleahals mamnly geranzel and terpenesg.
The oil is mueh sought after far its rouaded 1emany balsamie

rosacsous eﬁanr.

‘ The ﬂil hag wide agylieatians in easmeﬁiea, soap
perfumaa and ph&rmaasutiaal praaumts. 1t is alse used as 2
soothing smear for meaqnite and laaeh bikes. %13@& with other
lingreﬂieﬁ%s it is a good rapellent againat inseeta. It is a
souree af.perfumegyeiaalgbas 1like geraniol and ¢itronellal
'which,eaa be egaverteé‘inﬁe dome widely’aséé'aramatiégﬂlike
h&ﬁr@xy,eiztbnellalg ayatﬁeti& menthol esters of geraniol,

citronellel eto.

?réaen%'&eman& of eiﬁréaélla éil,in Indis 1s about
140 %o TEG'ﬁannés. Ef self sufficiency in eitronslls oil is
achieved the country ean save twenty lakhs rupees vorth of |
: faréign exchange. The dsmaﬁﬂ éf ihis oil is iﬁareaﬁing anﬁ~,"
it is expected 0 be about 500 ﬁ@nﬂes per year. (Dutta and
thmni,1961)
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gitronella oil is not produced in this country on
z large scale. The internal géq&irémgn%a are at present being
met by imports, chiefly zram,ﬁarmqaa, Goylon, Prance, Hethorlan

and to o small extent from West Germeny, U.X., and Singapore.

| Phe Qeﬁiaa type of‘aiﬁraaelia grass has now been.
sueceanfally aulﬁiva%éé on &ﬁ @x@@ﬁiﬁeﬁﬁal seale 8% Seuthern
fZonal Centre, Eaﬁg@}una by the Central Indian Nedielnazl Plants
Orgenisation. Its eultivation has aleo been taken up on an
experimental scale from 1?60 by the Lemongrass Research Station,
Odekali, Kerala. Gultivetion at &emmﬁg&a&a.ﬁagéarah %téﬁiﬁn,
f@dak&li‘ghaweﬁ that the elimatic and soil aenﬂiﬁ;Qns are qniﬁa:
saitaﬁl@ for the profitable production éf this valuable oil
‘under Kerala conditions (Pillay, 1960). It is well known that
Kerale occupies & laprge éeéa'anﬂar'lemaﬂgraaﬁ (mebogoggg~
flexuosus) and produces nearly 75% of the total world productio:
" of lamaagfaas oil, Both lemoagrass, eand gitronella grase are
elosely related speecies with more or less gimilar habite and
requirements. '?ha eultivation of aitznnella grasa has the
following sdvantages nnder Rerala conditionsi-
1. Oitronella gross will be a better substitute for
. those aress where laaéngraaé has been abandoned due

to uneconomic reburns.



2. Juat 1ike lemongrags ih ean be cultivated in plaaas
and aails where ether erope do nﬂt come up- wall.
3. Cultivators will get a steady incoms from the 4th
month enﬂards. at regular 1n%srvale af 45 daya.
é,‘ The erop does not require much care or aﬁtenkian
and is free from eny serious pesis or &iseases,
L It 45 a éail binﬂiﬂg-erﬁpisuitablé for s0il conser-
' ypation on hill slopes.. B | d
'6._'§ha spant—grasa abtaiaed afﬁer the extra¢hian of

oil can be used as & gaaé erganie manure.

. Befara'ﬁegﬁiarisiag aﬁy crop it ds héghly esgential
- to db%aiﬁ'ade@u&%e’iaf&rﬁaﬁianlbn the mgrondmic practices to

- be adophed anﬁer the grevailiag ¢oil and climatic eonditieas.
Among the gsaveﬁ tashniquee in inaraasing er@p yroduotien the |
use . of fertilizers is one af the most important. Being a

© newly intruﬁuﬂe& crop no syatematzc aetempta have been made

in this country ta investigate the nutricianal reguiremanta

or thﬁ‘&fﬁ@&ﬁﬁ of nuiriants.@n its yield and ualiay. Only -
a very limited mumber of axgarimanbe Have been. reported so ’
far an this ermp.‘ The aoat impartanx &meng bham are. the works
e@ndacteﬁ by aeaaie (1949) Brown anﬁ Hatthews (1951), Joaehiﬁ»
and Pandittsekers (1953) and Tin and Lian {196@).' Thesd - -



- authors have begarte@ tﬁat eifronalla grass s a heavy feedor
‘and rapldly exhﬁusts the so0il. ‘Periodical harvest of.ﬁhe erop
. pemoves 10-12 toénes of cut grass from 2 hectare per yeaé.
Varying amounts of nitrogen, phosphorus and patash,ﬁave‘been

recommended under different soil and elimatic conditiona.

?ha'wurkAaanﬁueted'at ¥ayaguez Experimeatal Station
. in 1923 and hy’otﬁer workers namely, Davis gt al (1957),
Kérézava-(1961} and Guttiang (19681), in other places on other
essential oil orops show a uniform positive response to caleium

in the matter of yield and quality of essential odl.

Since citrenella grass is very important in.industry.
ah§ sconomy of the couatry, inves%igatinn on its cultivation
N~piactiee3 becones ﬁeeessary. I%s goasibilities fcr substituting
Alem@ngrﬂsa in uneconomic plantations are markad, Therefore an
attompt has been mede in this 1nveetigatien to determine the

manurisl requirements of this important crop.
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REVIEW OF LIPERATURE T i

Effect of soil and clinate

_ . Sai;, climate and altitude pr@to&ndiy'aﬁfect the‘
viﬁalihy'&nd ;ife~agan of the orop as well aa yield ana
guality of oil mainly citronsllal. ' |

Gedrga (1924) diseussed the soil coanditions, yield
of oil and mebhods of cultivation ofyiemongrasé and eitro-
‘unella grass., He hes stated that citranaila grass grows wild
in ﬁhe.ﬁilgirié and Salem districts of Zouth Indja, and |

-thrives well under gandy loam soils also.

&eaarding to Hischmann (1938) calearious soils with
only 2 thin leyer of éand vielded good grass and oil but are
exhausted later. Az soon as.the réoﬁs:eaah subsolil the
eitronelial content decreases. He believes thak:the sandy
soils on whish the grass does not grow very high offer a

natural protection for a good oil yield,

Guenther (1949) stated that deylon citronellis -
flourishes in 2 less fertile soil and require only less

cultural cars and ﬁcisture. than the Java type. The localities

»



‘Wh&re @eylan ei%ronalla is grown, usually are hally and 1@35 |

fertmla. mﬁa% favaurabla soil is 8 'rich alluvial one'.

Brown aad &atﬁhews (1951} repartea that citranella |
needs abundant wall ﬁistribateé rain fall, and sunshine through-
out, particularly:auring hnrvest tine. &aaﬁ soils auff;eieaﬁly
fartile are auitaﬁle. Very rieh or vergin aaila give a greater
yvield of gr&ss, ba? its ol aanﬁeat 48 abﬁnrmally 1owW. 3@ep
'sanﬁy aeila @ufxicianfly fer%ile are bettaz th&n 1Qamy or
fertile ones. They are less affaated by wegﬁs,Jﬁhe yield of
leaf is lower §u§'th@ percentage of o4l ia the leaf is higher.

Joachim and pandittsckers (1953) xagerhéﬁ_%ﬁat
citronells gress grows well in typical latiritic, gravelly-

loams of Geylan;

aasilva {1957} renarﬁeﬁ that eitronelln growa in
~ordinary soils anﬁ cones up well upto an altiﬁuﬂe of 2@66 ft.
Alternate rainy dﬁﬁ &unny weaﬁh@r is faveurable fer the

. Ql‘@? »
'Aceardiﬁg ﬁa'%aagépai (1@69} ﬁeglan eitrdneila_ig
hardier and has 1aager 1ifespaa, than Java ﬁyna. 1% flaﬁrishas

in sails 0& even poop fertility aﬂa reqnire& only very 11&1&5&

cul &ur&l ax&d manur:!a&. care.



Dutta and Viemani (1964} reperted“that4ceylon citro-
nella, grass can be grown upto an altitude of 600 mebres. The
annual rainfall where the grass is grown in Geylon is 152 %o
‘1%8 oms. The grags grows well on poa? typa.of soils pért1~
ealarly-on the @lopes of hills. It grows in’ﬁhe sun as well:
ag in the shade. But shade 1s detrimental to the yield of
. 0il, and its total geranicl content.

Influence of Eitrogen, Phoaphorus, Potash and Calcium on grawth,
grass yield, oil yiela and qualiby of oil

only verylfew-invesﬁigatﬁﬁﬁg on the effect of ferti-
lisers oh Cymbopogon pardus haveAbéen_reparﬁed, but there is
considerable publishéd_work on other eseeatial oil yielding
erops. A review of the 1iterature pertaining to the affeet of
mapures and fertilisers on Cymbopogon mardus and other essential

04l yielding planﬁs is given below,
Qrganic oanures

Organic manures are reported to be used in replenish-
ing plantations of citronella and other essentisl oil yielding

erops.

Beckley (1931) recommended the use of at least 15



tonnes of compost along with 200 1bs of potassium sulphate

per acre for lemon grass before planting.

Hischmenn {193%6) stated $hat citronella is a soil

exhausting crop, and suggested using Jephrosia candids,

Pephrosgis vogilii, crotaleris speeles and various mimosa

varieties for regenerating the soil and renewing the

piantatiogs‘

Powers aad Jones {1942) in green house trisls
obtained marimum yield of peppermint, which received farm
Yyard manure and Muriéﬁe of potash. Bujb ih field trials
this result was not obteined. |

According o Powers {(1948) mint solls require a
good supply of organic matter and nutrients for satisfactory

growtha

Anammed and Tihud (1949) recommended the application
of farm-yard msaure in poor soils for roshn grass alqng with

fertillsers.

Ag reported by Guenther (1949) the best method of
fertilizer application %o citronella grass is mulching the
crop with choppedAexhauated grass received from the same ared
along wiﬁh suyerphosphate. Guenther zlso suggested the appli-

cation of spent grass ash.



Moorthi and Moosad (1949) reported that Brinemanure

and ground nut cake inereéaed the 0il content of vetliver réots.

Brown and Matthews (1951) reported that Java citro-
nella is green manured after five years with tephrosia,

erotalaria and minpsa species.

~ Khotin (1951) showed gignificant differencein the
yileld of essence in rose geranium by the applicatioh of farm-
yard manure and recommended the application of 30 metric tonnee
psr'ha'of tfarm yard manure along with complete fertiliser at.
4he btime of planting.

Fernando (1953) got significant difference in yield
of eitronella by thélayplioation of 4 toanes of compost and
240 1b of ecitronella ash per acre, ﬁanuring‘with eom@eat'and
citronella ash in the third year produced 12% increase in
yield of oil. Regular and frequent dressing of manuré com-
mencing earlier than the third year is likely to‘be more
effective. | '

According to Menon {1954) cowdung manure and fish
gusno increages the yield of Patchouli.

Chamura (1955) reported that the application of
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rape seed oil cake gave best oil yield from mint plants.

Chopra. (1962) repar*ed that trisls oa‘gggggglarvénsis
at Jammu snd Kashmir showed a gooa response ta organic manures
and recommended 12 toanaq of farm-yaprd masure before: planbing
He alap found that green maauring was asuitable for satisfactory_

growth.

Pillay (1962) reporte&‘tgat 5 yeaps tfial wiﬁh-—
10 tonnes of well roited isaf, farm yard maaure or compost

gave increased yields of HMentha arvensis.

| Trials conducted at Eemongraés 3eaearch Station,
Gdékali on lemengrass, from 1959 te'1963,-tha revealed that
mulching lemongrass with 30,000 1b af:spent lemongrass per
acre per year gives signifie%ﬂtly increaged graas and o4l
yislds. Another trial at the same stabion with spenx lemon~-
grasa compost and wood ash during the same perioa applied

at the rate of 5000-1b and 2000 1b regpectively per acre

per year has given significantly superi@r results (&nn.
Progress Report - L.G.R.S,, Odakall, 1963—64).

Gulati (1963) stated that either orgaenic or _
/ihorganie manures ean be applied %O_EOEQEtamqn patchould.



