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INTRODUCTION



IlfTRODUCTI ON

Aromatic plants ooustitute a group of industrially 
important crops which bring to the country appreciable 
income by way of export earnings. The essential oils 
obtained from such plants go into the preparation of innumer
able oosmetio products and medicinal preparations which are 
in great world demand. Developing countries have been the 
producers of easential oils - the raw materials for ouch 
produots. India had a great past in the extraction of 
atharo and had its own perfumery products, besides exporting 
raw materials for perfumery and cocmatics. Many of them are 
cultivated with tho wisdom that has accumulated and which 
has been handed over from generation to generation rather 
than on a ooiontific basis. Therefore, it is imperative 
that innovationo have to be made in the agro-techniques 
on some of the important ecaential oil aropa for inareaalng 
both tho productivity and quality of olio ond for rolonslng 
more valuo added products to tho world nnrkots.

Tho major itama of oaoantial oils that are being 
exported from India are sandalwood oil, lemongraea oil, 
palmorosa oil, and vetiver oil. India is one of the 
principal producers and exporters of polmoroaa oil. A’elma- 
rosa oil ranks third in the list of exported essential oils 
from Indie end exported mainly to franoe, Meet Germany, 
U.S.A., Swltmerland, United Kingdom and Bud an. During 1904
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tha export was to tho tune of about 14 tonnes valued at 
to. 47 lakhs. In 1984 tho average market price of this oil 
at Bombay as per ths Agmark Bulletin, published by the 
Directorate of Marketing and Inspection, Nagpur, was around 
E3.500/- per kg. There is a growing and consistent demand 
for this oil in the world mazkets.

Palmarosa oil is obtained from the grass 
Cynbopogon martini Otapf vor. motia. The distillation of 
the floworing shoots, leaves and overground parts of the 
plant gives the ooomercially important oil of palmarosa or 
East Indian geranium oil.

The oil of palmarosa lo an important raw material 
in perfamary end is extensively uaed for imparting roso 
like aroma to a wide range of soaps, coometio produots, 
tolletaxy goods, tobacoo products ete. Geraniol J1OU10°- 
on unaaturatod terpeno alcohol is the principal constituent
of palmarosa oil. Goranyl acetate c-j2Il20°° is another 
major component.

Palmarosa plants arc widoly grown in iiadhya Pradesh, 
Maharashtra, Andhra Pradesh and Uttar Pradesh. It was 
introduced into Kerala at the erst while Lsmongrass Research 
Station, now ths Aromatic and llodi a Inal Plants Research 
Station (AMPR3), Odakkaly, about 20 ysars ago from 
Maharashtra. During thasa few years ths cultivation of 
palmarosa has expanded considerably especially in ths plains
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and midlands ia tha districts of Cannaaore* Koshikode* 
Bw>u»kwi|Ma eto. Farther* seeds are being seat from this 
Station to adjacent States for cultivation.

The studies so far oonduoted on various aspects have 
clearly shown that it is a suitable crop under the agro- 
climatic conditions of Kerala and that it is a more 
profitable orop compared to lomongraos. This is probably 
one of the main reasons for the gradual and partial dis
placement of lemongrass by pain gross in Kerala. Though 
the cultivation practices ore similar for both, palmarosa 
is different from lemongrasQ in that its optimum stage of 
harvest is olooely related to tho blossoming of the plant. 
The plant io found bo flor/cr more frequently under the 
hunid tropical condltiono of Kerala. In contrast to tills 
lemongraofl flov/oro only once in c year, lurthor, the 
inflorcooenoe of palmaroon ia reported bo contain a liighor 
percentage of tho oil than its loaves and stem (Gupta ot 
al.* 1970| Alioo ot al., 19o2, riarosli at al., 1ju2). Thus 
this froquenoy of blossoming loado to narrowing harvest 
intervale of the orop and lo lilcoly to ansure a greater 
par he at nr o prod action of ths oil ĵ er year.

In order to inoroase tho quantity and quality of 
palmarosa oil* studies are being oonduoted on the culti
vation end distillation aspects of ths orop by various 
agencies like the Central Institute of Medioinal end 
Arnos tie Plante, Regional Research Laboratories* Indian
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Agricultural Research Institute etc* Bat precise informa
tion on nutrient requirements of this orop and their 
influence on the quality of the oil are vary sparse. As ths 
stage of harvest has not been properly standardised the oil 
produced under Kerala situations is reported to contain a 
higher gersnyl acetate content and a lower content of 
geraniol than the prescribed I SI limits. The high acetate 
content in the oil is not a desirable character for perfumery 
purposes. Several workers (Gupta et al., 1976, Gupta et 
al., 19015 Alioe, 1962) have reported that the oil obtained 
from the loaves are of better quality since they oontain 
looser amount of goranyl acetate and more of geronyl alcohol. 
Thgog studies reported earlier In literature are based on 
ohonioal analysis of tho oil sepnrately diotilled and 
obtained from tho inflorescence ond the leaves harvested 
after blossoming.

The present state of our knowledge io scanty 
especially on the nutrition of nalnnroon, optimum harvest 
lntervala bo an mire maximum herbage yiold, oil yield and 
itn quality, factors offooting major yiold attributes of 
the orop and thereby the yield and quality of oil eta•
In view of this the present study was token up with the 
following main objectivesi

(1) Find out tha lfPK requirements fbr palmarosa 
based an studies on nutrient removal, and response pat tents 
by ths orop.
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(2) Find oat the optimaa harvest interval to ensure 
■sxizae herbage and oil yield.

(3) Study the effeot of harvest intervale and 
nutritional factors on the quality of oil eapeoially the 
geraniol (free alcohol) and geranyl acetate oont ante.

(4) Find out a suitable combination of harvest 
interval and manorial schedule in order to manipulate the 
usually higher content of geranyl acetate observed in Kerala 
situations to a level below the praocribed I SI tolerance 
limits.

(5) Find out the combination of manuriel treatments 
and harvest intervals tio onouro tho higheot not return in 
terms of rupees over a continuous period of two years of 
cultivation of poluarooa.



REVIEW  OF LITERATURE



REVIEW OF LITERATURE

Palmarosa is an essential oil yielding perennial 
grass founl In the tropica. It comas up veil under the 
agroelimatio conditions existing in Kerala. Most of the 
available literature relating to the influence of nutrients 
tmA stage of harvest an oil yield, physico-chemical proper
ties of oil, composition of the plant end uptake of nutrients 
relevant to the study ore presented here. Since the 
literature on uptake studies in palmarosa is very scanty, 
observations on othor grasses which have relevance to tho 
studios of palonrosa have aloo boon reviewed.

Cultivation of pqlna.ro sa in India
Palmar030. grass, Cynbor;ogon martini Stapf vnr. notia 

is the original nativo of tho forests of liadhya Pradesh,
Aaoon and Maharashtra, whore it is Jcnown to grow in oeattored 
patohoo. Many different cultivaro hove boon identified from 
the natural habitat. It io a hardy plant which can grow in 
varying altitudes and is generally fcrund on tho slopes of 
mountains and woll-drainod soils. Howavar, tho oontant and 
quality of oil io very rruoh influanood by the ollnnto and 
the altitude at which it is grown. In India the main bulk 
of palmarosa oil is produced from the forests of Madhya 
Pradesh, Bombay and As asm (Olngh, 1977)*

Studies conducted by the Kerala Agricultural 
University have shown that palmarosa comes up well under the
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agrodinatio conditions of Kerala and that it is a profit
able substitute for Iswongrass (Nair and Mariam, 1976).

Daring the pest 15 years, attempts hare been made at 
tha Central Institute of Medio Inal and Aromatio Plante at 
Luoknow and its regional centre at Bangalore to evolve 
improved agrotechnology for palmaroaa and to introduce better 
clones. As a result of these efforts good quality palmarosa 
oil is reported to be produced in Uttar Pradesh, Andhra 
Pradesh and Karnataka where it is grown as a cultivated orop 
(Ak :ar Hussain, 1979).
Soil and climate

Gupta (1972) has reported that tho orop performs well 
in dry and hot olinate with a low rainfall. High rainfall 
does not odvorooly affect ito growth, if water stagnation 
is absent. The important contributing factor for oconomlo 
yield is a well-drained ooil with pH varying from 6.0 to 7 .5. 
It prefers open lands with an elevation upto 900 n. Heavy 
soils should bo avoidod.
Yield attributoo
Effeot of nutrition on yield attrlbutoe

Investigations oonduoted by Gupta ot al. (1970) 
at the IARI, New Delhi on the effeot of fertilisers an the 
bextoege yield, oil content and ite composition have revealed 
that the number of tillers per plant inoreaeed significantly 
with N and PgOj upto 00 kg but deoreaaad with increase in 
the levels of KgO from 40 to 00 kg/ha. The number of
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tillers corresponding to 0, 40 and BO kg F/ha were 57*7*
73*2 and 83*8 respectively • The number of tillers produoed 
at 0 f  40 sad 80 kg PgO,-/ha were 64.7, 74*0 and 79-7 respec
tively and the corresponding numbers for 0, 40 and 80 kg 
KgO/ha were 68.2, 81.8 and 68.3. The plant height was 
inoreaaed due to different levels of N and the mean height 
at 0, 40 and 00 kg N/ha were 1.57, 1.70 and 1.75 m respec
tively. The effeot of ^ ^ 5  wao Q̂ Q0 significant and the 
height reoorded at 0, 40 and CO kg P^O^/ha were respectively 
1.60, 1.69 and 1.74 m. The influence of K waa not signi
ficant and tho plant height waa inoreaaed due to balanced 
dose of GO kg each of II, 1 ^ 5  0111(1 KgO. The length of the 
infloreocenco incroaood only upto 40 kg H/ha and there was 
no effeot for P and K application. The langth of inflore
scence at 0, 40 and 00 kg Il/ha wore 41.0, 46.1 ond 45.0 cm 
respectively. The numbor of tillors per plonb mado a signi
ficant contribution towards yiold. It was oloo noted that 
the increase in plant hoight did not rosult in a corres
ponding increase in the length of the flowering shoots.
On the contrary a slight roduotlon in tho size of floral 
shoot was notioed in taller plants particularly for ths 
a n t m  orops. They have also noted that more than 90 
per oent of ths tillers hod Inflora bo anoe at ths time of 
harvest.

hcperiments oonduoted by Paresk et al. (1981 a) at
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18caper Perm, Delhi during 1976-79 and 1979-60 on tha effeot 
of UPC fertilizers on yield end quality of oil of palmarosa 
shoved that the number of tillers was significantly influenced 
by the different levels of N applied in the first end third 
harvests* Tiller number increased with increase in the 
levels of H in all the three harvests end the mean number of 
tillers per metre row recorded at 0, 40 and BO kg N/ha vere 
208.2, 215.3 ond 223.0 respectively. Dlfforont levels of 
PgOg ond E^O had no significant offeot on the number of 
tillers and tho mccn voluos recorded at 0 and 40 kg P20^/ha 
wero 218.G and 215.0 and that for 0 and 40 kg Ko0/ha ucro
212.0 and 220.1 roopactively.

Application of M at 0, 40 and 80 1‘g/hn affected 
significantly tho height of tho plants in two out of the 
three cuttings. In tho firot cutting application of N at 
40 kg/ha recorded tho maximum hoight (197-3 cm) vhilo in the 
isoond and third harvosto, application of II at GO kg/ha 
reoorded tho highest valuo.

Tha moan values of throe cuttings recorded at 0, 40 
and 80 kg N/ha war a 100 .G, 1(J9-3 and 2 0 0 .9 am rospootivoly. 
Applloatlon of *2^3 and K^O at 0 and 40 kg/ha had, however, 
no lnflusnce on tha height of tha planta. Length of tha 
inflorasosnoa was influenced by tha diffarmt lovolo of R 
in ths eeoond and third harveeta, but in tha first harvest 
there was no significant difference with different levels of 
IV. Application of II at 40 kg/ha reoordad tha a a e l M
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length in the first harvest, while in the second end third 
cuttings appUcation of V at 80 kg/ha reoorded the maxima 
ldgth. The mean values reoorded at 0, 40 and 80 kg N/ha 
ware 37.6, 41.3 and 41.3 cm respectively. The effeot of PgO^ 
was significant only in the second harvest. Applioation of 
FgO^ at 40 kg/ha produced longer Inflorescence than those 
at aero level in all the three harvests end the mean length 
for the three harvests reoorded at 0 and 40 kg/ha were 33*8 
and 41.2 cn respectively. Application of Ko0 at different

Cm

levels did not influence the length In any of the harveota. 
But 40 kg KgO/hn reoorded higher inflorescence length than 
a E3ro level arolioatlon and the values recorded at 0 andA*

40 kg I^O/ha vcro 39.5 ond 49.6 cn respectively.
Studios conducted by Singh et al. (1931) on the NiJK 

requirements of polmarooa under the ogroollnatio conditions 
of Jorhat, Assam with all possible combinations of N at 
throe levels 0, 50, and 100 kg/ha, Po0r at three levels 0,
40 and 60 I:g/ha ond Yî O at two lrrvolo 0 ond 40 kg/ha 
revealod that tho difference obtcinod with difforent levels 
of IT, ? and rl on tho nurator of tillers por plant and on ths 
hsi^it of ths plant were not significant, though a tendency 
for higher number of tillers per plant end height was 
observed with increased FI, PgO^ anfl K2° lcnre1**
BfXttrt or I l M t  9t lwrraart on j f t . ld  . t t r l b u t . .

Tho studies conducted by IVair et el. (1930 e) el the 
AMPR3, Odekkaly, shoved that the average number of till ere



per oltnp was 18, height of the plants 162 on, number of 
inflaresoanoe bearing tillers 14 and length of inflorescence 
50 on at the time of full flowering for the variety ODP-2, in 
the first year of plaiting.

Pareek et al. (1981 b) observed in the Issapur Re a a arch 
P a m  that the tiller number was not affected by the increase 
in age from the vegetative phase (75 days after sowing) to 
the commencement of flowering (83 days), the bloom period 
with most flowers open (103 days), or tho early seeding 
(115 days) and late seeding stages (125 days). Rut the 
height of plants significantly increased from vegetative 
phase to the bloom period, i.o. the stage of opening of most 
flowers. The treatments did not influence the length of 
inflorescence. The number of tillers per metre row during 
tho vegetative stage, oomnencomonb of flowering, bloom 
period with most flowers opan, oarly socding stage and late 
oeoding stogo wero 176.0, 175.3, 170.9, 176.0 and 176.7 
respectively aid tho hoight of the plants at tho above growth 
stages wero 0 3 . 5 * 164.7, 21Q.0, 221.7 and 224.7 am respec
tively. Length of inf loro ao an og during tho bloom period 
with most flowers open, oarly seeding stage end late seeding 
stage was 45.7, 48.0 and 54.7 am respectively•
T1.M Of Iwr t m  BB&
l a f l M M t  mrtrlif cm yii14 of h.rb«a afl oil

An experiment a endue tad sit Bhubaneswar, Orissa to 
study the offset of fertilisers on herbage yield mad oil
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oontent of palmarosa revealed that application of HIE 
fertilizers singly and in combination (N at 0V 50 and 100 
kg/ha) 9 P205 at 0, 50 and 100 kg/ha and KgO at 0V 25 and 50 
kg/ha) increased the fresh herbage yield over the control.
The highest fresh herbage yield of 47 t/ha was obtained with
^100 ?100 K50 00 aSa n̂flt 25 t/ha from the oontrol plot 
(Dotta and Paul, 1976).

According to Haaarika and Bora (1977)» the yield of 
herbage woo significantly increased with the increase in the 
level of IT from 0 to 60 kg/ha. But at 00 kg/ha, the yield 
of green herbage daoreaoed. The oombination of P and K with 
N also showed a direct effect in increasing the yield of the 
herbage. The best results were obtained for the treatncmt, 
H60 P40 K40 end this doso wan recommended for palmarosa grass 
under Jorhat conditions. The herbage and oil yields obtained 
in the first year for tho troatmont TÎ q ware 4 .43
t/ha and 39*07 kg/ha respectively.

Danrn^ ot al. (1977) while obudying the influenoc of 
N and P application at tho Punjab Agricultural University, 
Ludhiana (U at 0, 75 and 150 kg/ha, PgO,. at 0, 50 and 100 
kg/ha) found that inoroase in the herbage and oil yields was 
significant upto 75 kg N/ha, while P did not produce any 
significant difference In either of these. Herbage yields 
et 0, 75 and 150 kg N/ha during the first year were 36.78, 
42.60 and 45*49 t/ha respectively, while those in the
second jeer were 17.9* 21.3 end 21.5 t/ha respectively.
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The oil yields at 0t 75 and 130 kg N/ha during the first year 
vere respectively 16 1.6, 202.1 ana 222.9 kg/ha and those in 
the second year vere 64.1 « 102.3 end 100.8 kg/ha.

Gupta et al. (1976) oonduoted a trial with three 
levels of Nv PgO,- and K20 at 0, 40 and 60 kg/ha singly and 
in a"11 combinations during the period from August 1973 to 
November 1974. They observed that the herbage yield 
increased with increase in the levels of N and the yields 
recorded at 0, 40 ond 80 kg/ha were 69.53* 05.83 and 99.16 
t/ba respectively. Increase in tho levols of ^2^5 °-^00

resulted in an increase in herbage yield, tho yields recorded 
at 0, 40 and 80 kg P ^ / h a  boirg 92.23* 102.22 and 108.34 t/ha 
respectively. However, tho herbage yield decreased as tho 
level of KgO Increased from 40 to 80 kg/hn and the yiolds 
obtained at 0, 40 and GO kg/ha being respectively 96.15*
102.27 and 100.37 t/ha.

In a trial corklucted to find out the optimum dose of
£-4

N and tho rooponao of pnlmnrosa to '.3, K and 7.n in Control 
Uttar Prodoeh* rjhnrmn ot al. (1980) observed that application 
of 150 kg N/ha raised the herbage and oil yields in all the 
four harvests of ths arop. Howavor* significant Increase 
was not load only in the first and fourth harvest s. Applica
tion of &2°5 the rate of 50 kg/ha increased the herbage 
end oil yielde significantly• Potassium applloatlon shoved 
no influence on the yields of either the oil or the herbage.

Fareek et al. (1961 a) observed from a study oonduoted
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at I■ sapor Farm, Delhi that freeh herbage yield and oil yield 
vere influenced by different levels of N (0, 40 end 80 kg/ha) 
in ell the harvests obtained in tvo years. But there wee no 
eignifioent difference between 40 and 80 kg N/ha and the total 
herbage yield obtained for tvo years at 0, 40 and 80 kg N/ha 
were 63.7, 78.8 end 78.6 t/ha respectively and the corres
ponding values for oil yield were 276.4, 339*1 and 345.3 

kg/ha. Different levels of PgO^ and K^O ahowed no signifi
cant influence on herbage ond oil yields.

3ingh et al. (1981) found from the studies on the Rx'K 
requirements of palmarosa with three levels of II (0, 50 and 
100 kg/ha), three lovolo of I-̂ Ô  (0, 40 and 30 kg/ha) and 
two levela of KgO (0 and 40 kg/ha) that only the effect of 
P wee significant in tho yield of green matter and essential 
oil. The yield of herbage with different levels of II, P and 
K varied from 12.20 to 12.90, 12.15 to 13.23 and from 12.55 
to 12.85 t/ha roopoctivoly. Tho oil yiold with different 
levels of ft, P and K rangod from 95*51 to 101.98, 93.88 to 
103*43 «nd from 90.30 to 99*48 kg/ha respectively•

Bused an tha experiments conducted at the Calcutta 
University Farm during 1976-'70, Munal and Muker;]ee (1982) 
concluded that there was significant increase in the yield 
of oil with application of nitrogenous aa wall as phosphatio 
fertilisers (levels of N tried wars 0, 20, 40 «id 60 kg/ha, 
and levels of ?2C>9 tried 0, 40, 50 and 00 kg/ha). Tha
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interaction between N and P an oil yield waa also signifi
cant and Ngg PgQ was the most optimum level. Application of 
N increased oil yield from 96.56 kg/ha in the control to 
152.42 kg/ha for the highest level of N tried. Similarly 
the application of P inoreased the oil yield from 114*33 kg/ha 
in the control to 136.07 kg/ha in the highest level tried.
The most effective level of 1*2^5 appli03^ 011 w8-3 60 kg/ha. 
Effect of Bbage of harvest on yield of herbage and oil

According to Lai (1935) the distillation of the whole 
plant yields bh  ̂maximum amount of oil v;hen harvested about 
a week after flowering.

fao et al. (1949) reported that the maximum yield of 
oil was obtained from the entire plant one week after 
flowering.

According to Singh (1350), palmarosa grass gave the 
maximum yield of essential oil when harvested between budding 
to flowering while the yiold of oil was low when harvested 
after seeding.

Several workers nave reported tlmt the maximum yield 
of palnarosa oil was aohiavod when the plants woro harvested 
at full flowering stage (Virmoni et al., 1977 and Gupta and 
Jain, 1978).

Flair and Mariam (1970) were of the opinion that the 
stage of harvest was the oruoial factor contributing bo 
optimum yield of oil with high geraniol oontent. The study 
oonduoted at the AKPRS, Odakkaly revealed that the sixth or
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serenth day after the fall flowering of the crop was the 
optimal stage of harvest for obtaining maximum oil yield.

Pareek et al. (1981 b) reported from a study conducted 
for tvo years on the yield and composition of essential oil 
at Tarioas growth stages, namely vegetative phase, commence— 
meat of flowering, bloom period with most flowers open and 
the early seeding and lato seeding stages that the treatments 
influenced the herbage yield and oil content significantly. 
Bloom period, when most of tho flowers were open, gave the 
highest herbage yield and oil yield. The total herbage yield 
obtained for the first and second year at the various stages 
discusoed earlior wore sequentially found to be 73.9, 76.2, 
94.3# 81.5 ond 71.3 t/ha whilo the corresponding values for 
oil yield were 340.4, 367.4, 463.4, 409.1 ond 316.6 kg/ha. 
Effeot of the ogo of the orop on the yield of ctoss

The cvorcgo oil yiold of palnorooa woo estimated at 
25 kg/ha in tho first year and 50 to 60 kg/ha per year 
thereafter (Gupta ,f 1972).

In nil the spoolos of CyDbopo/rono tho yiold of the 
grass was the lowost in tho first year ond highest in the 
Booond and third yoar of tor planting (Gupta and Jain, 1970). 
Moisture oont i t  and dry matter yisld

Guanthar (1950) has reported ths overage moisture 
content of ths plant to ba between 62 - 63 par oant.

Aooording to Anjali (1982), tha dry mat tar oontant 
of ths various plant parts such aa vary young laavas (first



17

leaf from top) nature leaveb (third and fourth leaves) old 
leaves (below fifth leaf) stems and rhizomes vere 30.7* 34.2,
35 .4» 38.6 end 25*1 per oent respectively.

Oil oent ant
Influence of fertilizers on the oil oontent

Dutta and Paul (1976) observed fron the experiments 
oonduoted at Bhubaneswar, that application of N, P, K singly 
and in combination produced no conaiotont effeot on the oil 
oontent of polmarosa. The average oil content of the fresh 
herbage was 0.35 por oent.

Investigations carried out by SaTmaat al. (1977) 
at tho x*unjab Agricultural university, uudlilona on tho effoot 
of 17 and P application on tho yield of pair, nr os a showed that 
the percentage recovery of cil at 0, 75 and 15") kg I?/lia were 
9.44, 0,43 and 0.43 respectively and that at 0, 50 and 100 kg 
PgO^/ha woro 0.46, 0,49 and 0.46 roopcctivcly on the froah 
weight basis.

Inoroaoo in tho lave! of II from 75 to 150 kg/ha 
significantly raduood tho oil oontont in Java oltronolia, 
but higher larvolo of K noitlior increased tho poroantoga of
oil algnifioantly nor shoved any definite trand for inarense 
(Bommegovda, 1973).

Hassrika st si. (1978) observed that out of the 16 HFK 
oomblnat 1 one of N at 4 levels 0, 60, 90 and 120 kg/ha and 
P2°5 KgO at two levels of 0 end 40 kg/ha, the oombinat lams
*120 *40 *0 *** W60 P40 *40 y^#Wsd the maximum percent age



of oil (0.48 per oent). These tvo oonbinaticme were highly 
significant over most of the other combinations. The percen
tage of oil due to application of fertilizers varied from 
0.37 to 0.48 on the fresh weight basis.

In an experiment conducted at Odakkaly to compare 
the performance of tvo varieties of palmarosa viz., 0DP-1 
and ODP-2, Hair et al. (1980 a) observed that the oil content 
of ODP-2 was 0.2Q per oent.

Pareek et al. (19Q1 a) reported from a study on the 
effect of NPK fertilisers on yield and quality of oil that 
the essential oil content was not influenced by the different 
levels of IT, or K^O and tho values recorded at 0, 40 and
00 kg IT/ha on dry weight basis wore 1.10, 1.00 and 1.10 per 
oent respootivoly. Tho valuos recorded at 0 and 40 kg 
P^O^/ha were 1.09 and 1.11 per oent respectively and those 
at 0 and 40 kg K^O/ha woro 1.11 and 1.10 per cant respectively.

31ngh ot al. (1981) reported that there woo no 
significant difference in oil oontant with diffarant levels 
of applioation of N (0, 50 and 100 kg/ha), Po0r (0, 40 and 
80 kg/ha) and K^O (0 and 40 kg/ha). The oil oontent with 
different levels of application of H, P and K varied from 
0.77 to 0*79 per oent, 0.77 to 0.80 per oent and from 0.78 to 
0.79 per oent respeotlvely on fTeeh weight basis.

Pareek et el* (1983 ) concluded from an experiment 
conducted et leeapur Re e ear oh Perm, Delhi that applioation
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of all ooeblnatlona of three levels of N (0, 40 and 80 kg/ha) 
and two levels of sod KgO (0 and 40 kg/ha) did not
affect the essential oil content*
Effeot of stage of harvest on the oil oontent

According to Lai (1935) the oil oontent of leaves of 
palmarosa ranges between 1 .22 and 1.30 per oent of the dry 
weight in the month of September and gradually rises to a 
marl non of 1,39 par oent by the middle of October when 
flowers appear. Thereafter it shows a gradual deolina till 
the end of November, v/lth a further advonoe in the season, 
by the beginning of March the oil oontent gradually foils to 
a mini mom of 0.77 per oent. Oil oontent of tho flowers 
reaches a maximum of 1.37 per cant (on dry weight) by the 
end of Ootober and then declines to a value of 0.53 per oent 
by the second week of Jonuaiy. Oil content of tho stems 
waa negligible being only 0.03 par oont (on dry voi^it) during 
tha month of Boptonbor. Prom Ootobor onwards, the stems 
thiakon and booomo tough. During tha parlod inmodiatoly 
pro a oiling maturity (third wool: of Ootobor to the ond of 
rTovembor) the oil oont ant in tha wholo plant rongoo from 0.15 
to 0.22 per oont on frosh weight basis end from 0.27 to 0.40 
par cent an dry weight basis. He roooransnded tho parlod 
from the fourth week of Ootobor to tho third week of 
lovombor as tho ideal maturity parlod and boot suited for 
harvest end distillation.
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Karlra and Bari (1966) found that the percentage of 
oil gb. eero moisture haeis at fall bio on stage in October wee 
1*50 in the 1/3rd top and 0.19 in the 2/3rd lover part of the 
plant, while in the late flowering stage about one month 
later it decreased to 0.63 end 0 .11 in the 1/3rd top and 
2/3rd lover portions respectively.

The eosenti&l oil ocntent of paltnorooa was highest 
daring the roproductive stage of growth end declined there
after (Ghooh end Chatter;} ee, 1976).

Pareek et al. (1981 b) noted that the uean eoaential 
oil oontant on frooh weight baois at the vegetative stege* 
ooamonoacent of flowering* bloon period with noet fiouuro 
open and the early needing and late d ceding at age o were 
0 . 45* 0 . 49* 0 .50* 0.50  ond 0.44 per cent respectively and the 
corresponding values on dry weight bnals were 1.25* 1*25* 
1.16* 1.14 and 1.04 per cent.

The Kerala Agricultural Univoroity hoc rocanmnded 
that palnarooo. grass should be harvested onn wool; after 
flowering when tho essential all contont roaches q maximum 
(Anon* 1902).

3todies conducted in the quantitative ahaigos in 
levels of essential oil in palnnrooa during different growth 
stagea showed that the oil content of tho plants at anthesis 
ymm appreciably higher (0.60 per cent) than before (0.52 
per oent) or at the fall flowering stage (0.44 per onl)



(ffaresh et al ■» 1982).
Oil oontant In different oortlone of the plant and their

Eakahit and Butt (1947) noticed that the oil oontent 
on dry weight basis varied within the following unitsi whole 
plant (before infloresoenoe appear) 0.13* to 1.2 1 per oenti 
flowering tope 0.70 to 0.98 per oent and lower portion of tha 
plant 0.39 to 0.61 per oent.

According to TTarion ond Das Gupta (1940) the oil 
content fron each portion on frooh weight bonis when distilled 
separately were ao follows, otolko 0.04 per centj leaves 0.32 
per cent aid floworo 1.71 per cent. Flowers were tho richest 
sourae of the oil.

Rao ot al. (1949) found that tho oil oontant on froah 
weight basis from tho whole plant was 0.1b por cent, flowering 
tope 0.52 par oent, loaves 0.20 per oant and stalks 0.12 
per oent.

Karim and Borl (1 96G) roportod that tho firot 1/3rd 
of the tops whioh inoludod infloraoaanao contained muoh moro 
oil than tha remaining 2/3rd portion of tho plant. Tho oil 
oontent in the 1/3rd top ranged from 0.63 to 1.62 per oent, 
while in the remaining 2/3rd it ranged from 0.11 to 0.37 
per oent on a fresh weight basis.

According to Ylrmani et si. (1967) ths oil oontent in 
ths whole plant varied fron 0.12 to 0.20 per osnt on fresh 
weight basis while ths flowers mid leaves contained ths 
maxima quantity of oil.
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Experiment* conducted at Bhubaneswar, Orissa rerealed 
that tha percentage of oil in the infloresoenoe varied from 
0.80 to 1.00 per oent, In the leaves it varied from 0.64 to 
0.86 per oent and that the stems contained only traces of 
the oil (Dutta and Sahoo, 1977).

Baaed on the studies conductod on the effect of 
fertilizers on yield, oil content and oil composition of 
palmarosa, Gupta et al. (1978) reported that the flowering 
shoots oontalned maximum oil content of 1.06 to 2.72 per cent 
and the leaves 0.08 to 1.18 per oent. It was also noted 
that the maximum oil contant in the leaves synchronised with 
the appearance of flower buds in the crop.

Alloe (1982) reported from a otixly conducted at AI1PK3, 
Qdakkoly that tho flower top reoorded the highest essential 
oil content of 0.87 per oent follov/od by the whole plant 
(0.35 per cent), tho 2/3rd top portion without the infloro- 
aosnoo (0.34 por cant) and 1/3rd bottom portion 0.18 per oent 
on fresh wol^it basis.

PTnrash at al. (1902) found that tho floworo of 
palmarosa had a comparatively higher oontent of essential 
oil (1.67 to 1.70 per oent) than tho loavos (1.07 to 1,10 
par oent) while tha stems hod only traooo. The leaf lamina 
had comparable essential oil oontent (1.50 per oent) while 
leaf sheath had only 0.62 per oent end these authors have 
suggested that only flowers and leaves oan be used fbr the 
extraction of oil.
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photo-period on tha essential oil oontant
Ghosh end Chat ter jee (1977) Btu&ied the effeot of 

photo-period on the growth, development and essential oil 
oontent of peimarosa in West Bengal and reported that the 
formation of essential oil increased appreciably upto 20 
photo inducing oyoles of long day treatments. In short-day 
treated plantB a decreooe in essential oil formation was 
notioed. Promotive effeoto of light on biogenesis of essential 
oil was also clear nnfl angumentation of essential oil forma
tion under long doy oandition waa aooompanied by lnoreased 
foliar growth and accumulation of dry matter. Ihey also 
observed that palmarooa pooGosoed ohoroctoristies of long 
day plants and that different inducivo cyoles of long days 
hastened flowering ond incroosod the reproductive growth.
Number of harvests as influenced by climatic conditions

The nunbor of harvests during an yoar was found to 
vary depending upon tho ollmatio aondltiona of the place of 
cultivation. Rao ot al. (1(J49) obtainod scrvon cuttings in 
two years In Malabar in Korala.

In ,Joat Africa, fturger 0950) normally obtained two 
harvests in an year, with a late rain an additional am oiler 
harvest oould be obtained.

Aooording to Singh (1950) palmar00a orop gave two 
cuttings in an year (July and Ootober - November) in Dshra 
Dun and Punjab.

Karlra sod Bari (1966) found that ths sasds sown la



nnroary in July* Bud seedlings transplanted in September* 
started flowering only in the middle of July in tho aeoond 
year and were in full bloom by the middle of Ootober.

Gupta (1972) noted that the plant usually flowers in 
September - Ootober in the first year and then during the 
next April aid again in September - Ootober in the subse
quent years. The orop wag ready for harvest between 10 and 
15 days of flowering.

In Burdwon, Went Bengal, Chosh and Chattoi’jee (1976) 
observed that ootia grccra yielded one harvcGt In tho firat 
year (Ootober) and two harveots (May and Ootober) from second 
year onward□.

Ilngarllca and Bora (1977) have re^orfcod that they made 
two harvoota in a year in an crrporlucnb cendue ted at 
Control Inotituto of liGdioinal end Aromatic lont.j, budcnow 
on tho off not of varying doncri of 1" an yield of onlnaroaa.

Under tho cllnatio conditions of Lucknow one crop 
oould bo taken during' October - I'ovanber Ln tl*e firot 
year, wheroao two to throe cuttings oould bo obtained in the 
subsequent yoara (Vlrmani ot al., 1977).

Gupta et al. (1000) liavo reported tlmt the iolciorooa 
growing in Madhya Pradesh and t'aharaahtra State forests 
was usually harvested only onoe in an year by the ond of 
Ootober or early November.

experiments conducted on the influanoo of variety 
cm the herbage yield* oil yiold and quality of oil of



25

pelmaroee at AMPBS, Odakkaly showed that for ODP-2 four 
harvest a could be obtained at the post blossom period in 
the first year of planting (Nair et al., 1900 a).

In another study on the influence of spaaing on the 
herbage and oil yields of another variety of palmarosa 0DP-1 
at AMPRS, Odakkaly two harvests were made in the first year 
and the number of harvests made in tho subsequent three years 
were respectively four, three and four (Hair et al., 1900 b).

Kanjilol et al. (1901) have reported that they 
harvested tlio crop thri.cc In the first year in an experiment 
conducted at the Regional Research laboratory, Jorhat, to 
ntudy the iiifluonoo of spacing end nature of planting 
materials on the yield of palmarosa.

Singh nt al. (1Q01) observed that under the aLjo- 
olinatie conditions of Jorhat, the cr\ v au harvested at 
four merit'ily intervals with three liaivjcts in an yonr.

Rxporlmento carried out at ART\S, Cdahhaly, shewed 
that six harveotB could be token during tho period from April 
1979 to April 1900 (Alice, 19U2).

Generally two cuttings nro mado during tho first year 
of planting. Prom second yocr onv/axdo three to flvo oat tings 
are possible under Kerala conditions (Arion., 1902). 
llflflfaffiljrtjar-.of esssntlsl oils
g lfljy n tk s ilji o f Donotinxm oB

The biosynthesis of monotorpaneo appears to be entirely 
bemad on the pet tern of biosynthesis hypothet 1 aelly rationalised
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m  the basis of tha known ohsmical structure and react ions 
wall before any biochemical studies were available (Roaicka,
1953).

The latest findings an biosynthesis of manoterpenes 
have been excellently reviewed by Akhila and ITigem (1983) 
wherein they have pointed out that some of the work on mono- 
terpene biosynthesis waa invalidated by faulty experimental 
techniques os radiochemically impure biosynthetic products 
wero used which wore later separated by GLC or by TLC.
How aver no attempt was mado to purify them. Over the last 
hundred years iooprone (I) ban been identified ao the product 
of thermal deconpocition of fragrant and natural compounds 
of lev molecular weight. According to ciLcicka (11370 the 
vast majority of nonoterpanoo tire formed by "heau-to-tail" 
linkage of icoprcno unite and this Idea \;ao encapsulated in 
what is called tho inoprenc rule. The jropueed pnthi-r’yn 
of Ruzicka lias been confirmed by labor work. Tho actual 
rooctonto may be i*yrophosphite enbero, glyoouidea or protoin 
bondod apccleo. Linonr ooubinatijn of ieourenc units oocuro 
to give geroniol (II) ( »  I so, mtenyl pyrophosphate (IPP), 
gsranyl pyrophosphate (GJ’P) oto. aro involved in the
synthesis. 3 turtles have been oarrial uut with labelled 
pro curs or a and ths monoterpanoa (of all tho main tj poo) 
have boon degraded to elucidate tho position of the label. 
This pattern of work o on firms ths brood correctness of 
Rusioka's hypothesis.
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Tha stadia a an ths formation of ieothnjana, geraniol 
and nerol in Tanaoatom vulgare hare shown that GPP is first 
converted into neryl pyrophosphate (NPP) end then into 
cyolia terpenes. The interoanversion of geraniol and nerol 
oocurs Tia a redox process involving dephosphorylation and 
stereospeoifio oxidation to the corresponding aldehydes 
(Banthorpe et al., 1978a, b) •
Pattern of easentlal oil formation in C.vmbo-pogans

Acaording to Pridham (1967), certain oonpounds like 
sugars and aninoaoido are oapable of being translocated into 
the Beoretary cells which produoe the mono terpenes. He has 
shown that aninoaoido like alanine, valine etc. are the 
possible precursors of nonotermine biosynthesis in plants.
It has boon also olained tliab th reouroors of eesontial 
oils oould be obtained through cl-c.̂ vaa(ation of oarbohydrates 
end proteins.

Ghosh and Chattorjae (1976) raported that the 
essential oil oontant of CymbopoKon floxuoaus and 
Cymbopogon martini wore moot pronounced during the 
reproductive stage of devolojunont whiah deolined tliereafter. 
Total nitrogen and protein nitrogen oont onto inoreaaed 
appreciably during pre-reproduotive stage of both tha ipeaiii 
and this trend, continued during the poet reproductive stage 
of the plonte. On the contrary total nitrogen and pro tain 
nitrogen daoreaead during tha raproduotiva at age, whoraoa 
aolubla nitrogen inereaeed appreciably during thia period In
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tooth tho epeoies. Daring tho reproductive stage decomposi
tion. of protein may ooour sod tho decomposed product a may 
serve as substrates 2br essential oil formation. Decrease 
in total nitrogen and protein nitrogen oan be justified by 
an increase of soluble nitrogen during this period. However, 
during the pre-reproduotive stage, a greater demand of total 
and protein nitrogen for enhanced growth rate may result 
In a comparatively lesser degree of essential oil synthesis. 
During post reproductive stage, as oeneooence approaches, 
the nutrients are mobilized into developing fruits, whioh 
are likely fyo disturb the relationship between the decrease 
in total nitrogen and protoin nitrogen and increase in 
ossential oil oontento.
Phyalco-ohemloal properties ot' the oil 
ghyBioo-ahenioal -properties of tho palmarooa oil

The earliest raoearch on the ohonioal composition 
of palnarosa oil derived from the true Cymbopogon martini 
'•jtapf var. notia wan oarriod out by Jaoobson (1Q71) who 
identified an aloohol C^qIÎ qO ao tho main constituent for 
whioh he assigned tho nemo goraniol. Later Clammier (1600) 
confirmed the validity of tha formula C10H1Q0 and found 
that this tarpane aloohol belongs to the aliphatic series.

Tha preaanoa of the following components in palma- 
roaa oil has bean reported by Quenther ( 1950) and attributed 
to dlffsrant workara.

Oitral, Oaranyl acetate, Linanma, Fsmeaol,
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Citrcnellal, Methyl heptanone, Formaldehyde# Dipentene# 
Isovaleraldehyde, Geranyl-n-Caproate •

About 3 to 15 per oent of geraniol present in Indian 
pelmarosa oil is in the form of acetio and n-oaproio esters.

He has farther reported that geraniol is a colourless 
oil# possessing an agreeable rose like odour with the 
following physical properties.

Density - d 16^ 0.BB12

Optical rotation - oGd ± 0*
Refractive indox - a 20^ 1.4766
Guenther has aloo reported that gcranyl ocotate 

whioh is tho other oajor ooaponcnt of palmerosa oil io a 
oolourlees liquid, poonooQing a ^laonant fruity odour 
reninioccnt of rooo with tho following phyoicol properties. 

Density - d 15 J.9'163

Aooording to Nahnoy (1fJ73) tho oompoaition of Indian 
palnnrooa oil io given below 1

Refractivo index
4

n 20 1.4055

Cona.tUuantn l’orotmtarta
0.07
0 .2 6

Myroene
Llmonene
Ooimane
Terpinm 0.35

0.11

Methyl haptenone
Linalool 0.39

Trace

Ceryophyllene 0.35
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Neral 0*24
Gersnyl acetate 6.65
Nerol 0.33
Geroniol 68*37
Caryophyllene oxide Trace
On Gas liquid chroma to graphic analysis, Mohammed 

cL at* (19Q1 ) found that the peak number of the 
constituents of palmarosa oil, their relative retention 
tine and quantity are as followsi

Constituents Peal:
Ho.

Relative
retentiontine

Per cen
uei^it/
u eight

Linoncno 1 C .20 0.1
P-cynsne OL. 0.29 0.1
Methyl hoptcnono 3 0.29 0.1
2-Mononol 4 0 .40 0.1
Liiu-lool 3 0 .40 2.4
Cltranollol 6 0 .40 b .4
Mamouana 7 0.57 0.6
 ̂ Torpinool G 0 .64 1.0
n Ifurmlanoi 0.74 0.6
M Torpinool 10 0.(34 0.4
Gomniol 11 1 .00 G1.7
Geranyl aootate 12 1.77 5.7
Fameeol 13 2.20 0.4

On analysing 12 oonpleo of oil they found that tha 
garaniol oontant varied from 6 3 .0 to B4.9 par oent and 
garnyl acetate varlid from 6.4 to 13*0 par oent. Ooma of 
tha ocnatltuante auoh aa limonane, P-oyasne, methyl
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hep ten one y 2-nananol, famesene J3-terpineol, p-hmmlene, 
oC -terpineol, famesol etc. were absent in pertain samples. 
They have also reported that apart from determining the 
major constituents, the presence of the trace constituents 
like limonene, P-oymene, methyl heptenone, 2-nonalol, 
linalool, citranellol, famesene, jB-terpineol, hunrulene, 
cL, terpineol and famesol were also established, which are of 
great significance in determining the real note, of the 
Indian variety of palmarosa oil.
Role of physical and chemical methods in the analysis of 
essential oils

Thappa et al. (1962) were of the opinion that no 
single method for the evaluation of essential oils con be 
relied upon. All the annlytical/chemicnl/spedtroscopic 
methods have their advantages as well as disadvantages. 
Therefore, a suitable combination, of the techniques should 
be utilised for roproduoible results.
flas Liquid Chromatograph!o analysis compared bo cheirH oal analysis'

Alioe (1962) roportod that tho values obtained for 
geranlol (froo aloohol) and gornnyl ooctnto (eotor content) 
by GrLC analysis were in conformity with the values obtained 
by the chemical method. However GLC analysis reoorded a 
■lightly low value with regard to the goraniol and 
geranyl acetate oontants.
iai iBgQlfloaUon for pqlnarosa oil

The Indian Standards Institution specifications for
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Indian peloaroM oil (Anon., 196Q) aro aa follows 1
Colour
Odour

Specific gravity at 30*C
Optioal rotation
Refractive index at 
30*C
Aoid value 
Ester vnluo

Saponification value 
after aoetylation
Total alcohol 
calculated aa geraniol
Solubility

* Light yellow to yellow
- Rosaceous with a characteristic 

grassy background
- 0.8740 to 0.8360

- - 2* to +y
- 1.4690 to 1.4735

- Maxi m m  3

- 9 to 36 (gercnyl acetate 3-1 to
12.5 per cent)

- 266 to 284

- Minimum 90 per cent

Solublo in 2 volume o of 70 per 
cant alcohol.