'At the Indian Institute of Soience, Bangalore it was found
that farm yara'manure at 1185 kg./ha. along with 2275 kgms. .»
of Ammonium sulphate has given better growth of patehouli

than farm yard manure, ¢il cake, or ammonium sulphate alone.

Dutta and Viemani (1964) stated that fertilizer
applicaéion increases the growth and yield of c¢itronella.
But the usual practice of Ceylon is to replenish the fields
bienially with ashes of cibronella which has been obtained
fﬁom the spent lemangrasa burnt as fuel. Green manuring is

conzidered benefieisl to java itype of ciltronella.

Bffeet of nitrogen
Burne (1923) estimated that one hundred weight of

lemongrass removed 167 gms. of nitrogen from the soil.

Barner (1938) reported that nitrogen increased the

041 content of Salvia officimdlis and Artimesia sbainthium.
He did not get any response to nitrogen in other plante. He

concluded that no general rule can be laid down, but the
manurial requirements of each specie and variety must be

tested separately.

Kwinichidze (1939) reported that ammoniacal ferti-

lizers increased the oil percentage in Meritha pipereta. The



moisture content of the soil was aleo found to affect the per-

contags of oil.

_masaelennikav.(1939}‘showed-that on podsol soils of
 bumid tropies geraninm responded extremely well fo nitrogeﬁous

fertilizers,

Ih is stﬂted in the report of the Agrieultursl .

: Experiment 8tation, Puertorico (1939); that nitrogen gives -
significent inerease in grass, o0il and eitral in lemongrass.
The same station report (1940) states that levels of aitrogen
upto 240 1b / acre have giv&n significant increase in grass,
o0il and eitral yielﬁs.

Ilin (1940) while studying the effect of mineral
nutrition on the fo#ma%ion of esaential oil in4papperminﬁ,
taunﬂ that noderate nitrogen nutrition during the initial
periods ef growth and supplemeatary nitrogen during budding
and flaweriag perieas 1nareased the contents of carbohy&ra%ee

and essentinl oll.

As steted by Guenther (1949) Dejoo found that citro-
nella érasg is very sensitive to nitrogenous fertilizers,
It reduces the yiela of oil per ton of graSS and increases

the green matter sbnormally. This seems to be a result of



imbalence betwean nitrogen and phosphoric acid.

Autran and Pounderd as quoted by Guenther (1949)
reported bhat mnat prolefie growth of lavender is obtainea
by the 3pplication of nitrogen in the form of sodium nittaﬁe

or ammonium sulphate,

~ Burthi and Moosad (1949) reported, increase in
essential oil content in vetiver by the application of ammo-

nium sulphate,

Schartz and Wiemaan €1é49) found thet in labiatae.
adequate nitrogen supply ia essential for high oil yields.

Ehotin (195@) rééérted that application of sodium
nitrate and ammonium,sulphaﬁe to cherenozem soils nearly -
doubled the oil yield of Hentha pipercts espeelally when
agplied early in the growth péried of the plant. |

Brown and Matthews (1951) found that citronella
req&ires ammoninmvsulphéta along with other faertilizers.

Joachim and Bandiétsexera (1953) while investigating
the effect of organic and artificial fertilizers on grasé and
0il yield in cltronella, found that nitrogenAaléne did not -
increase the oil yield. ' ' |



Chamura (1958) observed that, ammonium sulphate
application increased the oil yleld of peppermiat. |

Baird (1956) from his experiments on Hentha pipersta
from 1951 %o 1958 concluded that nitrogenous fertilizere
markedly inereased the hay and 0il yield. .

Davis et al (1957) reported that aitrogen applied:
_o% the rate of 25 and 50 1b. per mere has given large response

in pepperming.

‘Hotin (1957) reported that nitrogen applied during
bud fam't;’ian in mint inereased the menthol content.

| Stgig@r@aia (%958) f?&m nis 1&53 term fértilizer
experimenﬁs wi%h,peppermint on miner&l goil regar%eﬁ %hat
. green matier anﬁ aryieawes ware mﬁra affected by adtrogen
| ~%han\phgaphsfas and ?ﬂ%&ﬁh-: Peptilizer exceph nitrages,
,tendeaAts.ﬁeareése the oil content which sgaln was more
~ affected by waahhér than farti&&%ers. ' |

Sehroeder (1959) recommended 80 to 100 lb. of
: 'ni‘!;ragen par aeve forp mrjeram (erigu.m 3.gari) '!:c prreénce
maxinun yield of herbage. -

Latypov (1950} reﬂari:ea tha%; ammozziaeal form of
M*(;regen B*bimulaked the pm&mti@n of eaaem:ial 0il to =&



greater extent tﬁa@ nitrate form. Ammdnium sdlphate'was:
more effective than ehlorideé in ol production. The ferti-
lizers not onlyvinereaéed the essential oil content but also
improved the composition. | ‘

cutting (1961) reported that nitrogenous fertilizers
may increase the yield of gersnium oil but the quality of oil

is reduced,

Lin and Lian (1962) showed that nitrogen significantl,
~ increased the yield of citrbnella_oil. An optimum dose of
30 kg./ha. in the first year of plenting snd 60 kg./ha. in the

following years have been recommended.

Singh and Guptha (1962) concluded in their manurial

experiments on Roge damascens Mill., that a mixtuare of 20 gnm,
. of ammonium sulphate and 20 gm. of potassium nitrate per

square metre gives significant resulis,

~ Gulati (1963) reported thah nitrogenous fertilizers
‘increases the yield of patopouli. The application of.fertili-
zers increaseé the fiel& of patchouli. The application of
~ fertilizers 4id not make ahy diiference in the oil eenteﬁx
and quality of oil in 1eaveé§ ’ | |

Shii, Young and Hu (1964) in their fertilizer
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experimenﬁ on citraaella on lateritic red soil éan%aining
2. 31% organic matterg and 0.1% nitrogen, found that ammonium
sulphate inoreased tsﬁal yielﬁ by 51 ts 61% The quality of

01l was reduced.

Choudhary and Siswas (1984}'reaerﬁea that applica-
tion of 20 1b. nitrogen per sere in the form of ammanium
sulphate, significantly inoressed. tﬁe yield of. laavas and
oil in Qeimnm Eilinma dschariezm. Thare was har&ly any
Idifferﬂnse in phyaieal @rap@rﬁias of 0il or eamphor under the

influence of treatmen%a.

Bkrubis (196éf‘r@parte& “thal niﬁragéa at the rate
of 14.3 gn. per sg. m. had. sigmifieantlv inereased the herbage
an& esgea%ial oil yielé of peypermiaﬁa ?ha,enm@nsitiea of

04l wae not affected.,

Effect of phaapharna

Burno and Saxger (1923) in ﬁieily found 14.75%
. phoophoric acid in lamengrasa agh and it was ealealated
A%hatvgagh ewb., of grass removed 345 gm. of phééphﬁrﬁs’fr@m

the soil.

Barnér (1938) got response to phosphatic ferti-
lizers, in plant&‘af,éhe-labigﬁas and compositae families
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other than Salvia officinalis and Artimisia gbsinthium., He

concluded that nanurial requizemenﬁé»ef each specie and

vgriety must be tested separabely.

Ewianichidze (1939) reported that superphosphate

inereased the percentage oil content in Mentha pipereta.

Maslennikov (1939} 4id not get any response in
geraniwn to phosphorus.
Mazzarvon {1940) showed that both mentha and thyme

L]

responded well %o phosphatic fertilizers.

Report of the investigations on essential oils in
Pucrtorico {1941) shows that phosphorus gives singnificantly
guperior yields of grass, oil and citral than control plots

in lemongrass.

Imtzenberger {1942} reported that phosphorus has a

particularly benefiecisl effect ﬁﬂxthﬁApepger mint plant.

powers {(1943) found that phosphorus btends to promote

blooming and early maturity of mint planta,

Scharatz and Wiemaan (1949) showed that addition of
phosphorus did not increase the essentiasl 6il content of

labistae.



' As reported by Guen%her (1949) Dejoie recommends
390 1b. of superphosphate per aere along with spent graaa
muleh for best raealﬁa in eitrenella grass.,

Brawn and %atthews (1951) reported that addition

of phosphorus %o lemongrass is essentlsl.

Joachin and Panditisckera (1953) reported that

phosphorus was important in manuring citronells.

Baird €1957) reported that phosphorus caused only
emall increases in herb and oil yield of peppermint on a
fine sandy loam soil in %aahington.

Davis gb a1 (1957) has indicahed the reSponse of

wint Ho phaspharua.

Steigerwald (1958) in his long term fortiliser
éxperiments with peppermint invminéral soils showed, that
fertilizers, other than nitrogen tended to &eeréaae the ‘0il
content which again wag more affected by weather than by
fertilizers.

| Sehroeder (1959) from hiz experiments on the influo=-
ence of nitrogen, phosphorus anﬂ potassium on yield and

volatile oil content of narjoram {origam vulgari) eauld not
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demonstrate any &efinite effeet of phoaphorua on volatile
eonxeat but the yielé of herhage was increaeeﬂ.

Singh et sl (1962) aﬂggests from their manurisl
experiments on Rosa \damasoena. Mill. that phosphioras should
be applied ia addition o nitrogen in the rose fields for
getting higher yields. |

. Annual progress report of L.G.R.S.,, Odakall
(1963-64) 4n the rosults of the combined analysis of the
yiéid date on £ertilizsr triel with lemongrass, stated that
the effect of phosphorus is highly'significant in grass yield,
0il yield and citral yield. The game station progress report
for (1964-65) atated that there is a slgaifxcant difference
in welght of Vetiver roote due to phoaphorus applieation, but
not on oll 31@1&,

Skrubis (1964) reported that phosphorus had no

effect on green matier and oll yield of pepperminﬁ-

shii et al (1964) reported that fértilizer‘experi.
ments withrcitrénsllé on lateritic red solls, showed that
the response of doudble super wan significan%shiAfter two
years with the annual application af 120 kg./ha. of phoaphsrus

there was ne reapense in the third year.



&ffect of potash

Hood (1917) showed that 1amongraos required wore
?otash thaa other grasses in Florida sandy solls. On analy-
‘sis 4t was found tﬁat 1000 1b. of grass déntain 33.2 1b. of
aoﬁash. -Batter grcwth was obtained when notaqh was applied
as’ sulmhata. | }
A Bruno g ~§,§l (1929) estimated 6.24% potash in lemon-
'grass. They estimated & removal of 153 gm. of potash from

. soll by each cwt. of grass,

. Beekley (1221) recommended 200 1b. of potassium
sulphate per acre per year for 1emungrqas along with ccmpost,

for sunerior yields.

Barner (1928) reperﬁea increased oil yield for

sg;vgaﬁgggieinalis and agtgmemga ahsgnggiga dne to’ actash
applicatien.

Bourne (1941) repeﬁtedithat a very marked res-
vpanee was abtaineé far 1emongrass due to potash application

on sandy sails.

Powers and Jones.{1942} in their trials on mint -
obtained maximum yield of hay with potasslum sulphate.

2
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Scharetz gt al (1949) reported that potash did not

increase the essential oil canteht of labiataé.

: euenbher {1949) recommended well robteﬁ stable
manure or commercial fertilizers containing high gereentaga

of potash for getting a good peppermint crop.

Brown gt al (1951) stated that beneficial effects
will be obtained if lemongrass is manured with potash when
%hé plant igs well esioblished,

Joschim and Pandittsekera (1953) reported that

petash is also lwportent in manuring eitronella.

Baird (1955) in his experiments on peppermint &t
Central Washington showed that potash had little effect on
" yields. |

Experiments conducted by Gomzalex and Alonso (1955)"
on nint, balm and fennel showed increased essential oll con-
tent with.petash'ﬁeficiensy._ ,

Davis, ILmeas and Shepherd (1966} reported improved
vigour of mint especizlly in spring of the first year due to
potash agplicwtion. Hay yields were well eorvelata@ywith
potash application.: |
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Baird (195?) r%pﬁrtad that potash h&é negligible .
| ~effeets on yield and oil of pepper mint,

~ Long %&rmifaxtilizer experiments of Steiger-wald
{1958) on peppermint revenled that there was no siganificant
effect on yield and o4l content by the application of potésh.

Latypov (1960) statod that potassium sulphate was
effective in increasing the oil pradﬁatian'ana alse improving
the ca&gasiﬁiea of o4l in»ginx.' ﬁhe inerease in oil gxaﬂux’
otion was upto 80%. o

Pour yearﬁ reémltsﬁpf»ﬁhﬂ fortilizer ex@erimsntl
‘at LaGeR.5., Odakali, Karsls 5@5 ?&?@&1&& that the effect
of potash 1s highly sigaificant with regard to grass and
0il yield iﬂ»lsﬁﬁagraas} Thers was no signifiaﬁat‘difﬁarance

in citral percentage dus o potash application.

Aaotharfaxperimaa%faa&ﬂueﬁe&<aﬁ the same station on |
lemongrass has chown significant increase in oil yield upto
125 1b. of pa%ash per dore (énn. ?ragress Regar@ of &.G.E.S.,
edakali 1963~64). | ‘

A manurial trial an*vetiv&x &b Ehe samne aﬁatign

aﬁeweé ﬁh&b ye&aeh haﬁ signifiaan§ly inereased the root
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yields of vetiver but not the oil yield. ' (4nn. Progress
Report of LaGeR.S., Odokall 1965-56).

 Skrabis (1964) reported that potash hed no effect
‘on green matter yield in the first harvest. But the essen~

$ial ail yiel&’was'inerease@.

shii et gl (1964) reported from the fertiliser
exporiments on citvonella in lateritie red soils, that

average response 0 po%aﬁh,waaas'te 19%,

- Effect of caleium ,
Burno et al (1923) estimated that each owt. of
lemongrass removed from the soil 389 gm. of lims. It is

“more than any other mojor nubrients removed from #hs sodl.

Report of Puertorico (Mayagaea) Agrl. Experiment
Station (1939) stated that inereased yield of grass and oil
wag obtained by the applieatieﬁ of Lime %é 1em9ngraasq

Bavie ok al (1957) recommended aaleznm end mage

nesinm along with other nutnienfs to mentha.

Atanarev (1961} whila s&uﬁying the effect of liming |
on yield and quality of 1aven&er oil reparted that in two

years test in brawn ‘meadow soils of pH 5.8 caleium carbide
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at the rate of 1500 kgi/ha., gave the highest favourable yield
jee., 23% abpve.een%rel; The- same treatment also increased
" lenanyl acetate content to io%. Under commercial copﬂiﬁi@n
the use of slakéd ;ime aloo haé given fhe seme résults. .

Cubting (1981) in his note on the production of
geranium stated that liming acid soils to raise the pH from
6.5 to 8 is desirable.

gerez&wa {1961) from his studies on the aevéloymEht
of essential oil content and environmental conditions in
pelargonium species reported that the essential oil content

pérrelled with the ealcium content.

Effect of niltrogen phosphorus, potash and celeium in combinstion:

Nitrogen and phosphorus .
Savitsky (1938) showsd that good yields of thyme
could be obtained by the uee of at least NP fertilisers.

| Kwinichidze and Rozanski (1939) found an increase

in percentage of oil $y the applieation of ammoniacal ferti-

1dzers with superphosphate, for Menths pipereta.
Haslennikov (1939) found that in podsol soils of

hunid subtropics geranium responded to phosphatic fertilizers
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only in the presence of nitrogen.

hutrsn and Poundard 28 quoted by Guenther (1949)
reeammenﬂed applieamian of nitrogen along with phsaphﬂric
acid far bigher oil yields in 1avander.

Hotin (1957) reported that nitrogen and phosphorie
‘acid applied during bud formation inereased ‘the menthol con- .
teat dn miat oil. |

Cutting (1961) reported that NP fertilizers may incre=
ase yiold and ail:éaaxent of goranium. But often the oil
quelity is reduced. | ”

Singh gt gl (1962) from hie manurisl experiments on
Rosa damascena racgmmanﬂed‘ﬂiﬁr&genﬁus and -phosphatic ferti-

lizers for higher yields.

- Pertilizer tricl on lemongrass, for four years at
TB,G.RQS., eaakéii, Kerala, showed that interaction of N x P
49 highly significant faz_gxgas:yié;d,lbut not for oil yield,
:cx.ei%ral~peresntage.£&ﬁn. Progress Report of BL.G.ReS., i
Odnkali 1963-64), |

S&rubiéi(f@ﬁé} reported that in peppermint the

essential oil of the 2nd harvest was incressed by *ND!
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fertilizers. The composition of the oil was not affected.

Nitrogen and potash _ . .
‘ Maslennikov (1939) found that in podsol soils of
humid subtropies geranium responded %o potash fertilizers

oaly in the §§eaaﬁge-of nitrogen.,

. Bourne (1941) fapgétaé‘th&% a@plicé$i0a~Q$ 200 1b.
of potassium chloride with 200 lb. of ammoniun sulphate per
agre gave the best yields of 1$mangra3a oil in.?leriﬁa
willon elder peat seils.

Reyart @f ‘the Puertorice atation (1941) stated that'\
combination of 199 1b, of ni%ragea and 199 1b. of pc%ash per
acre has given aignifiean%ly saperior graﬁs, 0il and citral

yields in lemangraas.

Yertilizer trials on lemnngraaa at &emengraas

Research Station. Gdakali fer four years shaweﬁ that the
interaction 'NK! was highly signifi@an* for grase yiela and
6il yield, but aa% for citral percentage in the oil. (Ann
Progress Reparﬁ of g.@.a.s., pdakall 1955-34). o

Skrubia (1964) renorteﬁ that 1a pepperaint essenw-
tial ail of th@ first harvaat was inereasa& by BK fertilizers.
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Phosphorus and potash .(‘ : ,

Ellde gt sl (1941) ragarteé that yleld ef’gapgermint
0il i» éiyaafly affeoted by fertilizera. A fertilizer mixture
having either one part of phosphorus to twe parts of potash
or egusl yarﬁa-af'pﬁ@%gharaa and potash are mosd effective.

Scharatz snd Vedmann (1649} reported that the
addition of phoephorus and potash ln combinsntion did not
increase the essential 0il content of Hentho pipereta.

 Skrubis (1964) showed that in peppermint ‘PR

interoction hed no @igﬁifieaaﬁ affect on yield.

#Eanurial %@i@l@*@n vetidlver ot iemangraas Research
Staktion, @ﬁakali.fram 1963~1368, inﬁieatsﬁ that ’?K' fore
“bilizers 20 1b. each per acre has givea the bigheryiel& of
vetiver roots. There was no significent difference in oil
yield due to 'PR' treatment, »

Another experimunt éﬁﬂﬁuctea-aﬁ the same station
‘on spaeing oum manurial Srial am»lemangéaaa chowed that
the intersctinn P x K hod significont effect on odl yileld.

(Ann. Progroas Beport of HeG.ReS., Odakali 1965-66).
%ffaatfaﬁ ﬁigragas and celoium

Report off the Inertorico Expseriment Statlon (19%1)
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shows that application of a mixture of 100 1lb. each of nitro-~
gen and calcium per acre has given significantly superior

yield of grass, 0ll and citral in lemongrass.

Bffect of potassium and calcium
: Powers snd Jones (1962) in their triesls on mint
obtained maximum yield of hay with potassium sulphate and

magnesium limestone.

Effect of aitfageh phosphorus and potash
Hood (1917} reported that in Florids sandy soils a
4-5-8 NPK mixture applied at the rate of 600 1lb./acre for

lemongrass gave the optimum results.

Russel (1919) approximately doubled the yield of
lemongrass oil by using 300 lb. of fertilizer mixture cone
taining 15 parts of acid phosphate, 4 parts of dry tobacco
gtem and 5 parts of sodium nitrate. i

Mazzaron (1937) found that Potash and phosphorus
with just enough of nitrogen should be used to ensure initial
growth in thyms oil plante.

Boshart (1938) reported that essential oile respond
1ittle or unfavourably to fertilizers as regards quality, but



this effect is offsat by an increased crop yield.

Javillier and Gaude (1938} obaerved a genaral in-

orease in yield of nlants produeing alkaleids, glacosides,
essentiasl oils and vi&amins by ‘the application of complete
f@rtilizem. The resulte showed that fertilisers generally
increased the yield bf’g?een matter than the proportion of
active principle.

Savitsky (1938) showed good response ia thyme to
NPH fertiligers., '

Mazzaron €19405 reparted'thax optimuﬁ yield and
quality of oil in mint can be obtained with the application
of & nitrate superphosphate mixture, with small proportions

of pntaeh-._

Report of the Puertorico Dxperiment Station (1941)
stated that a-ebmhinatien e£'100,15. eaeh.af nitrogen, phos-
phorus and potash has given significantly superior resulte
with regard. to grass, oil and eitral in lemongrass.

Ahamad gt 8l (1948) reported thet manuring on rich
soile produce thick stems in Rosha grass and reduce oil yield.

Weichmann (1948) reported that fertilizers increase
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yield of marjorsm and lemon oil, while only minor changes
were obtained with oils of thyme basil, terrigon, 4ill,

feanel, ete,

" Brown and Matthews (1951) recommended nitrogen,
yhgspharus and potash for lemongrass., An economie fertilizer
suggented was a 4-5-8 NPK mixture éx the rate of 600 1lb. per

acra,

Joachin and P_anait"tssekera. {1953) from their experi-
ments to sse the effect of orgonic and artificisl fertilizers »
on yield of citronells, found that monuring with a complete
fertilizer was most effective in increasing grase and oil
" yields. The incresse in grass yield was two to three times,

" and ol yield was nearly four times to that of unmanured
plots. Manuring had & bensficial effect on oil comtent,
optimum results being obtained with a complete fertiliaar,

_According to Burger (1957) higher yields in mint
" oould be obtained only with o generous aﬁgliaatian of manure
mized with 100 kg. of potash, 50 kg. of phosphorus and 100 kg.

of nitrogen per hectare.

Davis, Lucas and Shephsrd (1957) reported good



response in mint to fertilisers. 100 1b. each of phosphoric:
acid and potash plus 25 %o 50 1b. of nlirogen per acre was

recommended for mint grown in organic soile.

Steigerwald (1958) observed that fertilizing mint,
with 60 to 90 kg. of aitrogen, 80 to.120 kg. of phosphorus
and 129-1éé'kg.'of potash per heétare ingreaged the greeh,
matter ylelds by 58-80% and dry matter yields by 51 to 58%.

Bujko (1959) obtained higher root yields in Inuls
helenium when ¥PK mixture was applied. The percentage of

oil was also more when compared to unmanured plotar

 Schroeder (1959) could not £ind any definite effect
of fertilizers on valatile oil contenﬁ in marjeruﬁ. In pra-
ctical eultivation it was therefore ﬁeet fertilized to pro-
~ duce the maximum yield‘af herbage. The fertilizers normelly
recommended are nitrogen 80 to 100 kg. phosphorus 36 to 45 kg.'
and potash Golto 80 kg. per hsctare.

Steward (1960) conuluﬂed that.no one element is
extremely epecific in inereasing the praduetion of eil.
Complete fertilizers generally increase yield of green
nather. Within 1imita there is no relation between total
Growth of hay and oil yielﬁ, The role of fertilizers in
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the praduction of 0il ia wore ivexpliceble than in the pro-

duction of green or totel dry matter, .

Korezava (1961) reported that fortilizers had 1ittle
effect on 0il yield in Pelargonium. The Yield depends lare
gely on temperature, humidity and insolution.

| Lin and iiéh (1962) re§omﬁendé&»an éptimﬁm ééte
of 30‘kg. of ni§r059n‘15 kge éf phﬂsphoric acid aaﬁ 18 kg:
of pofaah per hectare in the fipst Yyear of planting and
60-20-20 kg. per hectare each of NPK mixture in the follow~ |

ing years, for citronella grass.

Gulati (1963) stated, the application of vomplete :
fertilizer to patchouli incressed the yield of leaves, bug
d1& not make any difference in oil conbent or quality of
oil. |

- Skrubis (1964) reported an inereased essential
0il yield infpepperminﬁ during the énd harvest, by the appli-
cation of NPK mixture. The composition of 0il was not

- affected,

Nitrogen phosphorus and calcium
" Report of Quertorico Experiment Station (1941}
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Staﬁed“thaﬁ a combination af'iab 1b. each per acre of aitro-
gen phésph&rua and calcium significantly increased the grass,

oil end citral yields in lemongrass.