Influonoo of nutrionto on pHyaloo-ohomlonl proportioo of

Hazarika et al. (1970) found that out of tho 16 NIK 
combinations triod in tho experiment on the yield and 
quality of palmarooa oil at Jorhnt, Aooom liighor geraniol 
containing oil (75.4 per oent) waa obtained by applying 
Hf P and K at 120i0i40 kg/ha. However, tho oil yield for 
the aforesaid fertiliser combination waa low. In viaw of 
thia they considered tha NPK combination whloh recorded the 
maximum oil yield and fairly high geraniol oontent (74.8 

par oent) to be tha optimum doe# to gat tha highest yield 
of good quality oil. Thia combination wee
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The percentage of geraniol with fertilizer applications 
varied over a vide range from 66.1 to 75 .4•

Pareek et al. (1981 a) reported that the quality 
of oil, in general, was neither improved nor deteriorated 
by N, P and K treatments either when applied singly or in 
combination. Aooording to them, the specific gravity of 
the oil at 30*C varied from 0.8645 to 0.6914;optical 
rotation ranged from +0.04’ to +0.54’, acid value from 
0.7 to 6.6. The variation in the contents of geraniol, 
geranyl acetate and total alcohol calculated as geraniol 
ware from 78.8 to 92.7, 4.5 to 14.1 and from 86.5 to 99-9 
per cent respectively.

Singh et al. (19Q1) observed from a study conducted 
on the ITPK requirements of palnerooa under the agroclimatic 
conditions of Jorhat that though I' iiDd no significant 
effect on goraniol, application of P and K brought about 
a positive oignlfioont difference in geraniol over control. 
The geraniol oontent with different levels of application 
of N, P and K varied from 64.1 to 65.0, 62.9 to 65.5 and 
from 63.8 to 65.1 per cent respectively. The geraniol 
oontant reoorded at higher levels of P and K were respec
tively 65.5 and 65.1 per oent.

Aooording to Munai and Mukerjee (1982) the total
alcohol oontent of oil obtained had been influenced by
R and P. A gradual lnoreaae in total aloohol oontant had
baan obaarvad with auooaaaiTsly inoreaaed doses. Applloa- 
tion of H and P„0. 60 k« •1,0(1 Vr/bm r.oardad th.
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highest geranlol oontent of 90.5 se against 90.3 per oont 
in the ocntrol.
Effect of stage of harvest npa different portions of the 
plant an nhyeloo-oheniloal properties of the oil

Lai (1935) reported that stalks and flowers yield an 
oil of subnormal quality.

According to Karira and Beri (1966) the quality of 
oil obtained at the flowering otage waa better than that 
obtained at the late flowering at age. The density of the 
oil of the 1/3rd top and 2/3rd bottom of the flowering 
otogo at pO'C rongod from 0.8787 to 0.9017 and from 0.873G 
to 0.6997 reopectively. The correaponding figures at the 
late flowering otogo ranged from 0.8787 to 0.3977 and from 
0.8777 to 0.8977. Refractive index of the oil obtolned from 
the late flowering atago waa iiigiier than that obtained from 
the flcwering stage. The values ox the 1/3rd top and 2/3rd 
bottom at tho flowering otoge ranged from 1.467 to 1.460 

and from 1.470 to 1.470 roopootlvoly and thooo at tho late 
flowering stage ranged from 1 .474 to 1.47b and from 1.476 

to 1.402 respeotlvoly. Rofraotlve index of the oil of tha 
2/3rd bottom portion of the plant was highor than that at 
the 1/3rd top In both tha flowering and late flowering 
stages. Acid value of the oil obtained from the 1/3rd top 
was higher than that of the 2/3rd bottom portion in both 
the flowering end late flowering stages. The aoid value of 
the oil obtained at tha flowering stage from tha 1/3rd top
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end 2/3rd bottom portions of the plait ranged from 1.0 to
4.5 and from 0.5 to 3*2 respectively. The corresponding 
figures at the lata flowering stage ranged from 1.5 to
4.5 and from 1.0 to 4.0. Saponification value after 
aoetylation of the oil decreased in the late flowering 
stage. The valueb recorded in the flowering stage by the 
1/3rd top and 2/3rd bottom portion varied from 244.0 to
265.4 and from 241.8 to 279*1 roopectively. The corres
ponding values at the late flowering stage ranged from
219.1 to 259.9 and fron 213.0 to 230.1. The total aloohol 
oontont of the oil decreased in the late flowering stage 
and the values obtained in the flowering stage for the 1/3rd 
top and 2/3rd bottom portiono of tho plant ranged from 62.2 
to 98.3 per cent and from 61.1 to ^5.7 por oent rospeotivoly 
and the corresponding figures at tho lato flowering stage 
ware 72.0 to 87.7 por oent and 69.7 to 79*6 por cent. 
Geraniol oontont was higher in the flowering stage than in 
the late floworing otoga. Howovor* the ootor content 
decreased in the lato floworing otngo.

Yirmani et al. (1967) reported from the etudies 
oonduoted at Haldwani that the refractive index of oil 
decreased es the duration of harvest increased from 12-14  

to 60 weeks. Ths values varied from 1.4674 to 1.4608.
Specif io gravity of oil deoraaaed upto 20 weeks. Values 
recorded at 12-14* 20* 36 «>d 60 weeke were 0.8795* 0.8770* 
0.8811 end 0.8812 respectively. Optioal rotation of the



oil reoorded at 12-14* 20* 36 and 60 veeke Intervale were 
-1.0*t *3*0#» -1«1* «nd -0.2* respectively. Aoid values for 
tha corresponding periods were 0.44* 1*54* 0.56 and 0.43* 
Saponification values of unaoetylated oil reoorded at 12-14* 
20* 36 and 60 veeke were 58.9* 44*1* 46.7 end 50.8 respec
tively. Saponification value after ocetylation shoved no 
definite trend and the values recorded at the above intervals 
were 266.6* 273.2* 262.2 and 277.2 respectively. Ester 
content aa geranyl aoetata decreased os the interval between 
harvesto increased from 12 -14 weeks (20.4 per cent) to 20 

weeks (15.4 per cent) ond then increased at 56 ond 60 weeks 
(16.3 and 17.7 per cent respectively). Free alcohol oontent 
cf oil also increased from 12-14 (30.4 per cant) to 20 weeks
036.4 per cant) and then dcorcascd to 76.2 per cent at 60

weeks •
Gupta et al. (1978) roportcd that a higher percentage

of free alcohol calculated as geraniol was observed in the
oil of leaves ao oomporod to tho oxoluoivoly flower crop 
end oompooito flowor and loaf crop. Tho oil of leaves was 
stated to possess tho beot odour with good fruity smell and 
least terpanio note* while the oil of flower contained 
terpenio note on aooount of higher aster content In the oil 
end was given a lower renk for perfumery purpose. The 
physioo-oheaioal proi«rtiee reported by the above workers 
for oil of leaves were speoifio gravity 0.8739* refractive 
index 1.4723* optical rotation *0.40** geranyl acetate



14-6 * 21.9 per cent, free aloohol 72.0 to 73*0 per oent 
and total aloohol 69*2 to 91.4 per oent. For tha oil of 
flower they obtained a speoiflo gravity 0.0785* refractive 
index 1 .4709* optical rotation *0.50** geranyl acetate 
23.3 to 38.3 per oent* fXee aloohol 30.0 to62.8 per cant end 
total aloohol 80.3 to 05.9 per oent.

Based on the experiment a conducted at AMPRS,
Odakkaly* Nair et al. (1980 a) reported that the speoifio 
gravity of the oil at full flowering stage of ODP-2 was 
0.8823, optioal rotation O’, refractive index 1.4692, 
geranyl aootate 16.3 per oent end total alooholB calculated 
as geraniol 92.3 per oont. They have also reported that 
the plants woro distilled after the full flowering stage 
of tho orop and that thio nny bo the reaaon for the high 
ooter valuo. Bat thoy load aloo noted that variety 0D1--2 
flowered oarlior than ODP-1 and at the tine of harvest, 
the hnrvootcd matorial fron ODP-2 oontained nora of tho 
inflorasaenoe• Though roportod litaraturo generally is in 
favour of higher ester oontent for oil from harvcoto 
containing infloroooenoe, tha rovoroo was observed in the 
present study. This might be due to varietal character.

In a study oonduoted on the qusntitatlvo ohangss 
induced by low dose gamma irradiation in essential oil 
of palmerosa* Gupta et al. (1901) fomd that tha density 
at 30*0 of oil from leaves varied from 0.0910 bo 0.9036
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*nA that of inflorescence varied fron 0.6879 to 0.9013* 
Refractive ini ex at 30*0 of oil obtainod from loaroa varied 
from 1.4728 to 1.4734 and that of oil obtainod from 
inflorescence varied from 1.4721 to 1.4726. Acid value of 
oil TtqUl leaves arid infloresoenoe varied from 1.39 to 3*82 
and from 2.77 to 6.63 respectively. Geraniol content of 
the oil of leaves and inflorescence varied from 69.4 to 77.5 
per oent and from 64.0 to 73-0 per cent respectively.
Total aloohol of oil of loaveo and Inflorescence ranged from 
73*9 to 03.2 per oent and from 68.1 to 79.2 per cent.
Geranyl acetate of the oil of leaves end Inflorescence 
varied from 5.7 to 0.5 por oent, and from 5.1 to 9.2 per 
cent rcspootlvoly.

Parcel: ot al. (1QQ1 b) reported that tho specific 
gravity of oil woo lowest at tho vegetative phase (0.8722) 
and highest at tho oommonocnent of flowering (0.9030) and 
it showed a downward trend from oommenoemont of flowering 
to lato seeding stage (0.6821), Optical rotation of tha 
oil also inoroaood from vogotativo iihase (-*0.43) to the 
oonmenoenant of flowering (0.52) and thereafter it 
deoreased. Refractive index of the oil waa lowest at ths 
vsgetatire stags (1 .4676) and in all other stages it was 
higher and ths values at aonmsnoemant of floworing, fall 
bloom stage, and ths sarly saading and lab a seeding stages 
vara 1.4723# 1.4731# 1.4727 and 1.4724 respsotlvsly.
As Id value of ths oil showed no dofJLnito trend either to



lnoreaae or decrease with lnoreaae in the intervale of 
harvest sad tha values reoorded varied from 3*5 to 6.2 .
Tha highest valna for geranyl acetate was reoorded at 
eoauenoement of flowering (21*3 per oent) and it decreased 
progressively to 6.3 par oent at the late seeding stage. 
Geraniol oontent first deoreased from 72.9 per oont at 
vegetative phase to 70.6 per oont at oomanoemant of flower
ing and thereof tor it increased progressively to 87-5 per 
cent at late Deeding stage. Concentration of torpeneB and 
linalool also uas hi ghost at tho o onnonc ooent of flowering. 
In all other stagos it roaoi\lQd a lower valuo. Evaluation 
of the oil oamploo for odour shewed that the oil at early 
seod formation stags woo boot in quality, with a rosaceous 
groan odour. It has boon observed that tho oil will 
posse so on undooirablo noto whan the higher tarpanic and 
geranyl os tor io accompanied by a low pereantoge of geraniol. 
Therefore, it io neooosnry that the oil should havo low 
tarpanic and oater portions and high gornniol oontant for 
good odour value and oanaaquant superiority in quality.

From on experiment conducted to find out tha 
infhunoe of different portions of palmnrosa plant nnnoly 
tha infloreaosnoe, 2/3rd top and 1/3rd bottom portions of 
ths plant after removing tha lnflorosaenoe and tha whole 
plant on tha quantity and quality of oil at tha AKPRS, 
Qdakkaly (Alias* 1982) obaarvad that spaoiflo gravity of 
oil of tha infloraaoenoa* 2/3rd top, 1/3rd bottom and whola
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plmt were 0.8876, 0.8864, 0.8857 and 0.8867 respectively• 
Optical rotation, of the oil van 0.3* irrespective of tha 
treatment tried in the study. Refractive index of the oil 
obtained from different portions showed significant varia
tion. The lowest value was reoorded by the flower top 
(1.4701) and it was not significantly different from that 
of the whole plant (1.4702). The maxi mum value was reoorded 
by the 1/3rd bottom portion (1.47C5) end it was on par with 
the 2/3rd top (1.4704). An regards the solubility of the 
oil obtained from different -Dortiona of tho nlnnt there was* « m *

no significant difference between the treatments. Oil 
obtained from different port lone of the plont showed acid 
values of significant variation. The lowest value was 
reoardod with tho whole plant (2 .7 6) ond it wao on par with 
that of the 1/3rd bottom portion (2.07). Thero was no 
significant difference between flowor top (3.40) and 2/3rd 
top (3.23). How over, they varied significantly from the 
whole plant nnd 1/3rd bottom portion of tho plant. Ester 
value followed the nano trend 03 that of the onponifioation 
valua for unaoetylabod oil. Tho lowent vnluo for ooter 
content vcs reoorded by 1 /3rd bottom (1 7 . 0  per oent) followed 
by 2/3rd top (18.1 jjsr oent) wholo plant (21.4 par oent) 
and tha flowor top (21.5 per oent). The saponification 
Talua after acetylatlon of oil olao showed significant 
variation among treatments• The highest value was reoordsd



with ths 2/3rd top portion (273*6) followed by whole 
plait (271.6), 1/3rd bottom portion (270*0) end the flower 
top (264*2) • The treatments differed Bignlfiosatly with 
regard to the free aloohol oontent of the oil and the 
2/3rd top portion ranked first with a value of 76*8 per 
oent followed by 75*6 per oent for the 1/3rd bottom, 72*7 
per oent for the whole plant and 69.7 per oent for the 
flower top* Combined aloohol alao showed significant 
variation with varying treatments and the flower top 
topped the 1 1 at with a value of 16.9 per cent oloaely 
followed by tho whole plant (16.0 per cont). Though there 
was no significant difforoncG between tho coabined aloohol 
oontent of oil obtainod fron the flower top and the whole 
plant they varied oignifioontly fron other treatments and 
the values raoorded with the 2/3rd top and 1 /3rd bottom 
portions wore 15.5 and 15.1 per oent, respectively. Total 
aloohol oontont showed significant variation. Tho highest 
percent ago waa rooordod with the 2/3rd top (91.0 per oent) 
and the lowest with tho flower top (06.6 per oent). '.'hole 
plant (09.4 per oent) ond 1/3rd bottom portion (06*3 per 
oent) were on par.
Effect of vfithod of axteaotlon of oil and aoll and ollaat.
on ths dualA W  of oli
Eflfifl.1t A? method Qf extroeUon of tho oil

According to Guenther (1950) tha ester oontant of 
Indian palmaroaa oil is low ond this may partly be due to
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tha hydrolysis of eaters taking place hy the orude methods 
employed for distillmtian of the herbage by the f a r m e r s .

He has also reported that the oil produoed in Java from 
introduced Indian grass was different from the usual 
commercial oil produoed in India itself. Javanese oil 
oontained a much higher ester oontent. He attributed this 
to both differences in the environment under vhioh the 
grasses were grown end superior end oleaner methods of 
distillation followed in Java.
Effeot of soil and olimnte

The ester value is usually reported to be high for
JLsummer harvest in May-June (Anon., i960).

Analysis of eooontial oil of palmarooa fron 
different traoto in llahnraohtra ond Madhya iradeoh woo 
oarried cmt by Gupta ot al. (19130). They found that the 
oil showed much variability with rogrrd to their goroniol 
and goranyl aootato oontento, ond tho tract having a oooler 
ollmato at harvost timo producod oil of suporior quality. 
They oonoludod that palmar ooa grass yielding more herbage 
with hinder oil oontent of suporior quality 00our in 
forsst ranges where soil ia comparatively medium in texture, 
rich in nutrimts and olimate is cool at harvoat time.
They also found that ths oil from these tracts showed muoh 
variability with regard to their physical mod ohsmioal 
pro par ties. Tha ranges obtained in the physical properties 
wars* speoifio gravity 0.0702 to 0.9174# refrootivs Index
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1.4712 to 1.47671 optical potation -0.05* to *0.60*1 

linalool 1.0 - 5*1 par oanti geranyl aoetate 2.0 - 24.5 
par oont and geraniol 59*6 - 93.4 per oent.
Tha mineral nutrition of plant a

of different levels of nitrogen. TJhoanhorua and potaflfllm on nutrient oontent a and uptake by ualmorooa,
Chandra (1976) found that palmarosa grown in saline 

alkaline soilo, contained Na, Ca and K at 1.2t 0.6 and 0.6 
per cant, respectively.

Kunsi ond Mukhorjee (1902) reported higher accunni- 
lation of II in planto grown under increased levels of N 
and P. The maximum concentration of II was noted in plants 
treated with the highest lcsvol of both II and P . The 
effect of II waa moro pronounced than that of P. Nitrogen 
concentration inoroaoed from 1.49 in the control bo 2.09 

per oent in tho highest level Gf II tried i.e. N^q .
Incroaced lervolo of N incroaaod the oontent of P and K also. 
Phosphorus oontent of plonta aloo incroaood progressively 
with lnoroaso in larvolo of 1J and P. Tho P oontent of 
plants varied from 0.167 to 0.221 par oont. Potaeiiua 
oontent was also markedly influenced by N and P and its 
concentration lnoroaned with inoroase in the lava la of both 
II and P. The naxiuM assimilation of K was observed under
the treatment Hqq Pqq and ite oontent varied from 1.94 to 
2.06 per oent.

Pareek et al. (1963) found that applioation of K



at 40 kg/ha increased ths oantanta of K, Ca, Mg,and Mn 
sod Zn in the palmarosa orop by 5-4» 11*3* 6.7, 3.3, 3*3 
sod 10.3 psr oent respectively over control, but ths 
results vere statistically significant only for K, Mg, Mn
and Zn. Th* oontent a of P and S were not affeoted by N 
applications. On increasing the level of N to 80 kg/ha, 
there was a relative decrease in the percentage of the 
listed elements but tha difference was not significant 
between the two IT levelo. Application of *2^5 0ru* ^2^ Qa°k 
at 40 kg/ho. did not bring about any significant ohenge in 
nutrient cantento and the uptake of the nutrients by the 
palnaroon crop, Out increase in tha levelo of ^2^5 anî  

increased slightly the Ca end Mg contents. The mean 
values recorded for II, M, K, Ca, Ilg and 8 wore 0.2a, 0.07, 
0.66, 0.33, 0.17 and 0.19 l>or cent respectively and tho 
contents of Mn and Zn wore 8c.0 and 3*08 ppm respectively. 
Application of 40 kg TT/lia resulted in significantly higher 
uptake of N, P, K, Ca, Mg, 3# Mn and Zn by 35.3, 24.6, 42.0, 
36.9, 35.4, 28.2, 31.3 and 14.8 por a ant respectively over 
control, nifijhor levels of M at 80 kg/lin though showed a 
higher uptake value no compared to oontrol but in comparison 
with 40 kg ths diffsrenoe between the K levels was statis- 
tioally not slgnifioant. Application of PgO^ and KgO oaoh 
st 40 kg/ha did not bring about any change in the uptake 
of nutrints by ths pslasrosa orop. These authors have

44
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reported that tha uptake of E is sizeable and it
increased with lnoreaae in tha herbage yield. An average
production of 108 q/ha of dry grasa (obtained in one of the
three harvests) containing 1 *0 par oent essential oil
removed 31*6# 7*4 and 75*0 kg of N, P, K, 34.8, 20.6 and
20.6 kg of Ca9 Mg and S and 0.9 ond 0.034 kg per hao tare of
Hn and Zn respectively from modlun fertilo soil.

feet of different /growth atarco on nutrient oontent a of 
palmar oaa

Anjali (1982) reported that the NPK cant ant of 
paliaa.rosa waa high at young and immature stages and decreaoed
with increasing maturity, aa tho moiature percentage 
decreased. The nitrogen oontent of very young leaves, young 
leaves, mature loaves, old leavea, stems and roota with 
rhizomes wore 2.50, 2.00, 1.00, 1.07, 1.67 and 1.20 par oent 
respectively on moisturo free bnois.

Potassium oontent of thoso plant ixirts wore 1.6, 1.3, 
0.88, 0.60, 1.22 and 0.20 per oont, respectively on dry 
weight basis. The corresponding P and Ca percentages woro 
respectively 0.25, 0.22, 0.20, 0.12, 0.20, 0.05 and 1.3, 0.4,
0.0, 1.26, 0.30 ond 0.10.

UPoifl.r.poo
Based on the experiments oonduoted at Bangalore 
tranella. another eeeentlal oil yieldimz orou o

nojxm
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CVbooogpp suedes Bonmegovda (1976) reported that 
increase in the lerele of N applioation from 75 to 150 
kg/ha/harrest increased the N uptake by the plants in each 
harvest and that this increase vas directly related to the 
total herbage and per oent composition of N in the herbage. 
Increase in the levels of N did not inoroase the P oontent 
in the plant, but the uptake of P increased significantiy 
and this was mainly duo to the Increased herbage yield 
through U nutrition. Similarly increase in the levels of 
N application did not Increase tho K oontent in the plant, 
but the total uptake increased significantly from 352 to 
532 kg/lia in fivo harvest s.

’.'ith Inoraaoo in tho levels of KgO from 42 to 82 
kg/ha/harvcot the por oont composition of II In the herbage 
increased slightly in all Iiarvauta but nut significantly•
The up taka valuoo also showed no significant difference, 
euo to inoraaoo in the lovola of KgO tho por cent composi
tion of 3?2̂ 5 ^  Ĵ arbogo as well as its uptake did not 
vary• Likewise, tho KgO par oent in the herbage and its 
uptake did not vary with the lavela of K. He has also 
reportsd that a Java oibronella orop producing 5 to 7 tonnes 
of dry natter per harvest removed 40 to 70 kg II, 15 to 35 kg 
*2^5 60 to 140 kg KgO per heotare in eaoh harvest.

Based oa an experiment oonduoted at AMPR9, Odakkaly 
Bajsn (1902) reported that lnoreaae in N levels increased 
tha W oontsnt of lencngreee, (jyafrosoann flsxuoeus. There
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w i  a d•creaming trend in tha P oontant with high*? levels 
of I0 bat the K oontent warn not effected by W treatment.

nr jwterval of harvest a on nitrogen. nhogphoiM> potassium. calcium and magnesium oontenta of fodder grasses
Widening the interval between harvests was found to 

decrease the percentages of N, P, Kf Ca and Mg in guinea 
and hybrid napier grasses (Vicente-Chandlert 1959)•
Vilaipol (1967) concluded that decreased cutting frequency 
reduced tho contente of P and Ca in hybrid napier. 
Kothandurcmn ot al. (1975) reported docrenso in the P and 
K oontonto and on increase in Ca and Mg oontenta of guinea 
graoc when the cutting interval was inoronsed fron 30 to 
60 days.

Thomas (197*3) also roportod decreases in II, 1, K 
and Ca contentn of guinea and hybrid napier grasses with 
incroaso in cutting intervals xrou 30 to 45 days.

A olmilar finding of decrease of nltrogan with 
inoroaoo in tho cutting interval has been reported by 
Kanodia ot al. (1IJ81) for dhawlu ipenna.
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MATERIALS AND METHODS

Field experiments
A major field experiment was oonduoted in ths 

Aromatio end Medicinal Plants Research Station, Odekkaly 
during 1980— *82. In this experiment the growth and yield 
oharaotero of palmarosa and ito cooposition as well aa the 
quality parameters of the oil for various treatments were 
studied in detail. The experiment was continued for another 
two years during 1982-'04 restricting the observations to 
the major parameters viz., yiold of herbage and oil. Based 
on the reoulto of the major experiment on observation trial 
was also oonduoted during 1983” '84 with oven longer cutting 
intervals to arrivo at the moot suitable interval for 
harvests.

All theso field studies wero oonduoted in tho AILLTvS, 
Odakkaly, Kerala Agricultural University during tho period 
from 1900 to 1984. The Station io situated at an olovntian 
of 66 q above I43L with on average annual rainfall of 3^00 ran 
with around 160 rainy days in an yoar.

Ths fisld studies ore described under three sections 
namely tha main field experiment, tha observations made an 
tha fisld experiment beyond the originally contemplated 
experimental period of two years and tha observation trial 
oonduotsd to vsrify and confirm tha results of tha main 
flald experiment.



plate 1 . "A CROP OF PAL’ AROSA"
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experiment
Tha alto aeleoted for the Bain field experinent waa 

cultivated with a hulk orop of paloaroaa from 19 7 3 onward a 
wherein only recycling of organic matter in the fbrm of 
epent grass had been resorted to as port of the manuring 
schedule.
Soil analysis

experimental
loam with the following mec

Mechanical composition 
Coarse sand 
Fine sand 
Slit 
Clay

Chemical charaotorlotlca
Total IT
Total
Total KgO
Total 0&0

Total HgO
Available ?T
Available
Available KgO
pH (SoiliWater ratio 

1i2.3)

23.6 par cent 
20.2 ,,
20.2 fl 
34.0 ,,

0.102 por cant
0.002 • i
0.212 fp

0.2 0 0  t f

0.005 i»
206 kg/ha
15.11 kg/ha
174.24
3.9

* f

experiment



end ocntlxmsd opto March 1982* The meteorological data 
for the abore period are presented in Appendix I •
Planting astarlale

Seedlings of an improved variety of palmaroea grass 
developed at the Central Institute of Medicinal and Aromatic 
Plants, Halduani was used for the present investigation.
This variety has been found to come up well under the 
agroolimatic conditions of Kerala and it has been released 
as a variety from this station under the name ODr-2. Seeds 
were sown in tho nuraory on the 4th ilay, 19BO and 69 to 72 
day old oeedlinga uerc uoed for transplanting in tho main 
fiold.
TxTrerincntc.1 dot alio

Tho treatments consisted of bhreo levelo eaoh of 
N, P and I. and six intcrvala of harvest C '/ and their 
combinations thoroof. Tho dcoign woo 3^x6 confounded 
aaymnotrioal factorial in 10 plot blocko in single repli
cation for the four footora, 17, .V, K and II. Doing an 
aaymmetriaal footorial, the blook oontonts wore dotormined 
by converting into a symmetrical factorial experiment by 
introducing two pseudo faotore X^ and with rospoat to 
M and than omitting the unwanted treatment combinations 
used to design the experiment. The oonfounded effsots 
wars NPK2, NX3I2, NF2H and £TO. The treatment d at alia ware 
as given be low i

1
■V.

* 0



“1 i 25 kg N/ha/yeor

H t 50 • »

“5 i 75 9 9

Levela of phosphorus

»i i 25 kg PgOj/ha/year

Ps t 50 1 »
*3 i 75 » 9

Lovolo of potoooima

ki i 25 kg KgO/ha/ycor

* 2 s 50 f 1

k3 i 75 9 i

Intorvalo of horvoot
h 1 Ilarvcatiiitf ab 35 - 40 dayn liitorval

*2 1 t 9 4 0 - 4 5 9 9

1 • 9 45 - 50 9 9

hA 1 9 9 50 - 55 9 9

*5 1 9 9 55 - 00 9 9

*6 1 9 9 60 - 65 9 9

If , P and K levela ware fixed baaed an the reeponeea 
obtained by the crop sleewhere in the oountry.

the oil produoed at AHPBBV Odekkaly from the orop 
harveeted at foil flowering etage ueually oontained a 
high** aoetate oontent abore the liaite fixed by the Indlm
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3tandarda Institution. Several workers hare reported that 
tbs soetate oontont of the leaves harvested at the tine of 
flowering are low compered to that of the lnfloreeoenoe. 
Hence the harvest treatments wore fixed with a decreased 
number of days between harvests with a minimum of 35-40 days 
and a maximum of 6 0 -6 3 days when the orop will be at full 
flowering stage.

Treatment combinations
1 . “1 P1 k1 19. n1 p2 *1 57. ni **3 k1 *1
2. **1 p1 k1 **2 20. n1 p2 k1 36. “i p3 k1 **2
3. "l Pi k1 **5 21. “l p2 k1 tu0 39. n-j p3 k1 h3
4. “1 P1 k1 h4 22. n1 P-.C- k1 \ 40. “i p3 k1 h4
5. “1 P1 k1 >*5 23. n1 p 2 k1 41. “i *3 k1 *9
6. “1 P1 k1 24. n1 P2 k1 42. “i p3 k1
7. n1 P1 *2 *i 25. n1 P 0 k0£_ h1 43. “i p3 *2 h

B. n1 P1 *2 *2 26. “1 p2 kn
C m L m

44. ni p3 *2
9. “1 P1 k2 **3 27. n1 P2 k2 li-J 45. ni p3 k2 lxi
10. “1 P1 k2 h4 20. “1 P2 C m \

46. "i k2 K

11. “1 Pi k2 **5 29. n1 p2 k2 s 47. ni *2 H
12. n1 p1 *2 *■6 30. n1 PS k2 40. ni *3 *2 H

13. “1 P1 k3 "l 31. n1 P2 k3 •*1 49. ni »3 *9
14. “1 p1 k3 “2 32. “1 p2 *3 **a 50. “i p3 k3 *2
19. “1 p1 k3 •*3 33. n1 p2 k3 *3 51. “i k3 “3
16. “1 P1 h4 34. “1 p2 h4 52. ■I *3 h4
17. “1 p1 *3 **5 39. n1 p2 *3 *3 53. “i p3 *3 *9
IB. “1 p1 k3 **6 96. “1 *>2 *3 *6 54. *9 k3 h6
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55. “2 *1 *1 *1 73# “2 *2*1  *1 91. *2 *3*1 *1
56. *̂2 *1 *1 *2 74 • “2 *2 k1 *2 92. °2 *3k1 *2
57. Ba P, kl h. 75. ng p2 ki hj 93. Bg Pjki h.

58. “2 **1 *1 h4 76. «2 P2 ki h4 94. *2 *3 *1 h4

59. H2 Pi kl hg 77. “2 »2 k1 *5 95. *2 *3 k1 *5

60. *2 Pi *1 *6 78. 112 Pg ki hg 96. ng P3 ki he

61. Dg p, k2 hi 79. ng p2 k2 hi 97. ng p5 kg 11,

62. "2 »1 H  “2 80. “2 p2 k2 *2 98. ng P3 kg hg

63. "2 P1 *2 >*5 81. jag p2 k2 113 99. Qg pj kg h3

64. ”2 Pi *2 h4 82. ilg p2 k2 ĥ 100.

**CM
J*tAPi•f

65. n2 P1 k2 hg 03. ng p2 k2 10 1. Hg P5 k2 hg

66. Ilg P ,  k g  h g 84. r i g  p 2 k g 102. "2 ll3 k2 **6

67. “2 Pi H  ‘H 05. n2 *2 ^  *1 103. Qg P? k g  k,

60. "2 p1 k3 h2 06 • rig p2 k  ̂ hg 104 • **2 p3 k3 **2

69. ”2 p1 *3 S 07. °2  2̂ ^3 ^ 105- ng P g  k, hg

70. “2 p1 *5 h4 80. r i g  p2 k3 h4 106. ”2 p3 k3 h4
71. "2 p1 k3 **S 09. °2  2̂ k3 **5 107. ”2 **3 k3 ^5

72. “2 p1 *3 6̂ 90. “2 *2 *3 *6 100. “2 p3 k3 H
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109.‘ “3 *  *1 ^ 127 • II3 lLj Il| u s . “3 *3*1 *1
110 1*3 Pi ki hj. 120. p2 11, hg 146. “3 *3 *1 **2
111 °3 Pi *1 *3 129. n  ̂ pg k., 147. “3 *3 *1 **3
112 *3 p1 ^  h4 130. n  ̂ pg k-j h4 14s. “3 *3 *=1 h4

113 “3 P1 k1 *5 131• P2 ^ 149. n , P, k, hj

1H “3 P1 k1 *6 132. n  ̂ p2 k*, hg 150. n, p, ki hg

115 °3 p1 **2 *1 133- p2 kg 15 1 . “3 *3 k2 “l
116 Oj Pi ^  **2 134. 113 P2 k2 hg 152. n, P3 ^  ^

117 p1 kg hj 135. Oj p2 kg ĥ 153. “3 ^  *2 **3

110 “3 P1 k2 h4 136. p2 kg h4 154. n5 P5 lc2 h4

119 “3 P1 kg hj 137• n- Pg kg ĥ 155. °3 »3 k2 **5
120 “3 P1 k2 *6 130. n3 p2 k2 h6 156. “3 IJ3 **6
121 *3 P1 139. Uj P2 k  ̂ h1 157. *3 ^3 *3 h1

122 “3 p1 ^  *2 140- p2 hg 150. n, P, k, 62

123 “3 P1 k ^ 141. n~ p2 k  ̂ ĥ 159. n3 P, k, h.

124 n3 p1 k3 h4 142 a Pg k̂ j 160. n, P, k, h4

123 “3 p1 k3 **5 143 • p2 kj lî 161. n, p, k, hj
126 nj Pi k, he 144. nj p2 1̂  hg 162. n, P, k, hg

The layout plan of tha axperimant la shown In
rig. 1.
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Zaaasa&si onuiTrtioB
Tha experimental field was thoroughly prepared to

get uniform condition end laid out into 9 blocks* eaoh with
18 plot a. Then the individual plots were anoe again dug
and levelled. Three raised beds of 1.2 x 4.5 n were prepared
in eaoh plot with an inter space of 45 cm between beds.
Fertilizera and fertilizer application

The fertilizers used in this experiment were urea
(46 per cent N), single superphosphate (16 per cent p2^5^ Qni*
Buriate of potash (60 per cent KgO).

I>uring the first year* the full doses of ^2°5 Qnd
KgO and one-third dose of N were applied as basal dose. The
remaining quantity of H was appliod in two split doooo*
one-third II after tho first hnrvoot and the remaining ano-
third aft or tho second harvest.

In tho second year* tho full doae of PgO,- and KgO
and ono—third N were applied after the first uniform harvest
in all plots. The remaining II was appliod in two equal
doses one eaoh after the 000ond and third harvests.
pilim M lrLg

Healthy 69 to 72 day old eeedlings were plaited at 
the rate of two eeedlings per hill. Planting which woe 
started an 11th July* 1900 wee o ample ted on 14th July* 1980. 
Seedlings which exhibited poor growth in the main field were 
removed after two weeks mad planted with fresh seedlings.

Weeds were ri s ved before top dreeaing with H md
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earthing up was done cnee during a year. It was done in 
the month of Septenber in the first year and in July in the 
seoond year. Spent lenongrasa at the rate of five t/ha 
was applied as a mulch to prevent weed growth after the 
first weeding in both the years but before earthing up in 
all the experimental plots. The N9 P and K contents of 
spent lemongrass were 1.13, 0.083 and 1.01 per cent respec
tively.
Plant protection Nil
Harvest

The first harvest of the herbage of all the treatments 
woo done 05 days after i;lanting when tho crop uas at full 
flowering and subsequent harvests wero made at intervals of 
35-40, 40-45, 45-50, 50-55* 55-00 and 60-65 days as por 
treatments. As far as possible harvests wero done at 40, 45, 
50, 55, 60 and 65 day intervals rcspeotivoly for h^, l^, h^, 
h^, and treatments. In summer montna no horveota 
were token from tho last week of February onuardo till the 
onset of monsoon and ootabliohmont of good growth. This was 
necessitated oinoo tho crop was grown under rainfed 
conditions.

In the seoond yearv a uniform harvest was made with 
the onset of monsoon in April for all the treatments »nd 
thereafter the harvests were made at the speolfied intervals.

The heihage wee out from all the plants in the plot 
except thoee plants left for collection of plant samples far
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ehsmiosl analysis. Ths fresh weight of tha herbage was 
reoorded imedlately after harveet. The plants tag-marked 
for chemical analysis were separately harvested initially 
before the plot-wise harvest.

Tha essential oil oontent was determined on fresh 
weight basis by steam distillation. The distillation was 
oonduoted treatment wise in small stills installed for 
experimental purpose. Tho oil obtained after distillation 
was further olorified to mako it free of sediments and 
water drops before the quantity waa measured. The oil 
from each plot was measured and kept in amber coloured 
bottlos with ti^ht fitting corks for phyoico-chcaical 
analysis.

Observations
Growth ohAraotern

Tor rooording growth oharnctorn t ulvn plants were 
seleoted from eaoh plot at random and tho observations wore 
taken on tho day previous to each harvest.
1• Total tillers

The total number of tillers per alump of the selected 
plants was reoorded.
2« Plant height

Haight of the plant from the ground level to the top 
of the longest tiller was measured.
3« Length of lnfloresoenoe

Ths length of the lnfloreaoenoe wss measured from ths



point of sheath m i  an of boot leaf to the tip of the 
inflorescence •
4* Number of tillers with inflorescence

The number of tillers per clump that had Inflore
scence by the time of the harvest was recorded.
5• Number of tillerB without inflorescence

The numbor of tillors without inflorescence per olixap 
was noted.

Yield chargetors
1. Herbage yield from plant

Tho woight of the herbage of the □elected plants 
separately harvested for ohemicol .cnnlyoln wno recorded as 
and when they worn harv^ntccl.
2. Herbage ylold per hectare

Tho herbage yield fron coch lot vr.s noted imediatoly 
after harvest and the yield per hooterr. calculated.
3. ~*ry natter yield

The oonploa from e.coh harvest of te^rarhed plants 
ncant for ohomlool analysis of Ivorbago wore first oundrled 
and then overdried at ^0*G to oonotont weight. Tho dry 
matter yield from ooch plot woo oonputrxl for onoh harvest 
using this dry matter percent ago.
4. Oil yield

The oil yields in 1/ha and kg/ha were calculated 
fron the yield of oil from eooh plot.
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5 • The essential oil oontent
The quantity of oil obtained from eaoh treatment was 

need for working out tho oil oontent (volume of oil/weight 
of herbage) on the fresh weight basis of the herbage. 
Continuation of the field experiment during 1982 to 19Q4

The layout of the plants originally planted in 1980 
was maintained for another two year period beyond the 
originally contemplated experimental period re a brio ting the 
observations to tho major faotors, viz., the yield of 
herbage and yield of oil. All nanurial treatments and 
harvest intervolo os odopted in tho field experiment of the 
first two years (l980-'b2) ucro continued during the 
1982-*04 period aloo.
Observation trial

Aa otatod earlior an obsorvatlon trial with nine 
cutting intervals was conducted during 1983-184. Tor thia 
a bulk orop which hod boon planted in an adjoining poriod 
in 1900 along with tho orop JLn tho main experiment wno used. 
The cutting intervals wore 55, 65, 75, 85, 95, 105, 115, 125 
and 155 days and harvaoto wore oonduoted at these intervals 
from ths month of May 1903 onwards.

and ghemiosl constituents of ths oil 
ufi®a

Ths oil yisld obtainsd from many 
of ths msln fisld sxpsrimsnt during ths 
insuffioisnt for ths sstimatian of all
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properties and analysis of ohemioal constituents by 
conventional ohemioal methods. The quantities were suffi
cient only for the determination of ehemioal oonstituenta 
by Gas Liquid Chromatography. The GLC was oonduoted on the 
pooled samples from each plot.

For conducting chemical analysis and determining 
the physical properties during tho Becond year* the samples 
of the oil collected from different harvests of a treatment 
during the monsoon season (Msy to September) were pooled 
separately os distinct from those of the summer season 
(October to February). The samples so obtained were 
examined for all important physical parameters and chemical 
constituents by standard analytical procedures. The oil 
oolleotod in the sumnor oanson was analysed by GI.C also.

Tho oil samples obtained from the observational 
trial wore also similarly analysed for physical anti chemical 
par one tors.
Fhyflloal proportion

ihyoicnl proportioo ouch no specific gravity, 
refractive index, optionl notivlty and solubility in 70 
per cent ftloohol were determined by the methods prooorlbed 
by 131 (Anon., i960).
gijfnkQgALJgoptrtIti anA obsmloal oonetltusnts

Add vslua, saponl float ion value, eater value, 00 ter 
sen taut, aapenifioatlon valua after aoetylation, total 
alcohol oalmilatsd aa gersniol, free aloohol and oonbinsd



aloohol vero determined by the ISI methods.
The geraniol sod geranyl acetate contents were also 

determined by the GLC method as already indicated. During 
the first year* the GLC analysis was carried out using a 
gas Qhromatograph (Modal No .3.17410) of the Chromatography 
and Instruments Company, Daroda. The oil (0.2 ji ml) was 
injected into the Gao Chromatograph fitted with SE-30 three 
m long column, flame ionisation doteotor and potentiometrio 
strip chart recorder. Nitrogen was used os the carrier gas. 
The operating conditions woroi- oven temperature 160*C,

pattenuation 526, hydrogen one kg/cn and chart spoed one 
co/'lnute.

In the second year GLC analysis v/as conducted using 
a Ilevlitt Packard 5840 gas chromatograph. The carrier gno 
used was nitrogen, flow rate 20 ol/oln, columnicnrbowax 
20 M, Isothermal condition 100"C and TIN tenpcraturo 250*C 
or 270"C.

The compounds wore identified by oom^jaring thoir 
retention times with thoso of authentlo roforonoo samples. 
In tha gas chromatograph (Modsl No.a 17410) of Chromato
graphy and Instruments Company, Horoda, the peroontage of 
each constituent was calculated by assessing ths peak area 
by ths triangle method. In ths Ilevlitt Packard 5040 Gas 
chromatograph, ths psrosntags of geraniol and geranyl 
acetate were recorded antomatioally•



Abl.1j .1b of aoll ■anplM
Mechanical composition of the soil was determined 

tty the International Pipette Method (Piperv 1950).
Total N waa determined by tho miorokjeldahl method 

(Jaokson, 1967) and available N by alkaline permanganate 
method (Snbbiah end Asijat 1956) •

Total ^2^5 an^ total KgO in the soil wore determined 
using standard procedures ao outlined by Jackson (1967). 
Available P20^ was determined by Drey'o ITo.1 method 
(Jackson, 1967) ond available KgO was estimated by using 
ETlIi flnne photometor. Total Ca and Mg were determined in 
the hydrochloric aoid extract uoin0 on Atpmic Absorption 
3peotrophotometer.
Analysis of plant pan plop

The plant samples wore dried in on oven at JQ'C and 
ground in a Wiloy Mill.