Nitrogen, potash and eslcium -

| Reﬁorﬁfuﬂ'p&ertoriea'Expérﬁmaa% Station (1941)
stated that 2 combination of 100 lb. each per acre of Ritro-
gen, potash and calcium signifigantly'increasgévthe grass, -

oil and citral yielas in lemongrass.

| ﬂi‘tmgeﬁ,‘.phﬁsphomsg ‘potash'and caleiwm

o Report of Pusrtorice Experiment Station (19a1)
skaxéd that a qomb%nation bf’100 ib.‘eaéquer gere_of.hitroe.
gen, phosphorus, thaSh and ealcium significantly’igcrgaseg

the grass, oil and ¢itral yields in lemongrass.
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| MATERIALS AND METHODS e

Experiment ‘ . .

Ehe preaeat invastzgatian to datermine the affaeb'
of nitragen, phespharus. patasaiam an& aaleinm.aa yield aaé‘
quality of eitrotella éil. wag unﬁertaken during~19§5-66 ag
a etafisticalxy 1aid an% fﬁelﬁ experimenb. T

Experimental 3&%& : “

?ha inweﬁtigatians wara earried oax in the dry
lanﬂ area of ‘the farg attached to the &grieultaral Gallega
and Research Iaatibute. Vellayaai. The soil is red 1aam.
The meahanieal and ¢hemioal eharaeteriﬁtims of the soil ‘are
fPurnished ia &ppﬁnﬂix xI. | ‘

ﬁzeatmenta and layoub
“ There were 36 troatments in the trial comprising
of all poasible caﬁhi&&ti@nara£_3 levels each of Hi%rﬁgen‘

and Potash and 2 lavels"each.af’pkoséhnnus end caledum.

' Tevels 6fvfertiliae§é'
Nitrogen  Nox . Wo nitrogen
CORq 100 kg of nitragen/hactare
ﬁ"g o 200 kg o o

e Q,QLL“” & RESE

Ligrawy #4};;#



" Potash ' Kg No potash
Kq 100 kg. of potash/hectare
Ep 200 kg. " "
Caleium Co No caleium
¢, 1000 kg. of Ca (OH) 2 per hectare
Prespheows  Po Nephesplo Piitoetghosfbe

Preatment combinations are giwen along with the
plan of ezperimental layout.

Layout

The experiment was laid out as & 32t 22 sonfounded
factorial Randomised Block Design with two replications con-
fannﬁing NE 4n replieatian I end ﬁxz in replication 11. Plan
of the experimental layout is given in Pig. I

Details of plot |
. B : g Gress $ 4.4 M. X 4.05 m.
Plot size ! o S

- { Net $ 4.0 m. x 3.15 n.

- { Between plantst 40 cm.
' " { Between rowss 45 cn.

g Gross "3 99

Number of plants T
Het : 80

per plot
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Seed materisls and sowing _
Grops gxgggggggg,l gggggg.- Ranﬁle. lanalutu pengiri (Andro-
pogon nardus Ceylon de Jong) :

Orders Glumiforae

Familys Gramminae

:Y stoloniferona grass 1.5 m, te 2.1 m. high - and
coplously tillering. Leaves are narrow with conspicuous
. mid-rid and, filiform apex 2nd aromatic. Panicle is effuse
with,zigzag branches, diwarieaté bracts small spikelets and
les: aevelbped awng. Qlaht is rbbust.ana grown in orﬁiﬁazg :
soils. Bulk of the Ceylon citronella oil and a portion:ot
the Java ecitronelln 0l 1s derdved from thils..

Seed materialé
~ Uniform stools, of fully grown healthy plants,
obtained from 1emoqgrasstaesearéh Station, Odakali, we;e

used for planting.

Honures and fertilizers |
Gattle manures The analysis of cat*le manure used for basel

dressing is given belows-

Eitrogen‘(tétal) eo - 0.64%



- B8 -

Phosphoric acid oo 0.32%

‘Potash * Cee 0.47%

Calcium : .. 0.53%
' Pertilizers

1. Nitrogen was applied in the form of smmonium .

sulphate, ana2lysing 20.2% N.

2, Phosphoric scid was applied in the form of

superphosphate analysing 16.31% P50g.

3. Potash was applied in the form of muriate of

potash anslysing 58.24% Kq0.

4, Galcium was applied in the form of glaked
lime (Ca(OH)2) analysing 54.8% Cal.

Cultivation
Wursery
Stools were planted in well prepared nursery beds
’ énd the young sprouted plants thus obtained were used for
the ex@eriménx. Raised nursery beds 14 m. x 4 m. size were
prepared without manuring. Slips were planted on 476.1965.
ot o distance of 8 to 10 em. both ways. Shadé was provided ove

the nursery and beds were regularly'irrigated.
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‘Experimental plots
(a) Preparation of land
The land wae ploughed twice and weeds removed. Then
dug to & depth of 10" and levelled. Main bunds to separate
blocks and secondary bunde to demarkahe plote were made,

aoeerding to the layout plan.

(b)'Appliqation of manures and fertilizers
' Cattle menurc was applied pfior'to digeing of plots
at the rate of 5, 000 kg per hectare, and 1neorparated with
the sail, by digging,

Eime'was'applied 15 days before the application of

cattle manure snd incorporated with the soil.

Pull dose of superphosphﬁte and half dose each of
’ammonium sulphate and muziate‘of potash was applied as basel
dressing prior to planting. ?hg'balanea of ammonium sule
phate and muriate of potash were applied after tirs% weed-
ing given fofty days after planting@- The plots were raked
after fertilizer applieationg:' |

(¢) Planting
| Young sprouted stools with uniform growth and

vigour were selected from the nursery, for transplanting
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$o the main plots. Young plants were planted at a distance
of 45 cm. x 40 cm. with only a single plant in a hole 10 to
12 om. deep. Dutte and Virmeai (1964) recommended 40 to 45
em. spacing for Ceylon citronella grass. The planting was

carried out on 2-7-1965.

(d) Irrigation
During the firet 3 weeks after planting the plots
warc uniformly irrigated during dry weather. -

(e) After cultivation ' |
1; Gapfillings Two weeks after plantiﬁg,gaps were
£illed and the number of plants in 211 the plots wére}maée
. equal. .

) 2, Weeding: Two hand weedings were carried out
during the course of investigations, one forty days after
plenting and the other ninety days after planting. |

3. Harvestings The crop was harvested twiee | ‘
during the course éf 1nvestigation. The firat harvest wag
done 90 aayﬁ after planting that is on 2—10~1965 and the
| pecond oA 2@-11-1965 (45 days after the firat harvest).
Harvesting citronella grass at the sbove intervals was fonnd
to be nptimum under Eerala eenﬁitioas (Fillay 1960). Tne

grass was cut 8 to 10 om. 2bove grounﬁ level and fresh
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weight of grass recorded separately from aaeh plo%. %he

border was cub anﬁ remaved aepaxately.

Obeervations made and characters studled - -
1. Kﬁﬁgﬁaﬁ of plants

Haigh of plants £rom ground lewel to top mnst epen
leaf was reeag@e@ in om. prior to 1et harvest.

2. Number of functloning leaves
Number of leaves an’khé mzin tiller from 10 jlants
gelected at random from esch plot wére recorded prior to .

havvest,

3. Humber of tillers
Humber of illers have been recorded from 10 elumps

| saleete& at. pandom from oach plot, pxiar’ta‘harvesﬁ.

4, Fresh weight of grass
Green weight ef grass so0n aftex hmrvea% wag

recorded, fram.aml %ha plabﬁ segarately,

5, 011 yiela | _ .

- Bnring the first harvest the oil yiald ‘was esei~
mated in the 1sboratory by steam distilletion. 1 kg. sample
of gress grom each'experimentailplaé wﬁs.disﬁilied,a24 hours
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after harvest. Meantime better facilities for distillation
was acquired. Hence during second harvest samples weighing
3 kg. each were distilled in bigger water ahd steam disti-
ilation units. The grass was cut into small bits before
distillation for easy, and quick recovery of oil, Each
charge was distilled for & paribd of 2% hours after the
fipst distillate came out through the condenser.

6. Percentage recovery of oil

| " The volume of oil in'Mlq‘recoveréd\from a certain
weight of grass used in distillation was reduced to volume/
weight rétio and was later expreased in perceatage, for

tabulation of data.

7. Quality of oil

’ Gemposite'samples of oils were analysed to deter-
mine the total aleohols, by aeetylaﬁién. The 0il is acétg-
'1ised &ith.aceticaéahydride and the ester content of the
resulting 0il was determined. From this the percentage of
sloohol ih the original oil was calculated .,



RESULTS

4 Results of field experiments condueted‘tb study the
effeats of different doses of fertilizers on yield end quality -
of citronella oil are presented in the following pagesd,

Height of plents

Obgervations on the height of planzs were recorﬁed
90 dsys after planting and the data have been statiabically
| analysed. ’mhe analyais of varience table 1s\given in Appendix I
It is seen that only the effects of nitrogen and caloium dre |
eignifjocant in increasing the héigh£ of planis.

The mean height of plants corresponding to the
levels of nutrients ﬁ}ir, K and Ca are preaeﬁxéd in Table No.I(a
Table No. I(b) gives the mean heights of pléaté ccrbespénding
to the treatment combinstions. -

TABLE NO. I{a)

Hean hei ht of plants in onm. eorresponéinﬁ to different levels
nitragzu, phasyhorus, potashua calcium

Levela Nitrogen Ehosphorus ?otash" Caleium

o 79.33 80.82 80.25  80.29
1 83.94 - 83.75 83.84 - 84.24

P © 83.56 C ee 82,89 -—

€.D.(0.05) 3.95 - 3.26 3:95 .26
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Nitrogen showed a éiénifieanﬁ inctaasevin the haigﬁﬁ'
of planxs‘uptb ﬁq level (100 kg.‘per-hectarg)~ana afterwards B
there 1s & slight reduction in height indiceting thet the
“optimum level 1s around Ny level. Effect of calcium was 8ls30 |
found to be significent in increasing the height of plents.

| In the case af-phasphbrusia peaiti&a response is
notieed even thongh 1t is natjatatiatiqally.siguifioant. In
the osse of potash aleo a positive response islnoticed u@to
Ky level (100 kg./ha.) and afterwards a slight reduction in
height. The increase racorded has failed %0 show aignificanea.

TABLE X(b)

&aan.height of plante in ¢m. correaponﬁing to different treate
. ment eombinatian

Ho N9 L5

®o B -2 T /s M Po 4
Ky =~ 65.75  78.35 80.25  75.20 79.70 88410
a0 Ky 78.15  B2.55 83,85  85.20 75.15 B86.65
o Ky 73,40  80.20 B2.65  86.45 77.95 85.35
Ky 79.50  80.50 86,05 79,30 87.40 82.85 .
Oy K, 7,00  89.35 80.65 88,90 91,75 86.85
Ky 87.10 . 80.45 88,25 90445 79.85 80.55

0.0, (0.08) 13.729

It 1o scen that the minimum height is recorded by
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the canxrol plu% and'maximmm by ghe ﬁxeaﬁm&nk No, Kg, Gag.vf'?l
Pg 1.0. 65.75 on. asd 91.75 em. reﬁpeabively. ,

Humber of 1&&?93 per main tillar _

Eata an the nugber of leam@s per main tiller recor-
ﬁa& 90 ﬁays'aftep planting have been statistically anslysed.
Phe anslysis of vgbgaaee table s givea in Appendix II. It
is seen that none of the main effects or interactions are '
sﬁaxistiealig significent in increasing the pumbes of leaves
per plante. N | ’ I

Qhé méah number 6f“leaves corresponding to the
levels ‘of nutrients N, P, K and Ca are presente@ ia Pable II{a)
and mean number of leaves earreapanﬁing to the treétmant/éom-_?
binations are presenhed in Table II (b). ‘

 pABILE 1X(e)

Mean number of leaves per plant ﬁerrespendiag Yo dixferang .
levels of altroges, phosphorus, potash and calodum °

" Levels  Nitrogen Phoaphams Botash G&leium

o 5.05 T8.07 5,00 5.05
1 5.11 5.08 5.1 513
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TABLE II(b)

Mean number of leavea per plant cerregponﬂing to different
treatment eambinabiena ,

| Ky 4.80 5,15 4,80 4,65 " 5.05 4.85

Oay Ky B.05 5,85  5.15 5.10° 4.85 5.00

. Ky 480 5.20  5.20 '5.25 5.05 5:55
Kg 5.05 5.00  5.35 4.80 5.60 4.95

Caq Ky  4.81 4,45 8,20 . 5.15  5.05 s,ao

- Ky 5.05 4.90  5.40 5.20  5.00 5.00

Bven thqugh none of‘thé effects of nutrients a;d
éﬁair interactions ére statistically sigairicant in increas-
ing the number of leaves per tillef it 4s observed thet the
interactione ﬂfﬁ P, Px K and P x Ca tend to inecrease the

aumber ef leaves per plant. -

ﬁumber-of tillers _

| " The data on the number of tillera, recorded 90 days
after planting was statisticslly analysed. The snalyeis of
‘yariasnce table ‘is given in Appen&ixlziz. it is Beén that
nitrogen, phosphorus and potash éignifieantly increase the
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number of tillers. The effect of caleium is =zlso positive
even though it is not found to be statistically significant.