Tho total N content of tho sonplao waa determined by 
tho modified miorokjoldalil mothod (Jnokoon, 1967).

i-hoophoraa, i^taaoium, calcium and aagnooiisa war& 
determined in the triple acid extract of the plant material. 
Phosphorus wao determined by the Vanndo-nolybdo-phosphoric 
yellow oolour methodn (Jaokeon, 1967)* rotoooium woe 
determined by using Pint flnne photometer end oaloium and 
magnesium were estimated in the extraot by the vereenata 
titration method as given by Cheng end Dray (1951) •

62
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Statistical analysis 
Analysis of variance

The main effects of each factor and their interaction 
effects were studied for each character by the analysis of 
variance technique for a 3^ x 6 confounded factorial 
experiment (Cochran and Cox, 1965). The split up of the 
degrees of freedom for main effects and interaction effects 
is given below.

Sources df
Dlocl: 3
IT 2
P 2
K 2
IIP 4
I IK 4
PK 4
H 5
JJH 10
PH 10
KII 10
NFK 2
kp2k 2
NP2*2 2
Error 94
The mean values for various levels of eaoh treatment 

and alao their combinations ware compared with critical
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differences (CD) where

/./ Effective number of replication
2MSE

V
and HSE = SE/Plot
Yield trends at different harvest intervals for the main 
experiment (from 1980 to 1982)

The pattern of trend in herbage and oil yield is
explained by Cobb-Doughluo function (Heady and killon, 1961 )

Y = a where
Y a yield of herbage/oil

a, b = oonatanto

Thio function io generally uaed to explain an 
Increaoing, constant or decreasing return to ocole accord
ing to in Eoonomctrica. The conformity of tho fitted 
relationohip wao teotod by the magnitude of the coefficient 
of determination.
Relationohip botwoon tho ylold of herbage and oil and 
harvest intervals for tne T>orl~o<r aroia T9I30-1964

Cobb—Douglus function dooo not indioato any optimum in 
yield at different harvaot intervals otudied. So by taking 
additional data on yield for two more years (total four 
years' yield data) the following relationship was examined.

horvcot interval

The trend functions fitted by tho application of
K

T - bQ ♦ b.,H ♦ bgH2, b2/ 0
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where b-values are o oast ants (Heady and >D Lllon,

This is the quadratic regression equation of yield 
on harvest intervals. The optimum yield was determined by 
the formula H . = “* 1°Pt
Path analysis

The oause and effect relationship of yield (herbage, 
oil and geraniol) with various yield contributing charac
ters was studied by the method of path analysis developed 
by '-/right (1921), originally for the inbreeding theory.
This method is based on the construction of a qualitative 
diagram known aa path diagram in which the whole system 
of variables io represented . The advantage of this diagram 
io that a set of simultaneous equations con be written 
directly from the diagram and a solution of these equations 
provides information on the direct and indirect contribu
tion of thooo causal factors to tho offcot. The simultaneous 
equations wors given by

A * BC. Where, A is the vector or correlation 
ooeffialents of various characters (x) with yield (y).
B is the matrix of correlation coefficients of various 
characters, and C is the vector of path coefficients. The 
residual effeot (R) is estimated from the relationship

a2  -  H t p ^ )
where P ^  is the direat effeot of character, and r^  ie

1961).
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th , .tha correlation of 1 ohar&oter (jlj) on T.

gqcposlos
Coot of production for the different levels of 

phosphorus application vere worked out an the basis of 
prevailing input oost and market price of oil and spent 
grass. Coot of production related to different levels of 
Ni and KgO application were not worked out since there 
was no significant difference in oil yield due to different 
levels of H and K application.

Cost of production of all the harvest intervals 
from 55 to 155 days wore worked out based on the data 
obtained fron the observation trial.
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RESULTS

The detailed observations on the major field experi
ment oonduoted from 1960-'62 in 3^ x 6 confounded asymmetrical 
factorial design with three levels eaoh of nitrogen, 
phosphorus, potassium pnd six intervals of harvest are 
presented under results. The results obtained for the major 
parameters viz., yield of herbage ond oil for the main 
experiment oontinued during 1982-'04 and the results obtained 
from a subsequent observation trial conducted in 1903-'34 has 
also been presented.

Main field experiment
Bionotrlo oharaotors 
number of tillers nor olunp

Data prooontod in Tableo 1 a, b and c ropreocnt the 
number of tillers per olump obtained during tho first year, 
second year ond the mean data for two yenro as influenacd 
by the difforont levels of II, iJ, K and II.
EfXeot of nJ.trogon

There was no oignifioant difference in the total 
number of tillers per olump with the different levels of N 
during the first year, ssoand year and in their mean value. 
The number of tillers per olump recorded at 25# 50 and 75 kg 
H/ha were 17.5# 17.0 and 17.9 respectively in the first ysar 
end the corresponding figures for the seoond year were 
26.2# 25.9 end 26.4.



Table 1(e)* Bffeot of different levels of nutrients end harvest intervale on the nxnher oftill era per clump in the fir at yoari 1980-81.

*1 *2 *4 >5 Mean k1 k2 *3 Pi P* >3

*1 16.7 17.3 16.6 16.3 18.3 16.5 17.3 16.1 17.0 10.0 15.4 18.0 16.5
“2 17.1 16.6 17.1 17.8 16.4 1b.8 17.0 17.0 16.7 17.2 16.4 16.0 18.5
*5 17.2 16.2 13.3 20.5 20.8 18.6 17.9 18.3 17.7 17.6 17.3 10.1 18.2
Pi H.1 14.7 16.3 13.4 17.9 17.0 16.4 15.0 16.2 17.8 - - -

*2 17.4 18.2 15.3 18.2 16.5 18.5 17.9 18.2 17.2 18.3 - - -

*S 19.5 17.3 15 .4 19.5 19.5 15.4 17-9 18,2 18.Q 16.7 - - - cc
*1 16.2 17.2 15.7 U.O 13.9 15.6 17.1 - - - - - -

*2 16.3 15.7 16.2 17.4 19-6 17.9 17.4 - - - - - -

*3 13.0 16.3 15.7 20.3 17.0 10.2 17.6 — • — •• —

Kean(H) 17.0 16.7 15.3 13.9 10.5 17.3 17.4

Mean c.0.(0.05) m L‘j m

TI# r or r\ - 0.51
II 2.02 0.72

r ̂



Tohle 1(b). Effect of different lore la of nutrients and harvest intervals on tha number oftillers per olump in the second year* 1901-02.

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 *1 *2 *3

*1 27.0 27.5 26.7 27.1 26.3 22.5 26.2 25.2 26.7 26.7 25.3 27.3 26.1
**2 25.7 27.6 25.0 2o.7 26.6 24.0 25 .9 24-8 25.7 27.3 26.0 26.7 25.1
*5 27.7 26.4 24.0 28.2 26.5 23.9 26.4 27.3 25.3 26.6 24.8 27.2 27.3

24.0 26.7 26.4 26.7 26.7 21.6 25.4 24.0 24.6 27.4 • - -
27.4 27.8 24.5 27.6 29.9 25.4 27.1 26.4 27.2 27.6 - - -

*3 28.9 26.3 24.9 27.6 25.4 0 7  A 
4- J •  nr 26.2 26.9 25.9 25.6 - -

*  CD

*1 28.2 27.9 25.3 25 .4 27.1 O O
i- C- • J 25.3 - - - - -

O

*2 25.1 26.5 25.3 23.1 27.4 CJ•

C
J 25.9 - - - - -

*3 27.1 26.3 27.0 23.5 27.5 24.3 26.9 — — — — - -

Is 26.8 27.1 25.2 27.3 27.3 25.4 26.9

norm P.P.(0.05) S.E.
17 p i-1 or Li - 0.67
II 2.66 0.95



Tibli 1(o) •  Sffcot of dlfforoQt I s t s I q  of nutridnto w n d  harvoofc intsrv&lo on tthf nunbsr oftlllara per oXuapi lie on valuo a for two years •

*1 *2 *3 h4 *5 *6 Moon *1 *2 “3 *1 *2

“1 22.1 22.1 20.9 22.5 22.5 19.4 21.6 20.6 21.7 22.4 20.1 23.5 21.2
*2 21.1 21.3 20.7 22.0 21.2 20.2 21.2 20.7 20.9 22.0 20.9 21.1 21.5

“5 22.2 20.5 13.7 24.1 24.4 21.7 21.9 23.0 21.3 21.6 21.0 22.2 22.5

Pi 18.3 20.3 21.1 22.3 21.9 19.7 20.7 19.6 20.1 22.4 - - -
P2 22.2 22.4 19.8 23.0 24.2 22.0 22.3 22.1 22.0 22.7 - - -

*3 24.4 21.3 19.3 23.3 22.0 19.7 21.0 22.6 21.8 20.9 - - _ -vj
0

*1 22.4 22.4 19.3 22.0 22.7 19.7 21.4 - - - - - -

*2 20.3 21 .3 19.9 22.4 23.1 2 j .3 2 i .3 - - - - - -

*3 22.3 20.3 21.1 24.2 22.3 21.3 22.0 • “ —

Moan
(H) 21.3 21.5 20.1 22.9 22.7 20.4 21.6

I loan C ,-l>.(Q.Q5) S.E.
: , r. or K - 0.49
:i 1.93 0.69



Rffeot of uhosahoma
The effeot of different levels o f PgO^ was also not 

significant and the number of tillers reoorded at 25 , 50 and 
75 kg PgO^/ha during the first year were 16.4, 17.9 and 17*9 
respectively and those in the seoand year were 25*4# 27.1 and
26.2 respectively •
Effect of potassium

Different levels of KgO oloo showed similar effeot 
on the production of tillers and the number of tillers at 25, 
50 and 75 kg KgO/ha during the first and second year were 
17.1, 17.4, 17.6 ond 25.8, 25.9 and 26.9 respectively.
Effect of harvest intervals

Significant difference in the total number of tillers 
per plant was howovor noticed both in the first year, second 
yoor and also in tho mean data for the two years. In the 
first your, the maximum number of tilloro par clisnp vao 
rooordod in tha treatment where harvesting was done at 55 day 
intervals. Tho numbor of tillers obtained at 40, 45, 50, 55, 
60 and 65 day intervals woro 17.0, 16.7, 15.8, 18.9, 18.5 
end 17.3 roepootivoly.

In the second yoor, the maximum numbor woe reoordod 
by the two harvset interval treatments of 55 end 60 dayo.
The treatment 65 daye produced the minimum number of tillers. 
There was no eignificant difference in the tiller numbers 
as the interval increased from 40 to 60 days. Tha highest 
harvset interval of 65 daye reoorded the lowest tiller number.
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Ths nonber of tillers obtained at 40, 45» 50, 55» 60 end 
65 day intervals were 26,8, 27.1• 25.2f 27.5* 27.3 and 23.4 
respectively •

In the nuuw data for two years also the interval of 
55 days reoorded the highest number. It was on par with 60,
40 and 45 day harvest intervale. Tho treatments harvested 
at 50 and 65 day intervale recorded significantly lower 
values than the othor harveert interval treatments.
Height of the plant

Data on tho height of the plant aa influenced by tho 
different lovolo of N, P, K ond II ore presented in Tobies 2 a, 
b end c.
Effect of nitrogen

Lovolo of T7 did not havo any offcct on the height of 
tha plants vihon tho data wore oonoidorod oithcr separately 
for each yoar or oombinod • Ilowover, tho mean hoight of 
plants for tho two years at 25, 50 and 75 kg II/ha woro 109.6, 
109.4 and 108.3 on roopootivoly which indicate a olight 
tendency for tha height of plants to docroaoo with increasing 
1avals of ft application.
MlMSL -g£

During ths firat year, the height of plante for the 
*2°5 applications of 25, 50 end 75 kg/ha were 110.2, 111.8 
end 114.3 on reepectlvely • The differwioea were not eigni~ 
floent, although the trmfl waa for the height of the plante 
to increase with inoreeeing levela of PgO^ • Daring ths



fallt 2(a) • Bffut of different levels of nutriento and harvest Intervals an height otths plant (on) in tha first years 1980-01.

*1 *2 *3 h4 *5 *6 Mean k1 k2 k3 »1 »2 *3

*1 103.1 116.1 103.2 111.9 117.1 123.3 112.5 107.0 116.6 114.0 114.0 112.2 111.4
"2 100.1 118.9 104.3 120.1 113-6 118.5 112.6 113.3 111.3 113.2 112.1 112.3 113.3
“5 97.1 108.2 90.0 115.2 120.4 126.6 111.1 108.2 113.6 112.0 104.3 110.8 118.1

*1 94.7 110.0 104.5 117.2 116.7 117.9 110.2 105.9 111.1 113.5 - - -
*2 99.2 114.4 101.6 109.3 119.6 12b .6 111.8 111.3 110.9 113.3 - - -

*5 106.5 118.8 100.4 120.7 114.3 124.5 114.3 111.6 118.9 112.4 - - " -xl
*1 101.5 111.1 97.6 112.6 116.7 117.5 109.5 - - - -

CO

*2 99.6 116.6 103.8 117.4 118.1 126.1 113.6 - - - - -

*3 99.2 115.5 105.0 117.1 116.2 125.4 113.1 — — — — — —

Mean
(H)

100.1 114.4 102.2 115.7 117.0 123.0 112.1 • - - - -

lleon C.D.C0.05) S.E.
n# p or K - 1.45
itp, :IK or PK 7.08 2.52
n 5.78 2.05 /



Tibli 2(b) • Kffeot of different 1 enrols of nutrient a and harvest intervals on haig£it oftho plant (on) in tha aeoand yoari 1981-82.

*1 *2 “5 h4 *5 *6 Mean k1 k2 *3 Pi P2 P3

*1 73.6 85.4 106.6 114.1 115.7 139-1 106.9 101.2 109-2 110.3 107.9 104.5 108.4
*2 81.0 38.3 96.3 113-7 117.8 140.4 106.6 106.7 105.2 107.8 104.3 108.4 107.0

78.5 81.7 93.0 109-3 126.2 135-2 104-8 104.6 102.6 107.1 97.4 104.9 112.3

Pi 75.9 35.5 104.3 109 - - 114-6 130.0 103-2 100.8 102.4 106.4 - - -

*2 80.0 05.6 98.9 107.7 122.0 141.2 105.9 103.2 104.9 109.7 - - -

*3 32.2 34.2 101.7 120.5 123-1 143-5 109.2 108.7 109.8 109-1 - - - -J

*1 80.4 34.1 93.0 109.9 113.6 134-1 104-2 - - - - - -

*2 77.6 05.6 100.7 103.5 123-0 138-6 105-7 - - - - - -
80.0 35.8 106.1 118.8 117-9 141-9 103.4 — ■* • •

Moon(H) 79.4 35.1 101.6 112.4 119-9 138-3 106.1

Moan C.D.(0.05) 3.5.
N, P or K 3-49 1.24
UP, HU or -K 6.05 2.15
n 4-94 1.75



Tebls 2(o). Effeot of different levela of nutrients and harvest Intervale on height of theplant (ca) mean values for two years.

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 »1 *2

“1 90.9 100.6 105.9 113.0 114.6 131.4 109.6 104.1 112.9 112.1 111.0 108.3 109.9
*2 90.6 103.3 1U1.3 116.9 115.7 126.7 109.4 110.0 107.0 110.5 107.7 110.4 110.2

37.3 95.0 93.5 112.3 125.0 131.0 106.3 106.5 107.8 109.6 100.7 107.9 115.2

*1 35.3 97.5 104.4 113.1 115.7 123.1 106.5 103.3 106.3 110.0 - - -
»2 39.5 100.0 100.3 108.5 120.6 133.9 108.8 107.1 107.9 111.5 - - -

»5 94.4 101.6 101.1 120.6 119.0 134.0 111.8 110.2 114.1 110.8 - - -si
*1 91.0 97.5 97.3 111.3 117.6 125.6 106.9 - - - - - C/A

*2 06.7 100.9 102.3 113.0 120.6 131.6 109.5 - - - - - -

*3 09.6 100.6 105.6 113.0 117.0 133.6 110.5 — - — — — •

Man.(H) 09.3 99.7 101.9 114.1 11 o.5 130.3 109.0

Moon C.D.(0.05) S.E.
!Tr ? or Z >.2^ 1.15
IIP, HZ or -Z 5.59 1-99
ii 4.57 1.62
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second year however, higher lerela of PgO^ inoroaaed tha 
height of tha plants significantly • The height recorded 
for the three lerelB of P,,Og application vere 103*2, 103*9 
and 109*2 cm respectively. The mean valueb for two years 
vere also statistically significant*
Effeot of potassium

Application of different levels of KgO did not 
influence the height of the plants significantly in either 
of the years or ao per the mean data for the two years. But 
the height of the plante inoroaoctl with inoreaoing levels 
of KgO in both the yearo. The mean height recorded for the 
two years Qt 25* 50 and 75 kg KgO/lia were 106.9, 109*5 and 
110*8 cm respectively,
Nutrient interactions

The interaction between U and P woo oignificant 
aoporatoly for tho two yoaro aa well an for tho oombined 
data. The maximum height wao recorded for the treatment 
combination n^Pj in both tho yoaro.
Effeot of haxvost intervale

Increasing tho interval of harveot from 40 to 65 days 
significantly increased the height of the plmts in both the 
years* Tha crop harvested at 65 day Interval recorded the 
maximum height in both the years and it was significantly 
superior to all other harvest intervals in both the years* 
The height of the plants vith different intervals of 
harveot ranged from 100.1 to 123*0 am in the first year and



from . 79.4 to 138*3 cm In the seoond year and the mean values
for the tvo years reoorded at 40» 45# 50# 55# 60 and 65 day 
harvest Intervals were 89*8# 99.7# 101.9# 114-1« 118.5 and 
130.3 am respectively.
Length of lnfloresoenoe

The data on the length of inflorescence as influenced 
by the application of different levels of N, Pf K and H are 
presented in Tables 3 a# b and o.
Effect of nitrogen

Different levels of N did nob influenco the length 
of infloreooenne significantly in either of the years. In 
the first year, the values reoorded at 25, 50 and 75 kg N/ha 
were 29.2, 29.1 and 29.0 00 respectively.

In the second year, application of II at 50 end 75 
kg/ha increased tho length of the inflorescence over that 
at 25 kg N/ha.

In the mean values for the two years 50 1 lq Il/ha 
recorded the highest length of infloroooonco ond the measure
ments for 25# 50 and 75 kg N/ha woro respectively 29.0,
29.2 and 29.0 am.
Effect of phosphorus

Increasing levels of PgO^ inoroascd tho lgngtli of 
inflorescence in both the years but tho results were signi
ficant only for the firnt year and fbr the mean data for 
the tvo years. Luring the first yoar# application of PgQ^ 
at 75 kg/ha recorded the highest length of 30.2 em end it
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Tibi* 3(*>)« Effeot of different levela of nutrient a end harvest intervals In infloresoeno*length Cc«a) in the first yeart 1960-01.

*1 *2 *3 h4 “5 *6 Moan k1 *2 k3 *1 *2 *3
26.3 31.4 25.1 29.7 29.9 52.5 29.2 27.: 30.7 29.0 23.9 29-9 28.7

*2 23.0 30.6 27.6 33.1 29.9 30.5 29.1 29.7 29.0 28.7 28.3 29.3 29.9
*5 24.4 27.7 25.3 32.2 31.2 33.2 29.0 28.1 29.9 29.1 26.3 28.8 32.0

Pi 22.0 27.6 25.5 32.5 23.5 30.7 27.3 27.1 28.2 20.2 - - -
*2 24.5 30.1 26.7 29.7 31.5 33.2 29.3 29.4 29.1 29.3 - - -

*3 27.2 31.9 25.3 32.3 31.0 32.4 30.2 29.1 32.3 29.2 - -

*1 25.9 28.3 24.9 30.7 30.0 30.4 28.5 - - - - - co

*2 24.3 30.3 26.3 33.5 30.6 33.1 29-9 - - - - - -
23.5 31.0 26.3 30.a 29.6 31.3 28.9 — — • — — —

N a n
(H)

24.6 29.9 26.0 31.7 30.4 32.1 29.1 - - - - — —

Mean C.D. ino•o r-% ■nO ,£J.

or K 1.59 0.57
II 2.25 0.80

(



Tihli 5(b) • 3ffeart of different levels or nutrient a end harvest intervals dn infloreaosooelength (an) in the second years 1981-82.

*1 *2 *3 h4 *5 *6 Mean *1 *2 *3 *1 *2 »5

“1 20.3 23.4 23.0 29.5 23.9 33.5 28.2 27. 1 29.1 28.3 28.3 27.8 28*5

■2 21 .3 25.7 25.9 31.3 32.3 37.5 29.1 50.0 29.0 20.3 28.9 28.9 29.5

*5 21.7 23.3 27.7 23.7 33.0 37.1 29.2 29.0 28.2 29.9 28.0 29.4 29.7

* 21.6 24.2 27.1 29.3 31.6 35.9 23.4 23.3 27.9 28.3 - - -

20.5 23.9 27.1 50.2 33.1 37.4 do .7 27.5 29.4 29.2 - - -

*3 22.2 24.4 27.4 29.5 32.3 39.3 29.3 29 .9 28.9 29.0 - - -

*1 23.0 23.4 27.5 30.2 50.3 57.5 28.7 - - - - - - 0

*2 21.0 23.0 27.3 29.2 34.7 36.4 28.3 - - - - - -

*3 20.4 25.5 26.3 50.1 31.4 35 -3 2 c .3 • * —

Mssn
(H)

21.5 24.2 i~ / m2 25.8 32.3 37.7 22.9

Iloon .̂T>. (0.03) S.E.
or K - 0.4-8

I! 1.91 0.68



Table 3(o). Sffecrfc of different levels of nutrients and harvest intervals on infloresoenoslength (cm) mean values for two years.

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 »1 *2 *3

“1 23.7 26.8 26.7 -» mcy • r 23.4 55.5 29.0 27.6 30.0 29.3 28.7 28.9 29.3
*2 22.6 28.3 26.9 52.3 31.2 34.1 29.2 30.0 29.0 20.7 28.7 29.2 29.8

*3 23.1 25.7 26.7 30.6 32.5 35.2 23.0 2~/.6 28.7 29.6 26.7 29.3 31.0

Pi 21.7 25.6 26.4 31.3 23.1 33.4 26.0 26.1 27.6 28.4 - - -
*2 22.7 27.2 27.0 30.0 32.4 35.3 29.1 25.5 29.4 29.3 - - -

*5 25.0 29.3 26.7 31.3 31.7 3-3.0 30.0 29.6 30.7 29.7 - - 03

*1 24.6 26.0 26.4 36.4 30.9 3 A -0 26.7 - - - - -
a

*2 22.6 2*7 .1 27.0 31.5 31.7 35 -5 2 9.2 - - - - - -

*3 22.1 29.6 27.1 36.5 30.6 35 .4 29.2 • • * •• •

Keen(H) 23.1 27.6 26.0 30.3 31.0 y. -3 29 .0

Mean C .i? .(0.05) S.B.
IT, 2 or K 1.19 0.42
H 1.67 0.59

i1 >



i m  aa par with PgO^ at 50 kg/ha (29*5 ca) and sigaifloantly 
superior to tha length for PgO,. applioation at 29 kg/ha 
(27*8 on).

Increasing the levels of PgO^ progressively Inoreaaed 
the length of Inflorescence In the second year also and tha 
values reoorded at 25» 50 and 75 kg PgO^/ha were 28.4* 28.7 
and 29.3 an respectively.

Prom the mean values for two years It was observed 
that the length of inflorescence recordeil at 75 kg PgO^/ha 
was on par with 50 kg P̂ Ô /lia and they v/ere algnificantly 
superior to the length recorded at the lowest level of ^>^5 * 
Effeot of potaoolun

Though the e_-plJ.coti.on of different levela of 0 
oould not produce any significant effect on the length of 
the inflorescence, application at 50 ond 75 kg K^O/ha did 
inoreaoo the length of inflorenoan.ee over that ab 25 ku 
KgO/he. in bath tho yoaro. Tho neon valuoa ft>r tho two yoaro 
for application of K^O at 25, 50 and 75 kg/hn wore 28.7,
29.2 ond 29.2 on roo, ootivoly.
Effeot _Qf jMgyoflt lntgrvals

The influence of different JLntervolo of harvest was 
significant in both the yecrs ond in the nean value for the 
two year*. Plants harvested at 65 day intervals reoorded 
tha maxlmm length of inflorsaoenoc JLn both the years, It 
waa on par with 35 and 60 dny intervals in ths first ysar 
and was slgnlfLocntly superior to all othsr harvest treatments.
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In the second year and in tha naan Talus for both tha years, 
tha length of infloreaoenoe increased with the increase in 
tha interval between harvests end the maximum value waa 
reoordad for the 65 day harvest interval. This was signifi
cantly superior to all other harvest treatments. Tha 
shortest interval tried (40 days) recorded the minimum 
length of inflorescence in both the years. The length of 
inflorescence with different intervals of harvest varied 
from 24.6 to 32.1 cm in the first year and from 21.5 to
37.7 on in the second year. The mean values for both the 
years recorded at 40, 45» 50, 55$ 60 ond 65 day intervals 
were 23-1• 27.6, 26.6, 30.9, 31.0 and 34.9 cm respectively. 
Humber of tillers with infloroooenoo

The results an fcho nunbar of billers with inflore
scence observed during the firot and second years ond their 
moan values are prooontcd in Tables 4 a, b and o.
Affect of nltro/cen

The number of tillers with infloraeoanao was not 
influenced significantly by tho levels of N in cither of 
the ysars. The values recorded nt 50 and 75 kg N/ha were 
higher than those at the lowest level of N in both tho 
years. Ths number of tillers with inflorescence produced 
during ths first year at 25# 50 and 75 kg N/ha wore 7-2# 7*3 
and 7*8 respectively and the corresponding figures for the 
seoond year were 8.1# 0.9 and 8.7.



Tibi* 4(a) . Bffeot of different levels of nutrients and harvest interval* an th* number oftillers with inflorescence i«r olunp in the fir at year i 1900—81*

N *2 *3 *4 ^5 U-u ilean k1 k2 *3 »1 »2 *3

“1 5.1 7.5 5.3 3.3 8.0 Q.7 7.2 6.7 7.3 7.4 6.9 8.1 6.5
®2 4.3 7.1 5.3 3.9 Q.5 9.0 7.3 7.4 7.4 7.1 7.1 7.2 7.7
“3 4.5 7.1 5.S 10.1 S.9 10.2 7.8 7.6 7.7 8.0 7.2 7.6 8.1

Pi 4.0 6.1 5.7 9.6 7.9 8.9 7.0 6.6 6.Q 7.7 - - -
*2 4.3 7.3 5.4 6.7 0.1 10.9 7.6 7.3 7.5 3.0 - - -

Pj 5.7 7.7 5.3 £.3 9.0 8.2 7.5 7.9 8.0 6.8 - - -

*1 5.2 7.1 5.7 9.1 0.0 8.4 7.3 - - - - -
oo

*2 4.4 7.7 5.2 3.3 9.2 10.0 7.4 - - - - - -

*3 5.0 6.3 5.3 9.7 8.1 y.u 7.5 — — • • •

Mwn
(H) 4.3 7.2 5.6 9.1 0.4 9.3 7.4

I'can C.D.(0.05) S.E.
P or K - 0.27

II 1.05 0.50
f  
' .1

I
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Table 4(b) • Effeot of different levels of nutrients and harvest Intervals on ths ranber of
tillers with Inflorescence per olump in tha seoond years 1981-02.

N *2 *5 h4 *5 *6 Moon k1 *2 *3 Pi *2 *3

*1 5.6 5.2 9.0 10.2 9.6 9.9 8.1 B.1 f?a 7.6 7.6 8.3 0.2
“2 5.5 6.6 0.2 9.9 10.9 12.1 3.9 8.5 0.6 9.5 8.7 0.7 9v3

5.4 6.1 7.9 10.4 11.3 10. G. , 9.0 8.1 8.9 6.8 9.0 9*4

Pi 5.5 5.1 d. 0 9.7 9.0 3.9 7.7 8.0 7.3 7.8 - - -
** 5.1 7.0 7.1 10.0 12.4 11.4 9.0 6.5 9.3 9.1 - - -

*3 5.9 5.9 9.0 10.0 10.4 12.5 9. :■ 9.1 0.5 9.2 - - m
ri

*1 5.7 6.0 o.5 9.7 11.0 10.5 6.5 - - - - - £

*2 5.1 5.6 7.9 10.1 10.1 11.4 6.4 - - - - - -

*3 5.6 6.4 7.9 10.7 1 :• .7 10.9 0../ — — * — •

Mean
(H) 5.5 S.O ..0 10.2 10.6 10.9 3.5

Mpqji n.0.(0.05) S.E.
t - or K 0.94 0.33

HI 1.33 0.47

N.



fable 4(o) • Sfffect of different levels of nutrient a and harvest intervals on. the number oftillers with inflorescence per clump 1 neon values for two years.

N *2 *3 h4 h_J b6 ho an k1 k2 *3 *1 »2 *3

■1 5.4 6.4 6.6 r 0  ̂• — p q<m* # O 9.3 7.7 7.4 7.9 7.6 7.3 8.3 7.4
■2 5.2 6.9 7.0 9.5 S.6 10.6 3.1 7.9 G.O 0.4 7.9 e.o 6.6

“5 5.0 0 .0 6.8 10.3 10.1 10.6 8.2 8.3 7.9 0.5 7.0 8.7 9-0

*1 4.8 5 .6 5 .8 £ .7 0.4 0.9 7.4 7.3 7.1 7.7 - - -
*2 4.9 7.4 6.2 9.8 10.8 11.1 8.3 7.9 5.4 0.6 - - -
»5 5.8 G.3 7.4 9.4 9.7 10.4  ̂, r«c  -) 5.5 5.3 6.1 - - -

*1 5.4 G .5 7.0 9.4 9 .5 9.5 7.9 - - - - -
00 • 01

*2 4.8 G ,7 Q .O 6.2 9 .6 10.7 7.9 - - - - - -

*5 5.3 Lr »Q 6 .9 1 :.4 9.4 10.2 8.1 •• ** • *• • *

Mean
(H) 5.2 0,6 6.8 9.6 9.5 10.1 * • r\C'mJ

::eoi c .d.(q.05) 2

ITf 2 or K 0,65 0.23
n 0.91 0-32
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at*** of nhoauhorus
Tha effect of PgO^ was not eignificant in tha first 

year* hat tha number of tillers obtained with inflorescence 
at 50 end 75 kg PgO^/ha were higher than that for 25 kg 
PgO^/ha and the values reoorded for 25$ 50 and 75 kg PgO^/ha 
were 7.0, 7.6 and 7.5 respectively.

In the eeoand year, the application of at 75 and 
50 kg/ha significantly increased the number of flowered 
tillers over that at 25 kg/ha and the number of flowered 
tillers at 50 and 75 kg PgO^/ha were the earne. Tho number 
of tillera at 25, 50 and 75 kg PgO^/ha were 7.7, 9.0 end 9.0 
respectively. Similar roaulto wore obtained in the moan 
data for both tho years aloo and the values recorded at 25, 
50 ond 75 kg PgO^/hn were 7.4, G.3 and 8.3 respectively. 
Effect of potassium

Application of difforont levolo of K^O did not 
significantly influence tho number of floworcd tillers in 
both the yoaro and in tho moan valuo fbr the two years.
The number of floworod tillers at 25, 50 and 75 kg K^O/ho 
during the first year wore 7.5, 7.4 and 7.5 respectively 
and that in the oeaond year ware G.5, G.4 and 0.7 respec
tively.
Effect Qf harvest intervals

Significsnt diffsrsno# was obssrved with different 
intervals of harvest in both the years and the number of
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tillers with inflorescence rose as tha interval between 
harvests increased • The maxisnra number was reoorded with 
65 days. However this woe on par with 60 and 55 day 
intervals. The number of flowered tillers ranged from 4.8 
to 9*3 in the first year axti from 5*5 to 10.9 in the second 
year.
Number of tillera without inflorescence

The data on the number of tillero without inf lore- 
scenes as influenced by different levels of Pf K and H 
are presented in Tables 5 a, b and o.
Effect of nitrogen

The number of tillers without inflorescence was not 
influenced significantly with different levels of II in any 
of the years or as per the moan data. The values recorded 
at 50 end 75 kg N/ha were lower than that at 25 kg/lin in 
both the yoars. Tho nunbor of non-floworod tlllors 
produced at 25» 50 and 75 kg Il/hn woro roopeotivoly 10.3, 
9.5 and Q .8 in tho flrDt yoar and 10.2, 17.1 ond 17.4 in 
the second year.
Effeot of phosphorua

Different levels of *2^5 â -00 showed no influence 
on the number of tillero without infloroooanoe in tho two 
years and as per the mean data. No definite trend was 
noticed in the number of non-flowered tillero for the 
different levels of ^2^5* The lowest number was reoorded 
in the first year with 29 kg PgO^/ha while in the second



Tibia 5(&)« Effect of different levela of nutrienfca and harvest intervals on ths amber oftillers without inflorescence per olunp in the first yeort 1900-81 •

N *2 *3 h4 *5 Mean k1 *2 b *1 *2 *3

*1 12.0 9.9 10.2 10.6 10.8 0.3 10.3 9.9 10.2 10.7 8.6 12.3 10.0
11.9 9.5 11.0 3.3 6.3 7.7 9.5 9.1 9.0 10.3 9.4 8.7 10.2

®3 12.7 9.1 8.1 10.5 10.8 7.7 9.8 9.8 10.3 9.3 9.4 10.0 10.0

»1 9.3 8.3 10.6 8.8 10.3 6.9 9.1 7.7 9.2 10.4 - - -

»2 12.0 11.0 10.3 10.5 9 . 9 8.2 10.3 10.6 9.9 10.5 - - -

14.2 3.4 6.4 10.2 9 . 9 8*2 10.0 10.6 10.4 9.4 - - 03
11.3 12.1 9.9 9.3 9 . 9 5.0 9.6 - - - - -

03

*2 12.0 3.2 9.7 9.4 10.2 7 . 8 9 . 0 - - - - - -

11.7 8.1 9 . 7 1 0 . Q 9 . 9 9 . 9 10.1 • • —

t a
(H)

12.2 9.5 9 . 3 9 . 3 1 0 . 0 7 . 9 9 . 9

Mean 0 . D.

ITS
o•o 3 . E.

IT, P or K - 0.49
n 1.94 0.69 t , J 

I



Tsbls 5(b) • Sffeot or dirf&raat layela or nutricmta and harvest intervals on tbs wimYtay of
tillers without inTloreaoanoe per dump in tha second year* 1981-82*

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 Pi Pa P3

“1 21.4 22.1 13.3 17.4 17.2 12.5 13.2 17.1 18.5 19.1 17.9 18.9 17.9
“2 19*0 20.9 16.7 17.1 15.0 12.0 17.1 15.7 17.1 18.3 16.7 18.0 16.4

20.1 19.S 16.1 17.9 17.2 13.4 17.4 17.8 16.6 17.7 18.1 16.7 17.4

Pi 17.4 21.6 18.4 17.7 17.7 12.6 17.6 15.4 17.7 19.6 - - -
21 *3 20.4 17.3 16.7 17.5 14.0 17.9 18.0 17.1 18.5 - -

•

P3 21 .9 20.9 15.9 18.0 15.0 11.7 17.2 17.3 17.4 17.0 - - cxc
*1 20.3 21.9 15.0 15.7 16.1 12.3 16.9 - - - - -

*2 18.9 20.4 17.5 10.7 17.2 11.0 17.4 - - - - - -

*5 21.3 29.5 19.1 16.1 16.0 14.2 16.3 — - - - - -

Kean
(H) 20.2 20.9 17.2 17.5 16.7 12.0 17.6

11 can C.D.(0.Q5)
IT, P or K

H 2 .2 0

S.E.
0.57
0.81



Tafrl« 5(o) • Bffeot of different levels of nutrients and harvest intervals on tho wnmYmg. oftillers without inflorescence per olunpi mean vnluoo for two years*

*1 *2 *3 h4 *5 h6 Moan ki k2 *3 »1 *2 *3

*1 16.7 16.1 14.5 14.0 14.1 10.4 14.1 13.6 13.9 14.9 13.3 15.6 13.5
*2 15.2 15.3 13.9 12.3 12.1 10.2 13.2 12.4 13.1 14.2 13.1 13.2 13.4
*5 16.4 14.4 12.1 14.2 14.0 10.2 13.5 <3.7 13.5 13.3 13.7 13.2 13.7

>1 13.6 14.9 14.5 13.2 14.1 9.3 13.4 11.6 13.5 15.0 - - -
% 16.6 15.5 13.6 13.6 13.6 11.1 14.0 14.2 13.6 14.2 - - -

*3 18.0 H.7 12.2 14.1 12.4 3.9 13.3 14.0 13.5 13.2 - - t.- c

*1 16.1 17.2 12.5 12.5 13.0 9.2 13.3 - - - - - -
*2 15.7 H.4 13.5 14.0 13.7 9.3 13.5 - - - - - -

16.5 14.4 14.4 14.4 13.4 11.7 14.1 — — — — - -

M e m
(H)

16.1 15.3 13.5 13.7 13.4 10.3 13.6

Mean 0.D • .10 . m S.E.
n, p or K - 0.39
n 1.55 0.55



year the lowest umber was obtained for 75 kg F^O^/ha*
The umber of tillers without inflorescences ranged fron 
9*1 to 10.3 in the first year and from 17*2 to 17*9 in the 
second year.
Effeot of potassium

Increase in the levels of K^O had also no signi
ficant influence on the number of tillers without 
inflorescence separately for ths two year3 and in the mean 
value for both the yoaro. The number of non-floworcd tillers 
increased with increasing levels of K^O in both the years.
Tho numbers recorded at 25. 50 and 75 kg KgO/ha in the first 
year wore 9.6, 9.6 ond 10.1 respectively and those in the 
second year woro 16.9, 17.4 ond 13.3.
Effeot of harvest intervala

Increasing the intervals of harvest decreased the 
number of tillers without InfloreDoencca significantly for 
both tho yooro. Tho harvest interval of 65 day a recorded 
tha oiniLcum numbor of non-flouorod tillorn in both tho 
years and it was significantly lower than all other harvest 
intervals os per the mean valuo for the two yoaro. Tho 
nmbor of nan-flowere<l tillers reoordad with this treatment 
was 7.9 in tho first year and 12.0 in the second year.
Tho moon number of non-flowered tillers for two years 
togethor ranged from 10.3 at tha longest interval to 16.1 
for tho treatment harvested at 40 days interval.
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Herbage yield. oil yield* oil content and dry matter yield. 
Herbage yield

The results on fresh herbage yield as influenced by 
the levels of Nf ?, E and H are presented in Tables 6 a, b 
end o and in Pig.2 and 6.
Bffeot of nitrogen

There was significant difference in the herbage yield 
with different levels of IT in the first year. The highest 
yield (14.15 t/ha) was recorded with 50 kg IJ/ha and it woe 
significantly higher than tho other two levels of IT at 75 
(13.33 t/ha) ond 25 kg/ha (13.17 t/hn).

N levels did not shew a significant result in the 
second year. Howevor, higher levels showed a tendency to 
inoroase tho yield of herbage.

Tho total grass yield for two years also allowed no 
Blgolfioont difference due to different levels of II and the 
herbage yields obtained at 25v 50 and 75 kg/lia ware 40.62, 
42.63 end 42.59 t/hn rcopootivoly.
Effeot of phosphorus

Increasing ths levalo of Pg°5 IJioreased tho herbage 
yield signifloantly in both the years ond the total yield 
for two years. The highest hsrbago yield was reoorded 
with P20j at 75 kg/ha followed by 50 kg and 25 kg/ha and 
all the three levels were signifloantly different in both 
ths years. Ths yields obtained at 25, 50 and 75 kg 
wars 12.32, 15*72 and 14*60 t/ha respectively in the first



Tiklt 6(a) • Sffaot of ilfferoat levels of nutrients and harvest intervals on herbage yield( t/ha) la  the f ir s t  year* 1900-61.

h *2 *3 h4 *5 *6 Mean k1 *2 *3 *1 *2 >3

*1 11.93 12.64 13.14 14.58 12.69 14.02 13-17 12.as 13.17 13.47 11.60 13.91 13.99
■2 12.39 13.27 14.08 14.51 14.24 16.45 14.15 14.31 13.59 14.56 13.46 14.26 14.74

*5 12.10 13.46 12.05 13.15 14.32 14.09 13.33 13.16 13.21 13.60 11.90 13.00 15.06

*1 10.49 12.21 11.91 13.29 12.31 13.72 12.32 12.00 12.49 12.47 - - -
12.41 12.91 12.09 13.45 14.08 15.79 13.72 13.26 13.41 14.49 - - -

*3 13.51 14.26 14.44 15.48 14.05 15.83 14.60 15.05 14.06 14.68 - - -

*1 12.71 12.60 12.69 15.55 14.07 15.02 13.44 - - - - - 1 C6

*2 11.55 12.97 12.75 14.34 13.39 14.93 1^.32 - - - - - -

*3 12.15 13.ao 13.79 14.33 13.79 15.41 13.88 — — • — • •

I
s 12.14 13.12 13.03 14.07 13.75 15.12 13.55

II oca 0 .0.(0.05) S.E.
:if ? or 0.674 0.239

HP, T1X or PS 1.168 0.415
n 0.954 0.339



Tillt 6(b). Sffeot of diffsroat levels or nutxlenta and harveot Intervale on htrbue yield(t/ho) in tha aeoond yeari 1931-82.

*1 *2 *3 h4 *5 *6 iioon k1 *2 k3 P1 »5

“l 25.29 27.94 24.06 23.92 26.02 29.73 27.45 26.55 23.46 27.37 25.67 27.28 29.41
"2 24.84 26.31 25.41 29.90 30.50 33.19 28.44 26.92 27.98 30.43 27.44 28.54 29.35
“3 26.24 26.94 24.27 23.41 32.59 34.05 2Q.75 29.36 26.23 30.66 26.50 •03CM 31.04

Pi 23.56 25.92 24.55 23.36 27.24 29.00 26.54 25.43 26.46 27.72 - - -
% 24.74 26.02 24.81 27.70 31.90 33.00 20.13 26.56 27.64 30.33 - - - .

*5 28.27 29.74 25.13 31.13 31.09 33.36 29.94 30.34 20.57 30.41 - - -

*1 26.98 26.57 23.27 27.14 30.60 30.33 27.61 - - - - - CD—  S*

*2 24.65 27.39 23.43 27.55 30.53 31.79 27.56 - - - - - -

*3 24.74 27.72 27.34 32.56 29.73 34.29 29.49 — — - - • —

H w u
(H)

25.46 27.23 24.35 29.03 30.37 32.32 28.22

Meon 0 .T) ,(0.05) S.E.
r# P or K 1.595 0.567
IIP, ITTC or W, 2.762 0.982
1 2.256 0.801



Tibia 6(a)* Sffwi of difforoat levels or auti'leato ojad harveat lntorrali on herbage yield(t/ha) 1 pooled data far two years.

h *2 *3 h4 *5 *6 Moon k1 *2 *3 *1 >3

*1 37.22 40.65 37.99 43.51 40.70 43-70 40.62 39.41 41.63 40.85 37.30 41.19 43.39
®2 37.23 40.12 39.47 44.41 44.66 49.70 42.63 41.30 41.59 44.99 40.93 42.86 44.11
■5 38.31 40.40 37.42 43.49 46.97 40.94 42.59 42.74 40.74 44.29 38.41 41.96 47.40

»1 33.85 38.13 30.46 41.65 39.54 43.57 30.08 37.50 38.95 40.20 - - -
»2 37.15 38.93 37.70 41.60 47. C4 49 .60 42.00 40.10 41.06 44.85 - - 1

>3 41.77 44.04 40.71 40.15 45.9b 49.16 44.97 45.65 43.95 45.08 - - CD
*1 39.69 39.24 35.96 41.13 44. j7 45.91 41.15 - - - - - Ul

*2 36.20 40.40 37.27 43.30 43.93 40.72 41.32 - - - - - -
36.89 41.52 41.64 46.89 43.62 49.70 43.38 • — • • •

M e n
(H) 37.59 40.39 30.29 43-00 44.10 47.44 41.95

Mean C.B.(0.05) G.E.
IT, lJ or 2 1.053 0.650
H 2.620 0*931



year and th* corresponding yields for the aeoond year were 
26.54* 28.18 and 29*94 t/ha.
Effeot of potaaalna

lnoreaae in the levels of KgO from 25 to 75 kg/ha 
did not increase the herbage yield signifloantly during the 
first year. The yields obtained at 25* 50 and 75 kg KgO/ha 
were 13*44* 13*32 and 13.80 t/ha respectively.