Interactions » x K and P x E x Ca were found %o be significant.

The mean nnmbervof'tillere corresponding to the .
levels of nutrients N, P, K and Ca are given in-Table III (a).
‘Teble III(b) gives the mean number of tillers corresponding -

to the btreatment combinations.

PABLE III(a)

Mean number of tillers éér Qlant”eorresﬁonﬂiag fo ﬁifférent
levels of nitrogen, phosphorns, potash and ealcium.

TLevels Nitrogen  Phosphorus Potash ~Oalcium
o 44.20 150,96 49,60  52.15
| 55.89 56,19 55,75  55.00
2 60,64 == | 55.39 =
C.D. - (0.05) 2.4z 3.61 4.42  3.61

Hunber of tiliéra increases steadily with levels
of K and P, Yor the fachor K thérahis increase ﬁgto 4
1evel beyond which fﬁerelis a'SIight.rédndtioﬁ, indicating |
that the optimum level 1s aréund’K1; The effeﬁt of caloium
is to increase the mumber of tillers even tnaagﬁ'the increase

recorded has failed to show éignifiaanee,
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TABLE III (b)

Mean aumber of tillers per plant as asiecte@ by ditferent
treatment eombinﬁhion&
Mo Ng
LA Py B, Py .PO ?y
Ky 31.60 44,30 44.50 54.70 5%7.00 62.40
Ko 50.50  43.80 52.75 52.30 87,50 58,00
Ep 51,10 37.50 48,60 653.45 55. 75 54.30
Cag X1 36.95  47.056 55.70 55.55 51.95 72,05
Kz 52,00 55.55 45.90 59.85 62.85 63.65
= 150598

.7t {0.08)

1% can be seen that the intersetion P x K s

negative in the absence of

presence of caleium.

calgium and positive in the

The moximum number of tillers have

been reeorﬁe& by the treatment W2 Hq1 COsq Py followed by

Hp ¥1 Cag Pq (72,05 and 68.05 respectively).

The control

plot has recorded the minimum number of 31.6 tillers per

clump.
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Grass yield

The data on the fresh weight of grase recorded at

~ the time of harvests hﬂva been statistieally aaalvsaﬁ.

Phe |

analysis of varianae &able is given in Appendix IV and Ve

It is seen that ﬁ.,K, Ca, anﬁ intersctions ¥ x K end £ x Ca

are gtatistically significent in increasing grass yield,

during the first harvest. During second harvest the effect

of ¥ end interaction; ¥ x K are found to be significant.

' QOaleium has eleo shown 8 positive response even though it

is not statistieally significant.

The mean yield of géass per plo%-eﬁrreﬁpeﬂﬁing to

the levels of matrients N, ?, K and Ca are given in Table IV(a),

and V{a) and thoss corresponding to the treatmeant combinations

are given in tables IV (b) and ¥ (b).
| TABLE IV (A)

Hean yield of grasa per plot in kg, carreapendmg %o different

levels of aitrogen, phosphorus, petash,anﬁ caloiun

{Piret Harvest)}.

Zavels | ﬁiﬁregen ‘jﬁhoaﬁhorue Potash Caledium
0 . 5.26 . 5.93 5.7 5.85
| 6.18 6.4 6.06 6423
2 6.67 o~ e -
0431

€.D. (0.05) - 0.36  0.31 . 0.36
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lTha'mean'yield of grass increases steadily with
inerense in level of nitrogen and ecaleium.e In the case of
'gotashAthefe is a tendency to inereage grass yiel& due ﬁo‘
the inoresse in lavels of pata&h but a- aignifieanb aafferenees
in mean yield is mcticea onlv hetween Q level and 2 l@vel.
The effect of caleium ia also to dnerease the mesn yiela of
grass even though the difference is not significant.

TABLT IV (b)

Hean yield of grass in kg. per plot corresponding to d¢f£erant'
_ treatment combinations ‘

(Pirat harvest)

N, oy fig
By Py  §6 7y Po. 34
Ko 3.84 4.65 4.92  5.98 6,02 6,52
Cep K4 4.90 5.27 5,70 6.65 6.00  5.90
K2 6.20 6,12 5.95  5.92 B.06  6.62
KQ 5055 A 409‘ _ 60912 6.36 - 6495 7:14:
Caq Kq 5.00 5,00 715 7.67 6.22  7.25
o 6,02  5.95 5,87 - 5.80 6.50° 6491

{3’;@‘, €0¢°5) = 1.284
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The treatment Ng Ep Cap Py has recorded the maximum
grass yleld of 2,05 kg. as against 2.84 in the control plot,

TABLE V (b) -
Mean yleld of grass yef4plot in kg; corresponding to different

levels of Nitrogen, phosphorus, potasium and calcium

(Second harvest)

Levels It trogen Phosphorus  Potash - Calelum
9.18 12,54 12.26  12.57
13,98 13.76 13.59 18.74
2 16.29 - 13.60 -
€.0. (0.08) . 1.7 1,40 1.71 1.40

It i& seen that the méan.yield of grass increases
significantly with levels of nitrogen. In thefcgée 6f |
phosphenas anﬁ‘calglum there is a tendency to increase the
grass yields, but the increase is not significent. In thé.
" case of potash alsé there 1is a tendeney to increase grasé
" yleld npto Ny Ievei but:the difference between N3 and Ng
levels 18 neglegibiex |



éaam v (b)

Mean yial& of grasa per gl@t in kg. aerrasponding to differant

treatment aembinabions _

(Saaand ha;v@st)

‘ ?e ' ‘P?l. ' _FQ Pl‘ Py ' ?l
Ko 5,86 . 6,80  18.16 14,00  15.45 16,80
Cag Ky ©.45 8490 14.50 12,85 12,86 14.75
Ky 10.35 8.25 9.55 11,66  18.85 11.95
Ko 10.80 7.38  11.16  17.20  11.85 17.00
Cay Xy 8.90 10,25 17.45 21,10 13,00 18.55
o 4352 10.85 12,70 12.50  12.00 18,25 15.65

ﬁ.D. (0.65} =

§.80

During esecond harvest alse the treatment g Kp Cag

Pp has given the maximum average yield of 18.86 kg. as ogetast
5.85 kg. 1n the conrtrol pot.

011 yleld

Data on yield of oil per plot recorded afiér each
'ﬁarvest.ana distillation have beon statistically analysed.
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‘The anzlysis of variance table 18 glven in Appendix VI and
viI, o |

The aﬂalysie of variance table shows that T, F and
1ntaractian NxK significantly increases the ail yielad
unring first.harveat, ang during “nd harvest N, %y N X K
and K x € were found to be glgnificant., The effect of Ca

‘15 also found to be positive during both the harvests even o

though;it faileﬂ to show significance.

The mean yieid of cil per plot éaﬁrespon&ing to.
the levels 6f nutrients N, Py K and Ce are given in tables
VI (a) aﬂd VII (a) an&'thoee’eérreSponding to tgeétmeﬁtst
combinations are given in tables VI:.(b) snd VII(b).

TA@LE'VI (a)

Mean yield of oil in mi. per plot corIESpending to different
1evals of nitrogen, glagphorus, potash and
caleium

(First harvest)

Isvels Hitrogen Phosphorus Potash Calcium
(o S 44.06 49,587  47.70 48,99
1 © B1.75 51.53 50,93 52,11
2 55,83 - 53.08 ==

T C.D. (0.08)  4.52  8.71  4.52  3.71
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: \
It 15 scen that mean yialdfef ai1 ineéeasea-steadily
with levels of nit&agaé an§ patash. Batween levels of
ni trogen significanﬁ difference is noticed betwéen 0 and 1
levels and 0 and 2 levals‘ - Bven though th@ aiff@renca_ie
pcaitiva between 1 and 2 levels it failed to snaw sigmifieanee.
In the case of potassium the ail yielﬁ increases steadily with
tue levels of fartilissra, but 2 sienificant difference s
Qobtained only b@twean O and 2 levels, A§piieation af’pbasu‘
phorus and ealciam has shown a hendeney to increase the oil
yield. BN ' ’

TABIE VI ()

¥eon yleld of aix in mil. gar'plet correspouding to ﬁifferent
treatment combinations

(first harvest)

5 &y - H
N N N

o 3850 38.50  43.00  48.25  60.75  55.75
Cag Ky 46,95 45.80  47.75 56,00  45.00 47.25
| Kg 48.00 50.25 . 49.85 6100 60.35  57.00
Ko 44.50 41.25  49.35 52,00 57.25 5B.25
Gay Ky 41.75 41,75 61.00  66.00 80,75 62.25
| Kp 49.75 B0.75  49.25  49.25  06.60 57.50

 G,D. (0.05) = 15.678
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The tables show that the maximﬁh average yield of
coll is recorded by the treatment Ny K3 Cay ?1 and minimum
by the treatment No Ky Gap Po (control) 1.e, 66.0 ml and
28.5 ml respectively per plot.,i"

 PABIE VII(a)

Mean yield of oll in ml. per plot corresponding to different
levels of nitrogen, phosphorus, potash and calcium

{Second harvest)

Levals Ritrogen ‘Phosphorus Potash Calcium
0 29,39 88.70 34,45 88,17
4570 42,03  43.80  42.28

45¢99 hatad 42,37 -
C.D. (0.05) 6.01 4,93 6.01 4,93

In the case of nitrogen the yield of oil increases
anly_upto Nl\lavel and the difference betweenAﬁl and Ho
lovels is negligible, In thé_c&se of éotash a steady in-
croase 15 noticed upto Ky level and then a siight reduction.
In the case of ¥ and K the difference between O and 1, and

¢ and 2 levels are significant.



Phusgherus and caleium have also givem 1nereaw@d
| mean yieid of oll but the inereasea arg not. statistically
significant,

PABLE VIT (b)

Mean yield of oll in ml./plot corresponding %o different
treatment combinations

{(Second harvest)

Kp 14.40 21.00 41,00  49.76  47.25 42,00
Cap Ky 32.80 28.80 55,40  41.00  84.00 éz.sa"‘
Kg 81,76 37.20 852,96 92,40  66.25  64.75
Ko 18.50 26,35  52.556 - 99.50  36.50 51.15
Cay XKy 52.00 41.10 63.45 - 77.40  B81.75 65,25
Kg 40,20 80.25  46.25 985,40 . 53.76  46.75

CoDs (0.05) 20.972

BPuring seeesné harvest alse the maximum average yield
ef oll waé recorded Ly the treatment N1 Xy Cay P3 and minimum
by No Ko Cag Pm e 77.4 ml, 2nd 14.4 ml. res;aeetively per
plot, '
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Percentage recovery of oil

The aata on percentage recovery of oil recorded
&fter each harveet and distillatiaa has been statistically
analysad. The analysis of varience tables are given in |
Appenaix VIII end IX.