In tho second year, and in the total yield for two 
years, lucre an 9 in the levels of Ko0 inoreaaed the herbage

M

yield significantly. Highest herbage yield in the second 

year wao recorded with Ko0 at 75 leg K^O/ha (29*49 t/hn) 

and it was superior to tho othor two lovel3 of KgO (27.61 
and 27*56 t/hn at 25 and 50 kg Kr,Q/ha respectively).

In the oacG of total herbage yield oloo, tho highest 
level applied reoorded significantly higher yield than the 
other two lovolo. 
ftutrient IntargetIona

The Interaction betweon N and P was oignifioont in 
the first yonr and tho maximum yiold woo rooordod by 
The Interact Lon of FT with K wan oignifioont in the second 
year end the hlghcnt yield wee rooordod by ilJl̂ * 
g&flfli ffif harT9H_V intQryala

Hart)ago yield in the first year* second year end 
the total yield for the two years were influenced signi
ficantly with different intervals of harvsst. Harvesting 
tbs grass st 65 day intervals reoorded ths uxisas grass

9G



yield in both the years and the grass yield lnoreased alnost 
linearly uith increase in the intervals of harvest.

In the first year, harvesting the grass at 65 day 
intervale was significantly superior to all other harvest 
intervale. The loveBt yield was recorded in the treatment 
where 40 day interval was resorted to and the yield ranged 
between 12.14 end 15.12 t/ha.

In the seoond year, there was no significant difference 
between 65 and 60 day intervals and the lowest yield was 
recorded by the 50 day interval. Tho yield obtained with 
different intorvals of harvest varied fron 24.85 to 32.52 
t/ha.

The treatment harvested at 65 day intervals was 
significantly superior to all other harvest treatments in 
the total yield for two years also and the lowest yield 
woo rooordod with 40 day lntorvalo.
o n  a m

Data of the oil ylold obtainod in tho first year, 
second year ond the jjoolod data for both the yoaro ao 
Influenced by the different lavolo of N, 1', K and H are 
presented in Tables 7 a, b and o and in Fig. 2 and 6■
Efftot of nitrogen

Effect of N on oil yield was not significant in 
either of the years as well as for the pooled data for the 
two ysars.

The treatment 50 kg E/ha reoordad the earleun oil



yield in both the years and the grass yield increased almost 
linearly with increase in the intervals of harvest.

In the first year, harvesting tha grass at 65 day 
intervals was significantly superior to all other harvest 
intervals* The lowest yield was reoorded in the treatment 
where 40 day interval was resorted to and the yield ranged 
between 12.14 end 15.12 t/ha.

In the second year, there was no significant difference 
between 65 and 60 day intervals and the lowest yield was 
recorded by the 50 day interval. Tho yield obtained with 
different intervals of harvest varied from 24.85 to 32.52 
t/ha.

The treatment harveoted at 65 day intervals was 
significantly ouporior to all other harvest treatments in 
the total yield for two yeara also and the lowest yield 
won rooordod with 40 doy intervals.
Oil yield

Data of the oil yield obtained in tho first year, 
second year ond the poolod data for both the yeara as 
influenoed by the different lcrvolo of II, r, K end H rvre 
presented In Tables 7 a, b and o and In Fig. 2 and £•
ETXeot of nitrogen

Bffeot of R on oil yield was not significant in 
cither of ths years as well as for tha pooled data for the 
two years.

The treatment 90 kg N/ha reoorded the aaxlaon oil



Table 7(a). Effect of different levels of nutrients and harvest intervals on oil yield (kv/he)in the firet yeari 190081. ^

*1 *2 “3 h4 *5 *6 Mean k1 *2 *3 »1 *2 *3

“1 29.32 31.13 35.26 39.70 35.65 30.10 34.87 36.21 35.29 33-74 30.39 36.04 37.39
“2 26.52 31.54 38.23 40.19 39.40 44.72 36.70 37.74 34.30 58.26 35.00 37.17 37.33

29.15 32.21 31.34 36.01 39.88 41.74 35 .06 34.50 34.85 35.80 29.79 33.10 41.46

*1 25.83 29.53 31.59 36.03 32.87 36.01 32.00 33.29 31.03 31.67 - - -
*2 28.80 30.84 34.37 36.18 4?. 26 43.07 35.97 34.65 35.67 37.62 - - -

*3 30.31 34.45 38.61 43.63 3 - .30 45.55 38.73 40.53 37.76 37.91 - - * CO
*1 30.36 31.25 34.67 39.79 39.34 40.95 36.15 - - - - -

CO

*2 26.00 31.95 32.66 38.29 36.96 42.24 34.02 - - - - - -

*3 27.33 31.68 37.55 37.31 33.63 41.55 35 .73 — — — — •

Mean
(H) 28.33 31.63 34.96 33.65 30.31 41.55 55 .57

Mean P.P.(0.05) S.E.
n, ? or K 2.432 0.064
n?f ITZ or 4.212 1.496
II 3-440 1.222



Tsbls 7(b) • Sffeot of different levels of nutrients and harvest Intervals on oil vlsld (ka/ha)In ths second yeari 1331-62. J

*1 *2 “3 h4 *5 *6 I lean k1 *2 *3 P1 >3
“1 54.76 63.70 60.72 70.63 69.40 84.97 67.37 66.94 71.38 63.79 69.76 71.14 66.22
■2 *9.47 61.79 53.70 74.54 84.80 89.27 69.76 69.34 60.36 71.59 66.37 71.02 71.90
*5 51.71 53.58 60.97 73.00 89.01 93-00 71.06 72.07 69.20 71.91 64.54 70.97 77.67

»1 43.73 60.32 59.96 71.20 71.36 78.74 65.22 65.58 63.54 66.56 - - -
51.29 58.67 61.93 69.35 69.36 95.11 71.04 68.00 72.13 72.20 - - -
55.92 64.57 53.42 77.17 02.00 95.40 71.93 73.90 73.28 68.52 - -

*1 54.06 61.47 57.37 63.41 85.15 89.75 69.45 - - - - -
c.2

*2 53.10 61.76 53.51 70.12 65.09 69.30 69.64 - - - - - -
43.73 60.83 64.02 79.69 72.96 66.27 69.09 — — — — - -

Naan
(H)

51.98 61.35 60.15 72.74 31.07 69.11 6n.40

11 eon C.D -(0.05) 3 .E.
T, ^ or K 4.000 1.422
H 5 .660 2.011



Table 7(o) • Effect of different levels of nutrlanto and harvest Intervals on oil yieldpooled data for two years.

*1 *2 *3 h4 *5 h6 Mean k1 k2 *3 *1 »2 *3

*1 80.76 94.33 95.99 110.33 110.95 123.15 102.60 103.15 105.00 99.87 95.15 106.31 106.56
*2 76.02 93.32 96.93 114.73 124.21 130.6b 105 .99 104.32 103.78 109.84 103.20 108.19 106.47
*5 84.19 90.79 92.37 103.95 128.39 134.32 106.67 106.57 105.73 107.71 94.33 106.52 119.15

»1 74.62 90.40 91.53 107.23 104.73 116.97 97.59 98.87 95.67 98.23 - - -
*2 60.10 39.51 96.55 105.97 131 .63 138.18 107.01 103.43 107.79 109.80 - - -
*5 86. 22 99.02 97.10 120.56 127.69 133.47 110.73 111.73 111.05 109.40 - - M  “ OO
*1 84.92 92.72 92.54 103.20 124.50 125.19 104.60 - - - - -
*2 79.91 93.71 91.17 103.41 122.05 133.70 104.80 - - - - - -

*3 76.11 92.51 101.62 117.45 117.50 129.66 105.00 — — — - —

Ham 30.31(H) 92.98 95.11 111.35 121 .35 129.54 105.12

Mean C.D.(Q.Q5) S.E.
77, P or E 4.973 1.769
ITZJ, 77K or rZ 3.613 3-065
H 7.033 2.499
rmf hi or kit 12.101 4.330



yield of 36*78 kg/ha In ths first year end the oil yielda 
obtained at 25 and 73 kg N/ha vers 34*67 and 33*06 kg/ha 
respectively. In the aeoond year, the maximm oil yield 
waa reoorded with 73 kg N/ha (71 *06 kg/ha) end the oil 
yielda at 25 and 50 kg N/ha were 67*37 and 69.76 kg/ha 
respectively.

The maximum oil yield as per the pooled data for two 
years waa also reoorded by 75 kg II/ha.
Effeot of •phosphorus

Oil yield increased progressively with increasing 
levels of PgO^ and the treatment in which 75 kg I^O^/ha was 
applied rooorded tho highest oil yield in both tho years. 
Paring the first year 75 kg P20̂ /lia was significantly 
suparior to the otliar two lovels and biio throe levels uoro 
sigiificantly difforont.

In the oooond year, and in tha pooled data for two 
years also 75 kg PgO^/ha rcooidod tho maximum oil yield, 
but there was no significant difforanoa botwoan 50 and 75 
kg PgQj/ha and both of them woro significantly different 
froa 25 kg ? 2°5 • Th9 oil yiolde obtains! at 25, 50 ond 75 kg 
P20j/ha in the first year wero 32.00, 35.97 and 30.73 kg/ha 
respectively end that in the eeoond year were 65.22, 71.04 
end 71*93 kg/ha respectively.

Different levela of K^O oculd not produoe any 
significant affaot in both the years end in the pooled data



I

for tvo years also*
The oil yields obtained at 25 * 50 and 75 kg KgO/ha 

in the first year were 36.15 * 34.82 and 35.73 kg/ha and 
that in the second year were 69.45* 69.64 and 69>09 kg/ha 
respectively • 
nutrient Interactions

Interaction between N and P w&b significant during 
the first year and in the pooled data for two years. In 
both the years the oonbination reoorded the maximum
oil yield.
Effect of harvest intervals

Oil yiold woo influonced significantly with 
different intervals of harvest in both the years. Tha 
increase in oil yield waa alaosfc linear as tho intervals 
of harvest increased and the treatment harvested at the 
maximm interval viz., 65 days recorded the highest oil 
yield in both the yoaro. In tho first year, it was on par 
with 60 ond 55 day intorvalo and tho yiold ranged from 28.33 
to 41.55 kg/ha. In tha oooond year, tho highest yield of 
09.11 kg/ha rooordod with 65 day intorvalo was oignifioantly 
superior to all other harvest intervals. The lowest yield 
was reoorded with 40 days interval in both the yoora.

Tha treatment harveeted at 65 day intervale waa 
slgnifioently superior to all other harvest intervals in 
tha pooled data for tvo yeara also.
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10 3

with harreat iaterrala 
The Interaction between P end H waa significant In 

the pooled data for two years. Highest yield waa raoorded 
by pghg followed by p^hg.
Oil QQDtent In tho herbage on, fresh wolflht boala

Tha results on the percentage of oil in the herbage 
an fresh weight basis (volunc of oil/voight of herbage) as 
Influenood by different lavala of i:f iJB II and H aro presented 
in Tables 0 a, b and c and in Pig. 2  end 6 .

~ffoot of nitrogen
Inoroaao in the lavolo of II froa 25 to 75 kg/hn did 

not inflnanoa tho oil content significantly in both tho 
yecra and in the ncazi for tho two years• Tho lowest level 
of H applied raoordoi tha highest oil cantant in botn tho 
yoara end tho noon oil contents at 25* 50 and 75 kg P/ha 
in the first year worn 0.201, 0.2'JO and 0.292 par cent 
roapootivoly and those in tlio second year «oro 0.27b*
0.272 and 0.275 par oent respectively.

Inoraaoo in tho lavala of Po0r did not influenoo
6  J

tha oil oontont aifyiiflonntly in both tha yenra and in tha 
maan vnluo fbr two years. Ho definite trend waa noticed 
in tha oil oontant with inoreasci in tha level of Po0 c . Thad 5
aaan oil oentente reoordad In tha flrat year at 25 • 50 and 
75 kg PgOj/ha were 0.293* 0.292 and 0.297 par oent 
respectively end in the eeoond year theae ware 0.274*



Table 8(a)- Effect of different levela of nutrient a and harvest intervals on oil oontsnt onfresh weight baaia (per cent) in tha first yeari 1960-81.

*1 *2 *3 h4 *5 *6 Moan k1 k2 *1 »2 >3

*1 0.274 0.27S 0.315 0.311 0.316 0.312 0.301 0.317 0.302 0.205 0.300 0.303 0.301

"2 0.247 0.266 0.303 0.310 0.310 0.304 0.290 0.294 0.203 0.295 0.299 0.267 0.285
*5 0.268 0.259 0.301 0.300 0.313 0.317 0.292 0.295 0.289 0.293 0.265 0.286 0.306

0.275 0.274 0.309 ■̂•309 0.307 0.295 0.295 0.310 0.270 0.296 - - -
*2 0.259 0.256 0.304 0.299 0.321 0.310 0.292 0.292 0.214 0.290 - - -

0.255 0.271 0.303 0.312 0.311 0.326 0.297 0.304 0.301 0.207 - -

*1 0.230 0.279 J.315 0.317 O • VjJ —k VJ1 O.3O0 0.302 - - - - - JE

*2 0.256 0.263 0.299 0.301 0.309 0.319 0.291 - - - - - -

*5 0.253 0.260 0.310 0.302 0 .3 15 0.305 0.291 — — — — —

Kean(H) 0.263 0.267 0.307 0.307 0.313 0.311 0.294

I Ig o zl  C.P.(0.05)
TT# P or K - 0.0043
II 0.0171 0.0061



Tabla 3(b). Kffoot of diffarent lavelo oJT nutrients and harvest intervals aa oil oantsnt onfresh weight basis (per oent) in tho second yeari 1981—02.

*2 *3 h4 ix*j *6 Moan k1 k2 *3 *1 *2 *3

“1 0.233 0.256 0.260 0.275 0.300 0.324 0.276 0.281 0.273 0.274 0.275 0.284 0.269
*2 — • ✓ 0.238 0.253 0.230 0.314 0.309 0.272 0.283 0.272 0.262 0.272 0.272 0.275
“5 0.225 0.245 0.271 0.273 0.317 0.317 0.275 0.278 0.205 0.267 0.274 0.278 0.272

*1 0.230 0.2b0 0.266 0.231 0.296 0.303 0.274 0.284 0.270 0.260 - - -
0.221 0.250 0.278 0.284 0.315 0.319 0.278 0.284 0.2Q6 0.2o4 - - -

*3 0.222 0.250 0.254 0.268 0.319 0.317 0.272 0.275 0.274 0.264 - -

*1 0.226 0.259 0.263 0.284 0.320 0.327 0.231 - - - - -
ai

*2 0.226 0.252 0.270 0.274 0.3H 0.324 0.277 - - - - - -

*3 0.221 0.249 9.259 J.274 0.29 b 0.2'J 3 u.2u5 — — — — - -

M— L
CH) 0.224 0.253 0.236 0.278 u .510 0.315 0.274

I lean C.S.(0.05)
N# r or K 0.0094 0.0033
II 0.0133 0.0047



Tshla 3(e). £ff eot of different levels of nutrients and harveot intervals on oil oontmt
an fresh weight banla (por aant)i neon values for tuo years*

*1 *2 *3 h4 *5 *6 Moon *1 k2 *3 *1 *2 *3

■l 0.264 0.267 0.292 0.294 0.303 0.317 0.291 0.304 0.230 0.280 0.268 0.298 0.285
“2 0.231 0.262 0.287 0.295 0.312 0.317 0.234 0.294 0.200 0.278 0.291 0.200 0.281

*3 0.246 0.252 0.2*36 0.237 0.315 0.314 0.263 0.287 0.287 0.277 0.280 0.282 0.289

»1 0.252 0.267 0.260 0.295 0.302 0.313 0.206 0.302 0.274 0.282 - - -
»2 0.250 0.253 0.291 0.292 0.310 0.315 0.237 0.293 0.290 0.277 - - -
*5 0.238 0.260 0.236 0.290 O o H 0.321 0.2® 0.290 0.290 0.275 - -

*1 0.263 0.259 0.291 0.591 0.318 0.529 0.295 - - - - -
*2 0.241 0.257 0.233 0.207 0.512 0.522 0.2134 - - - - - -

*3 0.237 0.255 0.2 35 0.203 001 r, •
C 0.290 0.278 — — — — — —

Mesa(3) 0.247 0.260 0.260 0.292 .312 0.316 0.235

I Leon «■3-D. (0.05.) 5 . E,• w
** » - or K 0.0081 0.0029

Us, riE or PK 0-0140 0.0049
II 0.0115 0.0041



1« )7

0.278 m sd 0.272 per oent respectively.
Effect of potassium

Different levels of KgO did not lnfluenoe the oil
content significantly during the first year, but increase
in the levela of KgO tended to decrease the oil oontant.
Thao at 25, 50 end 75 kg KgO/ha the oil contents were 0.302,
0.291 and 0.291 per cent respectively.

In the second year tho effeot of KgO was significant
and tho oil oontant decreased as the levels of K^O increased.

«

The oil content at 75 kg/ha (0.265 per cent) was signifi
cant!y lower than that at 50 kg (0.277 per oent) and at 
25 kg E^O/ha (0.231 per cent) and there was no significant 
difference between these two levels.

Tho noon oil content for two yaora also decreased 
with increase in the lavela of E^O and the lowest value

CL

recorded with 75 kg/lia was significantly lower than that at 
25 kg Kgj/ha. 
flutrlmt in tor not long

The intornotion between 1J and K was significant in 
th© pooled data for two years. Th© highest valuo for oil 
contont was recorded in tho troatnant P^k^.

Mbejoraift
Th© oil content waa influenced ©ignifioantly by 

different interval© of harvest In both the year© and It 
increased almost linearly with lnoreaae in the intervale 
between harvest a. The highest value was reoorded with 60



day a interval (0.313 per oent) In the first year and it 
wee on par with 65* 53 end 50 day intervals. The lowest 
value (0.263 per oent) was reoorded with 40 days interval.

In the second year, the highest value was reoorded 
with 65 days interval (0.313 per cent) and there was no 
significant difference between 65 and 60 day intervals.
The lowest value (0.224 per cent) was recorded with 40 days 
interval in this year also.

There won no significant difference between 65 and 
60 day intervale in the neon values for two years and both 
these wore significantly iiighor than the other intervals 
of harvest.
Dry oat tor yiold

The mean dry natter yield for different treatments 
obtained in the first year, second year and tho pooled 
data for two years are presented in fables 9 a, b end o.
Dffoct of nitrogen

Different levels of r Influcnood dry nattar yield 
significantly in the firob year. Tlio highest yield 
(5i00 b/ha) woo rooortfol at 50 kg Il/lm Oiid it was olfjii- 
flcantly Lioro than the yields at 73 and 25 kg H/ha.

Diy natter yield lnoreaoed with increase in the 
levels of <! in the oaoGnd year, though tho difference 
between the treatments was not etatiBtioally significant.
The yields obtained at 25* 30 and 73 kg N/ha were 7.66,
7 *9 0  mtd 8.17 t/ha respectively •

I

lu3



Tihlt 9(a) • Sffftot of differttit levels of nutrients aod harveot Intervals on dry Batteryield (t/ha) lnj the first yeari 1980-81.

*1 *2 *3 h4 *5 *6 Moan k1 *2 *3 *2 *3

■l 3.80 4.14 4.43 5.34 4.17 5.97 4.64 4o5 4-61 4.76 4.16 4.88 4.89
*2 3.91 4.45 4.31 5.24 4.75 6.85 5.00 5.01 4.79 5.20 4.74 5.04 5.24

3-84 4.49 3.95 4.06 4.67 6.17 4.66 4.56 4.61 4.83 4.15 4.58 5.27

>1 3.34 4.14 4.05 4.84 4.01 5.71 4.35 4.23 4.40 4.41 - - -
% 3.97 4.2S 4.30 4.38 4.37 6.70 4.83 4.63 4.74 5.12 - - -

*3 4.25 4- .66 4.84 5.73 4.71 6.59 5.13 5.26 4.88 5.25 - - - yv
*1 4.02 4.10 4.24 5.00 4.62 6.26 4.70 - - - - -

c.

*2 3.67 4.25 4.31 5.20 4.33 6.22 4.67 - - - - - -

*3 3.35 4.72 4.o4 5.25 4.59 6.53 4.93 - - - - - -

Moan(H) 3.85 4.36 4.40 5.15 4.53 6.35 4.77

Mean -1j .L.(0.03) u • E.
IT, or k 0.235 0.083

0.332 0.116



Tahla 9(b) • Effect or dirferont leva la or nutrient a and harvest intervals on dry matteryield (t/ha) in tha saoaud yeari 1‘J01-{j2.