 The analysis of variance tableé show that only
. the effects of 1ntaractians B x K, K x Cay N x X x Ca,
P x X x Ca, have Eignifie&ntly 1nf1ueﬁeea the yercentaoe
recovery of oll during first harvest, Dufing second

-

harvest the main effeeté N, X snd interactions N x K énd
KN x P have signifieantly affected the percentage recavery
of oil. ‘

‘The mean gércentage recovery oi‘si; ger'plot
corresponding to levels of nutriegts.ﬁ, Py K and Ca ére
“glven in tablas vliz éa) and IX (a)iand thasé cerrésponding
to thev¥raétmant combinations are given in tébles ViiI ‘(b)
and IX (b). | | |
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TABLE VIII (a) )

Mean pe:centége racovery of o¢ll per plot corrésponding to

different levels of nitrdgen,ithSpharue, potash and cal-
’ clum :

(first harvest).

'A Levels Nitrogen ?naaph@rua Pétash Caleiui
0 . 0.840 0.838 - 0.885  0.8839
1 . 0.836 . 0.839 - 0.844 0.838
2 0.834° - == . 0,838 ' ==

C.Ds (0.05) 0.093 0,075 0.098 0.075

- It is seen that none of the effacts are'significant.
- TABIE VIII (b)

Hean percentage recovery of oil per plot corresponding to
- different treatment combinations.

(first harvest)

Mo iy Ng
Po g ] Po ' Py Pp Py

Ko 0,876 0.830 0,860 0.810 0.845 0,885
Cag Ky 0.880 0.860  0.850 0.845 0,720  0.805

Ky 0,790 0,825 0.820° ©.830 0.845 0.865

Ko 0.830 0.835  0.806 0.830 0.835 0,816
Cay K3 0.840 0.850 0.850 0.840 0.816 0.860

Ky 0.830  0.860 0.840 0.850 0.865 0.835

C.D. (0.08) = 0,032

/
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TABLE IX (a)

Mean percentage recovery of oll per plot corresponding to
different levels of nitrogen, phosphorus, potash
and caleium

(Seccnd harvest) .

!

Levels Nitrogen Phosphorus Potash Caleium
0 - 0.322  0.210 T 0.288 0.313
0.327 0.311 0.325  0.310

CoDe (0.05) 0.026 0.017 0,026 0,017

t

) In the case of nitrogen there 1s no significant

difference between O and 1 levels. But between O and 2

and 1 and 2 levels there ic significent difference. A
significant reduction in oil yield due to the application
of Eed'kg. of N per hectare cén be noticed. In the case
of potashthere is 2 significant increase in percentage
recovery of oil. A steady increase 1s noticed upto ky
level end then there is a slight reduction, PHOSphorﬁs

and caleium do not seem t0 haﬁe any influence on percentage

- recovery of oil.
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TABLE IX (b)

Mezn percentage recovery of oil per plot gorresponding to
different treatment comblnations

| " (Second harvest)

N, EN Ny
Pq Py Py P P Py
Ko 0.265 0,315 0.320 0,345 - 0.210  0.255
Cao Ky 0,360 0.325  0.350 ©0.380  0.285 - 0.215
" K 0.207 0.350 0.390 0.285  0.305  0.300.
Ko 04180 0,830  0.295 0.230 - 0.305 0.205
Cay Ky 0.350 0,405 0.375 ©.365 ~ 0.250  0.300

Kg 0,325 0.376  0.240 0.305  0.285 0,300

- €aDe €0.05) = 0.095

The interactions N and K and § x P are significant.
Alcphol éefaentage | o |

‘Composite samples of the oil obtained from two
harvests have been analysed to éa?ermine tha\tetél alcohol
‘content. The dats have been statistically snalysed and
the anelysis of variance table iz glven in Appendix X.
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"It is seen that nitrogen significantly influences the
aleohol percentage. | -

The mean ﬁereentaga,of alcohol in the oll corres=-
‘ponding'tc N, P,.Kfand Ca are presented in table X (a),
The mean percentage of alcohol corresponding to the

,treatment‘combinaticns'are prQSEntéa in table X (b).

TABLE X (a)

‘Mean percentsge of alcochol corresponding to dlfferent levels
of nltrogen, phosphorus, potash and calecium

Levels Nitrogen - Phos?horus Potash  Calcium
o 56.00 55,40 . 55,44 55,60
56.07 55.93 55.76 '55.73

2 5406 . == BBJST ==

Nitrogen upto Ny level (100 kg/heétéra) showed 6n1y

a slight reduction in alcohol content of the oll. But at
Hg level there was o significant reduction in the percentage

. of alecchol im the oil. Other nutrients ‘phosphorus, potash
and caleium' did not affect the quality of oll significantly.
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TABﬁE X (b)

Mean percentage of azleohol correSpcnding to different treate
ment combinations -

Ro N ‘ , Ng

o Py Po Py Po Pq
Ko 55.60 56.10 . 54,70 55.80 55.40 54.75
Cag Ky 56,95 56.30 56.75 56.80 53,75 54.50
Kp 56.45 57.65 55.50 56,80 52,35 54.30
| Ko 56.65 55,10 55;?5 55.90 56.25 55.20
Cay Ky 54.10  66.85 55,00 57.75 56,00 55,25
Ry 57.05 56.05 55,90 56,75 58,80 65.66

| Maximum elcohol percentage 18 recorded in the
treatment Nj ﬁl Cay ?i i.e. 57.75 &8 agalnst & minimum

of 52.75 in the treatment Ng Kj cao Pé. The interactions
do not differ significantly with regard to the percentage
of alcohol. |
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DISCUSSION -~ = e

Citronella oil as a source of perfumery 1solates
1like geraniol and citrenellal has created a vast demand in
'soap and perfumery industry in Indla. The demand of the oil
15 increasing every year ‘and the requirement of the oil is
being met by imports from outside. This has glven sufficient
impetus- in India to start citronella cultivation on large |
'scale, Informatioa regarding the’ cultural&manurial require-
ments of ' this crop_is:inadequate ‘and no ystematie work has ,

 ‘been reported in-India'. -

 The results of the presen 1nve3tigations to ’
’ffstudy the effect of fertilisers on growth, and yield of
citronella grass and quality of its oll are diseussed in
the follow;ng pag§$, | |

Holght of plants . ) ;

Results presented in table I shows that nitrogen
.,aad calcium significantly. increasa the: height cf plants.
The 200 kg. level "aeorded a very slight decrease in helght

* than the 100 kg. level indicaﬁing that the 0ptimum level is
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‘below 200 kg. and around 100 kg. per hectare. Plant height
is an important growth index, :With;n'genétical limits, 1t
is influenced by envifbnment. In éeneral nitrogen 18 the -
most 1mportant nutrient which infineneces plant height, The
height responses raported in this work are in consonance
with the rapcrts_offother workers on essential oil crogs.
Guenther‘(lQQQ)'Shii and Young (1964) have repofted high
,response of cltronella grass to nitrogenous fertilisers with
regard to height and other growth charaeteristics. Povers
(1947) in peppermint an&»suenther (1949) in'peppermint and
lavender, have alsc recorded significant inerease in -

_height due to nitrogenous fertilisers.

The signifieant increase iu height due to lime
apaliCaﬁléﬂ appears to be due to ths importaace of calcium
ag an essential elemént for the growth of meristems and for"
the proper growth ana functioning of root-tips, & good
calcium supply is also considered to be helpful in neutra-
- lsing badueffects in the soil (Russel] 1962) .

"ﬂnusual height'of pianﬁ 1s not a desirable _
. character as far as citrcnella is considered. Increase in

helght of citronella grass is malnly due to the elongation

Es
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‘of culm, Inerease in ﬁ@iéht dﬁe té‘eiaﬁgéiisn af’fh@'culm
is unfavourable fbtieil yieid. The pereantage of oil ‘con-
tent in the grase stem, 1s au’y 15 te ?0? of ‘the content
iof the leaves (&ueaﬁhar 1949).'

. ‘Number of leaves per tiller

_ The reéﬁlts presented in tahle‘ix 3h§wa that.
- none of the treatm@ats hes inflnenced the preﬁuctian of
:1aaves, gignifieantly. ﬁewever, thoagh not significant,
it is seeﬂ that the interactions K x Py K % P and Gax P
‘snew a gasitive 1mflaenc@ on the number of 1eaves greduced
per tiller. From Table IT (a) it qan ba,sean that the
average nunber of leaves per aiaht is 1@&5 in the Zero
level treatment im all the nutriemta tried. But the
ingrease in the aver&ge numb@r of 1eavea is anly sligbt
at 100 kg. level. From thig 1t wiil sppesr that the
?entilisers did not influence leaf farmatien narkedly.

e —'_‘"‘u

Thls may be partially true.~

%umher of tillers

~

Besults glvan in Tanla IIT show uh&% fertilisers
hava a marked influence in the praﬂueﬁion of tillers. The



nutrignté nigrageq, phosphorue end potash sigﬁificaﬂtly
infiaénees the praﬁﬁeéian'cf,tiilarﬁ, Pable II1 ta)'shaws
thah thé influencas of ﬁ, P and K is positive, i?he effect
of céleiﬁm is alse ppsitiya even though it is not signi-
ficant. |

Hitrogen has shown a steady increase iﬁ the
number of tillers upto 200 kg. level (Table IIX a). The
maximum average numbsy of tillers, among the various levels

of nutrients tried in noticéd in the 200 ke. level of

. ni&reg%n@ Thus aitrégga hasg a.pbsitivé inflinence on tiller

formetion, Pakashi gt al (1956) reported that nitrogen
abgarptian‘hy rice plant plays a significant role in the ‘
production of $illers. Nalr end Nailr (1864) observed
profuee branching in wint dus to nitrag@n application. h
The scil under invastigatiQQ'ié'paar ﬁﬁ’aitxﬁgén and tha‘
crop responded elgnificently by profuse tillering due to
the application of nitrogen. ‘

- Besults in Teble tII (a) show a sa@aay‘;ﬂér@agé ‘
in tillering upto Ky level and afterwards slight reduction.
:'Zt‘is well known that grasseaznéedva-fairlyﬁgébé supply of
l@ﬂt&ﬁh for higher yields Drake et al (1953) stated that
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' grass roots wiﬁh‘a lower catiaﬁ~éxehaag@ eagaeity tend
:‘te favour absa:pﬁian of manavalent cations sﬁeh as pﬁt&ﬂ&iﬂw
 oné grasses Wil r@spend &0 patassium at 1awer rates af

aaﬁlieatiﬁn.

' Phosphiorus has also glven a significant positive
éaspense.f The zbove result is in canfirmity witﬁ the '
findings in the exg%riment& with lemangraas ag tha lem@n
grass Reseaych Station, Odakeli (&nn. ragress ﬁepart
© 1962-63). - The ebove respense to phosphorus obtalned in-
this investigation may be &ua tétthﬁ influence of phos-
phorus in the eell diviaisﬁ§tdeveie§mant of meristamatic

tissues,

Tillers are lateral shoots eemzag £rom axiliéry
buds at the nodes of grass plants, The extent of tillering
ie one of the factors whieh affeet tha‘yiélé of crepa\
belonging to the gr&ss family. Guenther (1@49) stated that
prcfuse tillariag is a eharaeteristie af aitraaella grass.
under favourable soll e@mﬁitiens. The re&ﬂlta of the
‘.gresant 1nvestigatian 5h9u that the three major nutrients
7 ﬁ, P ana E have a sigﬁifieant §asitive influeaea in the
Apradﬁeti@n of tilleru in eitranalla grass, ﬂnﬁer 1oamy

soll conditions of Vellayani whara the sail 1$ pooT.
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Grase yleld

‘Resulte presented in tables IV snd V, chow that
the effect of N and intarackiah‘ﬁ x Ky increases the grass
~ ¥ield in both harvests. The effects of K, Ca and X x Ca
were found to be sighifieauﬁ‘sngy during first harvest.

The first item of interest 4s a steedy increase
in ghaﬁa yield up to Up level of nitrogen (Tables IV a and
Va). Itis fairly well esﬁahiiﬁ&eﬁ_iﬁ many erop planké'
‘that niﬁrag@ﬂ'incr@as@s the green matter yleld (Bussel
1962). Steady resgaﬁse to nitrogen is due to the low

nitrogen status in the soil., 4 general inerease in green
'4§étter yleld of essential oil yislding crops hes been
obtained éue.ta_ni%régén agplic&tieé in experiments gﬁ
lemongrass at Agricultural Ezgeriment Staﬁiaﬁ, ?@@rtqg&ﬁé-
}ﬁe:},ae& as stated by Guenther (1949) and Iin and Lian (1982) |
cn cltronells grasé, Baiyd 41956} and thigg Wald (1988)
in peppernint have ‘slso observed the same relationshlp

of nitrogen.

‘ This high influence of nitrogen may be due to.
the iﬁéraa&e& preduétien of pratéing’ Cansaqpently the
leaf size also will be lncreased, resulting in the synthesis

of more carbohydrates. : x -



The interactional effect of N x K is in conformity
with the findings of Maslennilkov (1932}, experiments en
lemongrass in Puertorico reporéed 1nv1§élAanﬁ-that éxpe&i&aas
 conducted at Odakell (1959-1963). This interactionsl effect
may be due to the utiiizati@n of more potash in the presence
of nitrogen. o |

Abundant supply of potassium ceuses other nutrients
especially nitrogen to be defieient in soll due to rapid
absorption (Bussel (1962), This may be the reason for the
fallure of potassiup to show significant response during
second harvest vhen probably other nutrients would have bee
come 1imi%£ing. The interactional effect of X x Ca can be
attributed to the xneraaaeﬂ avallability of potash in soils
with a high saturation of calcium in the exchenge complex.

The iéek of response. to phosphorus found in this
invastigaxiaﬂ 15 similar to the effect of phosphoerus reported
by other investigators. Barmer (1938) in Salvis officinelis
and ggggmgggg gbgenthiyp, Maslennikov (1939) in geranium and
Belrd (1957) ., Stelgerwald (1958) and Skvubls (1964) in pepper-
mint have all failed to notice any positive influence as a

result of phesphorus appliaaﬁieﬁa

But Dejoe as stabted by Cuenther (1948) has recommended
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300 1b. of superphosphate per acre for citronella gracs.
Similarly Joachim and ?andittsekera also have stated the ime
portence of menuring eitronella with phoasphatic fertiltzers.
However the present finding is that phaﬁpmms is not an
important ac other nutrients in msnuring citrenells under
the conditions prevaiiing ih'Vallayani.  Just as 211 grasses
citronella also is able to absorb more phosphorus £rom sny
sell, than other field crops. Whyte (1961) reported that
phosphorus becomes deficlent to grasses only in markedly

deficient soils, -

The grase yleld in general is a result of increased
growthy tillering, helght, size and number of leaves, thicke
ness of stems éte..'In general all the three major autrients
ere important in increasing grase yleld. The results of the
iﬁvestigations have shéwn that nitrogen snd potash are more

Important than other mutrients,

Response curve for yleld of grass ,

Nitrogen application has increased the yield of
green matter end the magnitude of response was higher thanli
that of other nutrients. By fitting response curve for
yleld of grass for different levels of nitrogen (Fig. 3a)

1t is found that the optimum level of nitrogen is 242,5 kg./ha.
which s above the maximum level tried 1.e. 200 kg./ha.
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The corresponding yield’af'grass is celculated to be
9138 kg./ha. which 35 only 24 kg. more than tha ebtaiﬁa& for
the maximum level tried and heﬁca not @cenemieai. "

 The response curve for different levels of poteash
is given in Fig, Sib)a It shows that optimum level of
potash is 170.4 kg./ha. and the caxr@sp@n&iﬂg ylsld of grasse
is 7981.9 kg./hs. which is 23.2 kg. more than the yield obe
tained for 200 kg, treatment ,

01l yield

Reoults presented in Tablos VI and VII show that.
Ny K and interaction N x K significantly increases the oil
yield during both harvests. The interaction K x Ca was found
to be sigalficant only during second harvest.

The results obtalned in the case of ﬁitéagen are
in agreement with the findings of Puertorice experimente on
_ lamﬂngréss reported in 1840, Ilin (1940), Scharatz (1849)
and Khotins (1980),Chamura (1965), Baird (1956), Latypov (1960)
and Gutting (1961) in peppermint, Iin end Lian (1962) and Shii,
Young and Hu (1964) in citronells grass have also obtalned

similar resulis.

Reoults obtained in the case of potacsium =2lso agree.
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with the findings of Barner (1938) in Salvia and artemesia,
Bourne. (1841) and L.C.R.S. experimenté (1980=-63) on lemone
gﬁéss, Guenther (1949) Davis gt al (1956) and Latypov (1960)
on peppermint, and Jaéchﬁm end Pandittsckera éﬂd Shii gﬁ.ﬁlf
on cltrenella grases. Positive response in oil yield due to
the interaction of N x K as obtained in the exgérimeﬁt has

. been reported by Maslennikov (1938) in geranium,Bourne (1941),
Puertoric¢.exparimen§ reported in (1941) and L.G.R.S, experie
ments from (1959~63) in lém@égrass and Skrabis (1964) in
péppermims .

In general, the increase in oil yield can be due
to the increase in grass yleld, increase in oll content of
the grass or hoth., Tebles IV and V show that nitrogen and
interaction N z X significantly increased the grass yields
dupring both harvests and the observed effect of nitrogen
in oil yield ie due to this increased grass yield. The
signlficant superior response to potash in the first cutting
is due to the increzsed grass yleld (Tablé IV a) and in the
 second harvest 1s due to the influence of increased percentage
recovery of oil (Table VIII b). Bussel (1262) states that
increased nitrogen supply produces extra protein and the

grass grows larger, The surface area of leaves is also
increased, Such an inerease in the surface arsa of leaves
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may increass the number of ofl glande reéultiag-iﬁ th@{préﬂﬁn
ction of more oll. It can be noted from the ?aﬁults‘af second
harvest (Table V a) that 200 kg; of N/be has caused & sigal-
flcant increase in gress yleld E&t not a corresponding incres
ase in oil yield (Table VII a). According to Russel (19582)
2 bigh nitrogen supply repidly converts the cavbohiydrate to
proteins and praﬁaglaam. &ﬁzy & small portion of carbohydrate
- is left behind for cell wall formation. Protein and protoe
plasn incresses the size end number of cells, Bui\@earﬁh of
carbehydrates resultse in ﬁhinn@r'egii walls, This in turn
induces yapid diffusion and loss of essentlsl oils from the
numerons cells formed. Moreover the sacculent nature of the
grass due to the influence of high nitrogen abserption also
canses reducticn of essentisl oil by hydrolysis.

Besponse curve for oil yileld

| Response curve for oil yleld f@r diff@rsﬂt lavels
of nitragﬁn is given in Fig., 4 (a)., The optioum doce of ui-
trogen works out to be 169 kg./he. and the corresponding oil
yield 12 41,14 litres per heectare as shown 1in the curve, |

besponse curve for different levels of potash glven
in ?igq 4(w) shows that the optimun dose 18 157.5 ke./ha.
and corresponding yileld is 88,27 litres/ha. COptimum doses
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of nltrogen ané potash for yield of oil lie within ﬁhe‘rangp
of levels of nutriente tried.

Resuits on fertilizer experiments on lemongrass
at the Lemongrass Research Station from 1959-1963 have shown
that‘aptimnm levels of nitrogen and potash was 179 and 282 b,
respectively per acre for maximum yleld of lomongrass oil (Ana.
Progress Report of L.G.R.S.;_Odakali, 1963f64). | |

Percentage: recovery of oil

Results presented in Table VIII shows that, only
interactions N x Ky K x Ca and P x K x Ca significantly in~
fluence the paercentage recovery of oil ia'tﬁe first harvest,
Appendlx No. IX shews thet N, K and interaction N X K and‘f
K x P significantly influence the percentage recovery of 011 ,
"~ during second harvest,

Tables VIII(a) and IX(a) shows that the percentage
- racovery of oil 1s reduced at higher 1evéis of nitrogen in
both harvesis. Thie may bs due to the unbalanced nutrition -
of the eruég_ Diring second harvest higher level of nitiogen
has éiven highly significant lncrease in grass yleld |
- (Table Va). On analysis of the percentage recovery of oil
2 slgnificant reduction 1s noticed ab hi gher level of nitrogen.
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it ié thus seen from the results that above 100 kg. or'ﬁ/ha.
the gréen‘matter'increaSe 1s not accompanied by a correspond=-
ing 1ncreaae'1n oil content. Similar results aré obtained
in the case of pbtash also. The above resalts are in confore
mity with the results reported by Guenther (1944) and
Jaaehim and Pandlttsekera (1953) on eitronella graaa.‘i’

mhe-positiVé influence of nitrogen in combination
with K, P or Ca may be due to the greater balance in nutrie -
tion., Brown and Matthewe (1961) 4 Joachim and Pandititsekera
(1953) Iin and Lian (1962) recommended the applicaxien of
balancedfertilizers for ophimum results, Pereantage Po-
covery of oil is an important quality which determines the
economice of citronella oll productlon. 4Any fertilizer
treatment which increases the grass &ield end the percente |
age oil content in the leaves will kesp the cost of produ=
ction of oil low, as the extraction of oll alene invelvea
‘nearly 50% of the cost of Lis praduation.

Alcoholipercentagq in the oil

Analysis of varisnce table glver in Appendix X -
shows that alcohol peteentage in the oil 1s affected only
by nitrogsn. Between 0 and 100 kg. level of nitrogen thers

was not much differeaee in the alcohol content. - But at
200 kg. level there vas a significant reduction in slcohol
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pércentage (Table Xa). This reduction in alcohol 1s accome
panled by a higher teﬁnage 6£ grass in the plots treated with
higher dose of nitrogen. Trials conducted at L.G.R.S.,
'0dakali (1955-63) on lemongrass, by Cutting (1961) in gere
‘anium and Shii, Young and Hu (1964) on citronella grass
have shown Ehat the'é@plieatidn of & higher dose of nitrogen
incresses the yield of gresn matter and ofl but the quelity
of oil 1s reduced. &ceording—tc Bussel (1962) high nitrogen
1néraases the sacculence of lesf and proportion of water to
dry matter, This high‘pféportion of water to_dryfamatter
affects the guality of oil adversely. '
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The present investigation was-uhdertaken at the
Agricultural College and Research Inatitaiegtvellayani during
:1964~66 to study the iﬁflugnee of fertilizers on growth yleld
and quality of oil in citronella,

The effect of nutrients nitrogen and potash at
three levels each sind phosphorus and calciuvm two levels each
were studied in a mixed confounded factorial experiment, in
Rendomised Block Design.

Soll analyéis w;s made to determlne the nutrient
status of the soll. Growth characters like height of tﬁe
grass, number of leaves per maiﬁ tiller, and number of
tillers per clump were studied. Yield characters like grass
yield and oil yield were investigated. Studles were also
mede regardlng the percentage recovery @f oil aud‘sotal
alcohol content in the oil. Results of the investigations

. are summarlsed belowie

_The height of plants is significantly influenced
by nitrogen and calcium.,  Maximum height is attained by the
treatment Nofj0a,Pg (i.e.) 404 more than the control plot.,

FMone of the nutrients tried has significantly



- 76 -
influenced the productiah of leaves., However the interactions

N xPy KxP and Ca x P showed a positive trend.

Fertilizers have a marked influence in the produ~-
ction of tillers per clump, A significant ?ésitive influence
is noticed in the case of nitrogen, phosphorus and potash.

Ga

Mazimun tillering is noticed in ﬁlats receiving Ngﬁl

“ L8
treatment (1.e.) 129.5% more than cohntrol.

L

Effect of nitrogen and interaction of nitrogen
with potassium have glven signlficent increase in grass
' yield during the two harvests done during the period of in-
vestigation. Effect of ¥, Ce and interaction le Ca was
found significent only during first cutting. The optimum
dose of nltrogen for the maximum yield of grass (91%8 kg./ha.)
was found to be 242,5 kg./ha. The optimun dose of potash
for maximum yield of grass (7981 kg./ha.) ves found to be
170.4 kg./ha.

011 yield was signlficently inczeased by N, X and
interaction N z K during Beth harvests, The interaction
K x Ca was found significent only during secend harvest,
The optimum dose of nitrogen for maximuﬁ vield of oil
(41.14 litres/ha,.) was found to be 162 ¥g./ha. Iikewise
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the optimum dose of gotash'fcr meximum yield of oil (28.27
13tres/ha,) was found to be 157.5 kg./ha.

Percentvage recovery of oil was found to be influ-
enced significantly by interaction N x Ky K x 2 and P x K x Ca
during first harvest and by N, K and interactlons ¥ x K and
N x P during second harvest. The percentage recovery of oil
was found to be reduced in plots trested with 200 kg, of N
per hectare. A balanced fs?tilizer wag found to be important
in glving a favourable influence on the percentage recovery
- of oll, |

The aleohol percentage in the oll was found to be
affected only by nitrogen. 4 s;gnificant reduction in alco~
hol percentage was noticed at Ny level (200 kg./ha.). oOnly
2 negligibie difference vas noticed between No end Ny levels.
The maximum alcohol content was recorded by the treatmént

NiK,Ca,P, which i8 3.8% more than control plots.,

It 1 evident from the resnlts of the present
investigation that it is possible to grow citronellagrass

suceessfully under the agrocilmatic condltions of Trivandrum.

Pertilizers profoundly influence the growth and
yield of the grass. Tertilizers other than 200 kg, level
of N had no significant influence in the quality of oll,
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- determined by total :aleahel p‘ementége'. 7 Hi_g!ier. levels of N
im.s also found to aféfénaa the ;:éraentage recovery of 'aﬂ._ Thus
it is ééeﬂ tﬁéﬁ an ?Optimﬁm deéé ‘ai' nivtmgen 169 »kg. and that
-of 157.5 keg. of potash per heeﬁam do materially increses the
yvield af aii witkmue pmdueang any daletar:}.sus effect on. the
quality angd pereentage raec‘mry of the oll. These facts
indicate that ciltronella. -grass requires manurmg with fer-
‘tilizers eaneaining n:lerogen and gatsash as the preﬁeminant
const':!. tuen‘hs .
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¥x? 89.89 2 29404 1
FPx R 64.41 g 38.80 |
¥ xPzkK 150.51 4 37.63 1
da 281,85 1 281.85 5.20%
B ox s 3@:22 2 18,11 1
¥z Os 6.02 B d.01 3
Hx & =z da 181,04 4 40.26 1
P x Ca 134,01 1 134.01 2,95
Hx?2xUs 146,32 2 63,16 1.39
PxHxda 85.71 g 27.85 1
Hzx Pz Ex Oa 138,75 4 %19 1
jid r. 31 L ew

- *Significant nt BE% leval



APPENDIX IIX

Humber of leaves pﬁb main tiller

(Analysis of variance)

Soures | : 8.8, , 2 3% Varisnce

’f@bal 66509 ?1 ' . P

Blook 0.130 5 G.026 1
¥ 04080 2 0,025 1
B - 0.280 2 0,130 1.08
"L 0.080 2 9.040 ]
Ng? 6,010 .2 0.005 1
P - 0.020 . 1 0.010 1
BxPp S 0.480 2 0.240 2.86
P x¥ {36560 2 ) Qo%@g 2,64
#xPxEkE 0.250 4 0,082 1
da D.,110 1 0.110 1,04
¥z Ca 0,130 2 .065 1
K % 0a 0.280 2 0,140 1,32
e ¥x Ca D260 - 4 - 0.065 1 )
P x fa - 0.240 1 0.240 2.26
RxbPxzia 0.006 - B 0.003. 1
PxE xCa D.260 P 0. 130 .02

BxPxExC 0,100 4 0.028 1

Brroy 3.280 31 3,108 .




APPENDIX III

Number of tillers per clump

(Lnalysis of variance)

Source 5.5 D.P. Verisnce . P,
Potal 141284.58 7N .o vo
Block ' 4365.02 8 873.00 165.52%%

" 3440,10 2 1720.05 B0.570®
K 57119 2 285.69 5,077
Fij:4 B65,28 2 432,64 F. 898"
e 158.20 2 79,10 1.40

B 493,01 1 495.01 8,76%%
Ne? 216,28 2 108,14 1.92

P X 485,86 2 242.93 4,31%
Hx Pk 128,28 4 32,07 S

1845] 146,26 1 146.26 2.60

B X Oa ?41069 2 ?ﬁagé ?oﬁgg

K x 0s 48,90 2 24,45 1
K x Ca 187,86 4 43,96 k!

P x Ca 101.85 1 101.25 1,80
BxPx s 188.57 2 94,28 1.6%7
Pxr ¥ x f}‘& 706 .88 2 Sggngé Be3B*#
FxP?PxKx0a 135,42 3% 3%.85 1

M
2
Q2
b

1743.81 56.25 ’e.

«Gipnifieant at 5% level
#*3ignificant at 1% level



AEP@&?XK IV
Gr&aa Yield (First hma%)
(Amlysia af v&rianee)

Somrce . $.8, D, .- Variamee  F.

-3
P
L g
-
L
»

Total 70,67 ‘ »
0;?@‘ 2.36

Blaoek ' ’ _ " 4,60 5

N 24,80 2 -2 12, S@ ' 32.36%%
K 4,04 . 2 2,08 T3 A
NE .81 . 2 3.65 9.60%*
NK® 2,35 - 2 R 3.07

P .79 . 1 0.79 2,07
Nx? Q.47 2 0.20 T
KExP 2.09 . g 1.04 2.93
HxKx?P 1.78 4 .44 1.18
G& ' ’ 2.63 - 1 gq63 ’ ;6395*'
g’ X_ {}a 9.53 o 2 9.26‘ 1
K x‘Ga 3018 : 2 1.89 ‘ 4,18%
NxK xCa 0.7 - - 4 0.18 1
E‘ﬁ 0a 0. 035 1 e - v
NxPx{a 1.88 2 0.94 2.47
Kz P xla 0,94 . - 2 0,47 1.84
HzExPx O 5.99 . 4 0.25 1
Error , 11.95 - 31 ‘0,385 N

*Significant at 5% Level
##5ignificant at 1% level |



APPERDIX V

Grass yield (Second harvest)

{Analysiec of variance)

Source S¢8a  DJF. Variance Pe
Total : 1695.10 71 T se L e
Bloek - 259,00 5 51.80 - B.20%w

K 28.80 2 14,40 172
BK 188.10 2 94,05 11.25%%
FE2 7.50 2 3,75 1
P 26,90 1 28,80 = 3.20
BxPk 21.70 2 10.88 : .28
Kx P 10.10 2 5.00 , i
NxKx?P 22,90 4 5.72 -1
Hx On 384,20 2 18,10 2.18
K x Ca C17.80 2 8,90 100
¥x&x Ca 41,10 4 10,87 1.20.
P x Ca 8.10- 1 6.10 T
Tx?xla 7.90 2 - 3498 |

KEx P x0s 22,80 g - 11.40 1.40

_BxExPxGa 79.80 4 19.95 2,37
Beror 261,70 31 8.44 .

+#3ignificant at 1% level



APDENDIX VI

0i1 yield (First harvest)
(Anslysis of yariance)

1843,0

59.45

Source Seda DB, Yariance P.
Potal 6917.4 v . .
Block 243. B 48.74 t

W 1714.6 2 . 857.3 14.43**
K 346.8 2 173.4 2e958*
NE 448,68 2 g24.3 3.77%
HZ2 182.0 2 91,0 1.54
P 69:1 1 69.1 1,20
Hx?P "RB.3 2 13.15 =)
Ex? 74,0 2 37.0 1
Fx&Kzx?P 61.6 4 - 15.4 : I
Ca 175.8 1 175.8 2.99

B x 02 - 36.0 2 18.0 B D

K x 0a 210.% 2 105.15 197
NxKx Ca 286.4 4 36.6 1

P x 0o 0.0 1 - 0.00 .e
FxPxCa 108.6 2 B4, 3 1

HNx Xz P X Ga 5@06 4- 12.65 1
Error 31 .

*Gignificant at B% level

mr34anif jcant at 1% level




APPENDIX VIX

041 yield (Second harvest)
{Analysis of varisnce)

Sonree 8.8,  DB.F. Vapience - P,

Total ' 17618.06 T ee e
Block . 1967.20 598,44, - B.7RE%

- 1397.50 15.83%%

230.10 T B.16

3 ggi 69 ’ ) 1 . 93
0.7 1
31.95 1
323,00 3,15
94,55 1

424,45 4,02%
149,20 1,38

4328,50
1098.,40
2%795.00
460,20
199.60
. 61,50
171,60
&323".;90
189.10
848,90
- 596,80
"261.90
. 15.00
468,90
- 428.40
3E76.20

gan=

mA
HuHA
@%gg % v bl
b i %
o o

£61.90 2.5%
7,50 - 1
234,45 .22
10710 1.01
105.65 .

MM MMM MM
¥ g
MEH D

prREvEREQBREY

ugs
88

W
ﬁﬁ@wma@mwamwwa&mwmcm

| *ﬁignifiea@$ a£ 5% level
we3ignificant at 1% lLevel



ﬁ??ﬁﬂﬁﬁ&’?lli

Percentage recovery of oil (First harvest)

(Anslysis of vapiance)

source . Vg‘ogo - D.F. Varme@ i?,t
To tal _ 43.40 1 'Y .
i _0.80 g D85 1
K 0.90 4 " D445 1.80
g&tﬂ 4.50 | % .25 8.9gne
Hx?P 1.00 g 0.08 1
PxK 1.60 2 0.80 3,20
§xPxk 2.%0 4 0.6% 2.70
ta 010 1 0,10 1
ﬁ £ Gﬁ Y 2 - LR} e
K=z Qa . 4,80 2. 2&4‘:9 D.B1es
P x Ca 1.00 1 0.50 2,00
HFx?xCa . 9.90 2 0.45 1.80
PxkxCa - 8,60 2 1,30 5.21
HxPxKx(a 281 4 0,70 2.42
Brror 781 31 2.81 -

*Significant at 5¢ level

**Significant at 1% level .



' APPENDIX IX

: Earémmga rewﬁveryl of oil (Second hervest)

'§ fasiysis of varianes)

Souree HeSe DeFe VYariance ¥,
Total 23.80 71 ‘v w .
Bloek . 1,08 5 0.21 1
N 2.67 2 1.33 6.01%% o>
. 1.91 -2 0.95 4,32% '
NE_ 1,64 S .82 3. 75
wg2 1,22 2 0.61 2,97
? gi@@ 1 » ¥ ' e !
Hx? 2,23 2 i.11 5.06%
P x & 0.23 2 0.12 1
ga . 001 1 0.01 1
¥ x Ca 0.28 2 0.14 1
K x Ca 1412 2 0.56 2.55
iz KxCa 0,80 4 0.8 _ 4
»xCa 0.55 1 0.55  2.54
8= ? 33": @a ﬁaﬁg 2 - ap 19 T
‘PxkxCo 0.27 2 0.13 1
HxPxKxos 1.85 4 -~ D.46 2.10

*aignificam at 5,% level . 1
- #sgignif deant ab i;%‘level‘ ‘



APPENDIX X

(snplysis of vaviance)

, Alcahﬁl;ye?cea%age in the ai;

Source 3.8, DJF. Variance Fo
Total , 129.53 V" e .
Block 16.5@ B 3. 30 2.60
i 23.30 2 11,65 B.4B*% S,
X 1,80 2 0.90 1. )
RE 4,850 2 2,85 1.70
WRR C9.10 2 ' 5.55 2.57
P ' " B.R0 1 5.20 3.80
Hx? * 1.80 2 (.80 1.
Kx¥ 2.60 2 1.80 1
HxzKEx? T B.20 0 4 080 9
ga © 0,30 1 030 1. ‘
¥z Ca ) 4»?@ a2 2 .35 2
E v 0a ! i’?»i}@ ﬁ e ‘e
HNxEKzxla U 3.40 4 . 0.85 1,
Py s L0306 1 G330 1
Bx?Px Ca Q.90 2 D445 1.
Ex Pz la i 2 160 2
FxXx=xzPxCa © 8400 4 2,00 2
Error 42,70 51 1.38 ve

§ignificant at 1% level



 APPENDIX XI

Composition of the solls of the experimental ares

':Mechamiealkeem?aaition ~ Chemical composition

: in percentage .- in percentage

Sand .. 20,82 Total nitrogen .. 0.04880

Fine sand .«  88.36 Total phosphoric) ‘

- © acld I +. 0,04200

Silt . '7.81 Availsble phos- § . .
| . phoric acid 1§ .. 0.0020

Clay . 32,60 Total potash .. 0.0780

Availshle potash ., 0.0009
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