N *2 *3 h4 *5 Moon k1 *2 *3 *1 »2 *3

“1 6.03 7.12 6.52 7.37 8.17 10.20 7.66 7.36 7.99 7.64 7.34 7.62 8.02
■a 5.35 6.82 6.62 8.21 0.36 11.52 7.90 7.00 7.74 0.50 7.58 8.07 8.06

*3 6.23 6.82 6.61 a .22 9.41 11.70 0.17 0.25 7.78 0.49 7.48 8.03 9.00

»1 5.53 6.94 6.47 7.67 7.06 10.30 7.47 7.10 7.55 7.66 - - -
*2 5.32 6.56 6.4*6 7.63 9.12 11.79 7.91 7.73 7.76 8.55 - - -

»3 6.83 7.28 6.31 3.94 3.95 11.35 0.36 8.47 8.19 8.42 - - KL—
*1 6.47 6.62 6.17 7.45 8.85 10.65 7.79 - - - - - C

*2 5.81 7.16 6.42 7.39 3.70 11.03 7.83 - - - - - -
5.90 6.99 7.22 3.97 a.39 11.78 G.21 — — — • •

H a m(3)
6.06 6.92 o .58 3.10 J.6'5 11.15 7.91

I Ison C .T*. .(0.05 ) r*iJ 9 IS.
II9 r or Z 0.431 0.153
H 0.610 0.217



Table 9(o) • Effect of different levela of nutrionta and hnrvoot Intervale an dxy Batter yield(t/ha) < pooled data for two yeara.

*1 *2 *3 h4 *5 *6 I Icon k 1 k2 »1 »2 *3

*1 9.33 11.27 10.95 15.21 12.54 16.27 12.50 11.90 12.61 12.40 11.49 12.49 12.92

■2 9.34 11.30 11.50 15.50 15.14 16.50 12.94 12.01 12.53 13.70 12.31 13.43 13.29
*5 10.12 11.31 10.56 15.08 14.07 17.85 12.85 12.60 12.59 13.32 11.62 12.61 14.27

»1 8.87 11.07 10.52 12.51 11.87 16.05 11.01 11.42 11.95 12.07 - - -
*2 9.79 10.33 10.36 12 .56 15-99 13.49 12.65 12.56 12.50 13.67 - - -
*5 11.00 11.94 11.60 14.63 15.66 17.95 15.49 13.73 13.06 13.6b -

•

_  H

*1 1 U.30 1C .72 10.41 12.44 15.47 16.31 12.51 - - - - -
K-1

*2 9.49 11.42 10.73 13.09 15.Co 17.25 12.51 - - - - -

*5 9.76 11.71 11.36 14.22 12.37 1 C .  31 15.H — — — — *" -

H a m
(H) 9.91 11.23 11.00 15.25 15-18 17-45 12.71

n
ii# r or r

D.(0. 
0.502
0 a >--*2 j

0.207
0.292



1 1 2

Different levels of N shoved significant influence 
an ths total yield for tvo years. The maximum yield v&s 
reoorded at 50 kg N/ha and it was significantly superior to 
the lowest level of N, hut an per with 75 kg N/ha.
Effeot of -phosphorus

Dry natter yield in both the years and the total 
yield for tvo years were significantly inoreaaed with 
increased levela of . All the three levels wore signi
ficantly different in both tho years and in the total yield 
for two years also. The yields at 25, 50 ond 75 kg PgO-/ha 
during the first year were 4-35, 4.G3 and 5.13 t/ha rcspeo- 
tivoly and tho yields rooordcd in the oecond year corres
ponding to tho above trcatnants wore 7.47, 7.91 ond Q .36 

t/hn.
Effect of potapaiun

Difforont levels of K^O did not significantly 
JLnfluanoo ths dry nutter yloH in both tho yoara and in the 
moan valuo for two yoaro. Tho yialdo rooordod at 25, 50 
and 75 kg KgO/hn in tho first yoor woro 4.70, 4.67 and 
4*93 t/ha respootivoly and that in tlis oooand yoar wore 
7.79# 7.03 and 0.21 t/ha.

Dry matter yield inorsnood signifloantly with 
increased intsrvsls of harvest. Ths maximum dry matter 
yisld was reoorded with a harvest interval of 65 days in 
both ths ysars and it was signifloantly superior to ths 
othsr harvest intsrvals. Ths lows at yisld was recorded



for tha short eat interval tried viz., 40 days, in both tha
years. Tha dry natter yield obtained during the first year
ranged from 3.33 to 6.33 t/ha while that in the second year
varied from 6.06 to 11.15 t/ha.
Fh.yaioo-ohenioal properties of the oil
Gas Liquid Chromato/gra-ohlo oaalyoio of oil obtained in the first year

It nay be mentioned hero that the oil yield obtained
per plot in the year igGO-’QI was not sufficient enough for
studying tho phyoioo-chemioal properties of oil by the
ohm 1 col Qothodo. Ilanoo, tho oil obtelnod from differant
harvests in a plot v/oro pooled end analysed by GLC for its
gercniol and goranyl acatato contents.
Goranlol oontont

Data on tho gercniol content of the oil obtained in
tho first yoar and determined by tho OLC aro presented in
Table 10,
Effect of nltrojan, phosphorus and potassium

Tho nnin offoots of II, i or K or tholr internetlano 
wero not signifioant. Tho vnluoo rooordod at 251 50 and 
75 Jcg H/ha wore 71.5, 6u.9 and 69.0 per aant respootivoly 
and tha valuaa at 25, 50 and 75 PgOjj/ha wore 69.5, 70.4 
and 70.2 por oanfc. Tha geraniol oontenta corresponding 
to the different levels of K^O were 70.9, 69.6 and 69.7 

per o«it roepeotlvely.

Jl l o



Table 10. Sffeot of diffsmt levels of nutriento and harraBt intarrali on gtmiol ooQinlof tho oil (per oent) deterained by GLG in tha first ye art 1960-61 •

*1 *2 *3 h4 *5 *6 Moon k1 *2 *3 »1 »2 *3

“1 63.6 75.6 69.6 73.5 74.7 71.6 71.5 71.9 70.1 72.3 71.7 71.9 70.8

*2 61.2 66.0 71.5 71.9 69.3 71.7 68.9 70.2 70.5 66.1 67.7 71.5 67.6

“3 57.3 71.8 73.1 73.9 72.4 70.3 69.8 70.6 68.1 70.7 69.2 67.8 72.3

»1 61.7 68.1 74.7 70.6 74.3 67.9 69.5 70.2 67.9 70.5 - - -
*2 59.1 73.3 69.1 75.8 74.1 70.4 70.4 72.2 69.5 69.4 - - -
»3 61.3 73.6 70.3 73.0 67.8 75.3 70.2 70.3 71.2 69.1 - - * M

*1 59.4 70.5 76.6 74.3 72.0 72.7 70.9 - - - - -

*2 59.6 69.3 70.1 73.3 72.6 72.5 69.6 - - - - - -

*3 63.1 75.6 67.4 71.8 71.8 60.4 69.7 — — - — - -

Im b<H) 60.7 71.3 71.4 73.1 72.1 71.2 70.1

Moan C .D.(0.05) S.E.
n, P or E - 0.99
a 3.94 1.40
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SEStsL of harveet intervale
Tho geraniol oantsnt waa influenced significantly 

by the different intervals of harvest. The highest value 
of 73*1 per oent was reoorded for 55 day interval bat there 
was no significant difference between the 45» 50, 55, 60 
end 65 day intervals. The value reoorded for 40 day inter
val waa signifloantly lover than that of all other harvest 
treatments.
Geranvl aoetate

The data on the goronyl acetate of tlio oil as deter
mined by the GLC arc furnished in Table 11.
Effeot of nitrogen, phoophorue and notaoalan

Different levela of N, r, E or their interactions 
oould not significantly influence the aeetQtc content of 
the oil. Tho voluoo rocordod at 25, 50 and 75 kg N/ha woro 
23«1 , 25.0 and 24«B por dent reopectivoly.

Tho values at 25, 50 and 75 kg Po0^/ha were 24.7,
24.2 ond 24.1 por oont roopootively and the corresponding 
values for the three lovolo of Ko0 were 24.0, 24.5 and 24.4 
per oent.

From the data it is evident that the lowest aoetate 
content woe recorded with 65 day interval (21.13 per oont) 
and the highest value with 40 day interval (52.7 per cent). 
The acetate oontant deoreaeed ae the interval of harreet 
inoreaaed end the value a recorded at 40. 41. 10. 1 1 . 60 and



fahla 11. Sffaot of different level a of nutrient a and harvoot intervals an gerenyl aoatataoontent of the oil (per cent) deterninijd by GLC In the first years 1900-81 •

*1 *2 *3 *4 *5 k6 I Icon k1 *2 *3 P1 *2 >3

*1 30.6 20.8 23.7 21.8 20.6 21.4 23.1 23.0 23.9 22.5 22.8 23.2 23.3
“2 31.7 26.1 24.1 22.4 24.6 20.9 25 .0 24.5 23.3 27.1 25.5 23*2 26.2
*3 35-9 23.9 22.4 21.9 21.7 23.1 24.0 24.5 26.3 23.6 25.8 26.1 22.5

*1 32.4 26.6 20.4 24.6 20.5 23.0 24.7 24.3 25.7 24.1 - - -
*2 34.3 22.1 25.6 19.3 21.0 22.1 24.2 23.0 24.0 24.7 - - -

*3 31.4 22.2 24.2 21.3 25.3 19.4 24.1 24.7 23.0 24.5 - - •—.
*1 34.3 25.2 19.1 21.7 22.9 21.0 24.0 - - - - —

rO')

*2 34.1 25.3 24.2 21.4 21.4 20.6 24.5 - - - - - -

*3 29.3 20.3 27.0 23.1 22.6 23.0 24.4 — — — — — —

Mean
(H) 32.7 23.5 23.4 22.0 22.3 21.3 24.3

I1C2ZI 0.D.(9.05) S.E.
II, ? or E - 0.01
n 3.23 1.15

i



1.17

65 day intervals were 32.7# 23*6, 23.4# 22.0# 22.3 and 21.8 
per oent respectively. Bat tha difference between 45# 50# 
55# 60 and 65 day intervals were not significant and all of 
them recorded lover acetate oontent than the 40 day 
interval treatment.
Physloo-chamioal properties of the oil obtained in the 
second year

The plotwioo oil yiold per harvest was not sufficient 
for the estimation of all tho physico-ohcnical properties 
of oil. Honoo tho oil separately distilled plotwioo were 
ooobined together for tho harvests of two brood oeacona 
viz., nonsoon Denson (Hoy to September) and a i m  or soQson 
(October to February) and tho ply’oice-chemical properties 
of tho oil woro dertominod.
3p e c iflo  g rav ity

Tho data relating to spoolfia gravity of tho oil at 
30*Cf obtained during the monsoon and ounnor seasons in 
the oocond year and tho neon for tho two scrsono are 
proaentod in Tabloo 12 a, b and o.
Effeot of nitrogen

The data showed that the opooifio gravity of tho oil 
wee not influenced significantly by tho different lcrvola 
of FT. The values obtained at 25# 50 and 75 kg/ha in the 
monsoon season were 0.8937 # 0.0951 and 0.0936 respectively 
while that in the sunser season were 0.0887# 0.0090 and 
0.8691 respectively.



Tahls 12(a). Effeot of different levela of nutrients and harvest Intervals on speoifio gravityof the oil (at 30*C) in tha uonaoan season* 1961-82.

*1 *2 *3 h4 *5 *6 Mean k1 k2 *3 *1 *2 *3

■1 0.3951 0.8923 0.3903 0.8965 0.8964 0.8916 0.8937 0.3937 0.0949 0.0926 01.8946 0.0931 0.6935
°2 0.3992 0.8936 0.3951 0.3957 0.3915 0.8942 0.8951 0.8966 0.0940 0 s Ui CD O .8930 0.0978 0.8942
*5 0.3946 0.0919 0.3933 0.8963 0.8920 0.8932 0.8936 0.3947 0.0926 0»•0 .0962 0.8932 O.Q914

*1 0.e951 0.8951 0.3930 0.39 SO 0.3947 0.8936 0.8346 0.3959 0.3934 0.0946 - - -
*Z 0.3972 0.8923 0.8959 0.6973 0.8925 0.8929 0.3947 0.3963 0.6949 0.8929 - - -
»3 0.3966 0.3923 0.8912 0.8929 0.8926 0.0924 0.8930 0.8928 0.8939 0.8927 - - h

*1 0.3935 0.8952 0.8933 0.3944 0.8949 0.0936 0.3950 - - - - -
1—‘• 03

*2 3.3969 0.8914 0.3924 0.8980 0.8916 0.8956 0.8941 - - - - - -
*3 0.3955 0.3912 0.8944 0.0061 0.3932 0.8913 0.8934 — — — — — -

Mam 0.3963 0.3527 0.3934 0.3962 0.8333 0.8930 0.8941(H)

Mean C.D.(0.Q5) S.E.
ITf P or K - 0.00071
m ,  m. or :-e: 0.00357 0.00127

H 0.00292 0.00100



Tihl* 12(Ta). Effeot of different levels of nutrlento and harveot intervale on ipeoifio
gravity of tha oil (at 30*0) in tho ounner asaooni 1lj81-Q2.

h *2 *3 h4 >*5 Mean ki k2 *3 *1 *2 *3

*1 0.9902 0.3897 0.3379 0.3370 0.-3G2 0 .3334 0.3837 0.8663 0.866b 0.6885 0.8889 0.8860 0,8894
*2 0.390b 0.3099 O.oo73 0.6377 0.3892 0.8336 0.8690 0.8368 0.8899 0.6384 0.6896 0.8886 0.8888
*3 0.3892 0.rWvS8 o»1o 0.6891 0.6687 0.3332 0.o091 0.8889 0.8882 0.8902 0.0907 0.880610.8879

*1 0.9901 0.3896 j.6097 0.6398 0.8394 0.3600 0.3897 0.0803 0.8894 0.0905 - - -
*2 0.3604 0.0837 0.3834 0.3374 0.3832 0.6679 0.8805 0.8886 0.8887 0.8879 - - -

*5 0.8903 0.9900 0.3879 0.8674 0.3885 0.S333 0.8887 0.8890 0.8888 0.8886 - - _ K*r—*0 • ”\
0.3889 0.9091 0.3335 0.3877 0.3607 0.3390 0.8388 - - - - -

CaJ

*2 0.9909 0.9903 0.6376 O.ciooO 0.8633 0.8636 0 .069 J - - - - - -

*3 0.9902 0.3639 0.3809 0.8390 0.6301 0.8877 0.3890 — • • — — •

K « i
m

0.8900 0.8895 0.8887 0.8332 0.8887 0.6884 0.0889

Mean C.^.(0.05) S.E,
Hf P or K 0.00009 0.00031
rTP, in. or jfK 0.00154 0.00055
H - 0.00045



Tab In 12(o) • Sffeot of different levela of nutriento ond horvoct intorvalo on opaoifio
gravity of tiia oil (at 30*0)* qocii valuo3 for tuo uoauono*

*2 N h4 *5 Hoan k1 *2 *5 Pi *2

*1 0.0926 0.0911 0.8006 0.3923 0.0924 0.3901 0.0912 0.8913 0.0917 0.0905 0.0917 0.G905 0.8914
“2 0.0949 0.3917 0.3912 0.3915 0.0902 0.3903 0.3917 0.3921 0.0921 0.8911 0.0912 0.0928 0.0912

0.9920 0.6903 0.0927 0.0920 0.G904 0.8907 0.3915 0.3910 0.8907 0.0920 0.0935 0.0912 0.8097

*1 O.0Q26 0.0914 O.0QH 0.0955 0.o920 0.3914 0.8921 0.0924 0.6913 0.0927 - - -
*2 0.0934 0.0904 0.3920 0.0925 0.3904 0.3905 0.6915 0.8920 0.0921 0.U904 - -

*3 0.8935 0.C914 0.0390
%

0.0903 0.3906 0.3G07 J.3903 0.3910 0.8911 0.0905 - - Hrvc
*1 0.0933 0.0922 0.0901 0.0911 0.8923 0.0915 0.0910 - - - - - -

*2 0.0936 0.3909 0.3901 0.8930 0.J901 0.6905 0.8915 - - - - - -

*3 0.3920 0.0900 0.0922 0.3925 0.8003 0.0093 0.0912 * — •

Hm q(H) 0.3932 0.0910 0 a3y-jvj 0 . -922 0.0910 0..-905 C.JJ15

I lean 0 .1.(0.05) 3.B.
fi, p or r: - 0.00052

I7rv :*E or JZ 0.00212 0.00075
a Q.jj173 0.00062



Effect of phosphorus
Different levels of PgO^ did not significantly 

influence the specific gravity of the oil in the monsoon 
season* The value a reoorded at 25, 50 and 75 kg PgO^/ha 
were 0.89460 0*0947 and 0.6930 respectively*

In tho summer so aeon higher levels of ^2^5 dQore&aQd 
the speoifio gravity significantly. The lowest value was 
reoorded with PgO^ at 50 kg/ha and tho values recorded at 
50 and 75 kg/ha were significantly lower than that at 25 
kg/ha. The values recorded et 25, 50 ond 75 kg PgO^/ha 
were 0*6897 , 0*0083 and 0.0807 respectively. In the mean 
value for the two seasons the effeeb of Po0<- was not signi
ficant but there woo a decrease in the specific gravity
with inorenao in the levele of P£0,-.
dffeot of POtaaaiTUi

Application of different lovolo of KgO showed no 
significant influenco on tho s p e o i f i o  gravity of oil in 
both tho seasons and in tho mean value for the two 90 as one. 
The values obtained at 25, 50 and 75 kg I^O/ha woro 0*0950, 
0*0941 end 0.0934 in tho monsoon season and 0*8880, 0.8090 
and 0.0090 in the summer season• In tho maan value for 
ths two seams, ths speoifio gravity of ths oil decreased
with Increase in ths levels of KgO.

Ths interaction between N end p was significant in 
both ths seasons sod in ths nssn value for ths tvo ssesons*
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Tha lowest specifics gravity was reoorded by in both 
the seasons. The interaction between N and K was signifi
cant in the summer seoaon and the lowest specific gravity 
waa reaorded by 
Effeot of harvest intervala

The effect of intervals of harvest on the speoifio 
gravity of oil was significant in the monsoon season and 
for the mean of the two seasons. Specific gravity was 
found to decrease as the interval between harvests increased. 
In the mean value for the two seasons the lowest value was 
recorded with the harvest interval of 65 drys ond the 
highest value with 40 day of harvest interval. Specifio 
gravity of the oil in the summer ooason was lower than that 
recorded in tho monsoon season and the values during the 
monsoon season ranged from 0.8927 to O .0963 end these in 
tho gunner ooason varied from 0.8082 to 0.8900.

Tho neon voluoo for tho two soroono recorded for 
the 40, 45, 50f 55» 60 and 65 day intorvolo wore 0.8932, 
0.0910, 0.8900, 0.GQ22, 0.8910 and 0.8905 respectively.

Data relating to the rofraotivo index of tho oil at 
30*0 as influenced by different levels of II, P, K ond II 
are presented in Tables 13 a, b and o. 
gffaot Qf nitrogen

Tha refractive Index of the oil waa significantly 
influenced by different levels of N in tha ecniocn season»



Table 13(a)* Effect of cLiffareni; levela of mitrienta and harveat Intervals an refractiveIndex Q-f the oil (at 30"0) in the nanaoon aeraoni 1901-02.

*1 *2 s h4 0 *0 Mean k1 *2 *3 p1 P2 Pj

*1 1*4677 1.4581 1.4603 1 .4637 1.4607 1 .46 tvs 1.4609 1.4685 1.4602 1.4663 1.4605 1.4682 1.4683
*2 1.4681 1.4603 1.4608 1 .4691 1 .4uS7 1.4689 1 .4686 i .4bcx3 1.4666 1 .4684 1.4604 1*4688 1.468*
“3 1.4600 1.4673 1.4604 1.4687 1.4604 1.4600 1 .460*4 1.4600 1.4661 1.4605 1.4685 1.4684 1.4683

Pi 1.4680 1 .4631 1.4604 1.4636 1 .4686 1 .4680 1.4634 1.4688 1.4&81 1.4684 -
*2 1.4676 1 .46a) 1.4688 1.4692 1 .4605 1.4637 1.4605 1.4686 1.4682 1.4603 -

»3 1.4682 1.4681 1.4683 1.4607 1.4667 1 .463b 1 .4604 1.4683 1.4685 1.4684 - Li
*1 1.4680 1.4604 1 .4606 1 .4692 1 .4bC7 1.4688 1 .4685 - • roto
*2 1.4600 1.4677 1.4682 1 .4506 1.4605 1 .4687 1.4603 - - - - —

*5 1.4677 1.4601 1.4587 1 .45-00 1 .4 bi >5 1.4607 1.4684 — — - - — —

Mean(H) 1.4679 1 .4601 1.4635 1 .-lO'J-J 1 .4bC/Xj 1,4oG1 1.4684

Mean
n# P or Z
n

C.I).(0.05) 
0.00025 
0.00036

s.r.
0.00009

0.00013



Tibli 13(b) • Effect of different levela of nu ujrionta ond harvaafc lncorvalo on rofraotivBladejl of the oil (at 30*J) in tlivj tjtujucir Qoaaom l‘JOl-02.

*2 *3 h4 *5 *6 Mean k1 k2 *3 P1 P2 P3

“ 1 1.4673 1.4683 1.4632 1.4694 1.4693 1 .4693 1.4689 1.4690 1 .46(33 1.4689 1.4691 1.4608 1.4683
“2 1.4677 1.4691 1.4595 1 .4-60O 1.4693 1.4634 1.4691 1.4692 1.4690 1.4309 1.4539 1.4590 1.4393
*3 1.4675 1.4650 1.4692 1 .4&3.J 1.4693 1.1696 1.4609 1.4691 1.4639 1.4689 1.4690 1.4690 1.4689

»1 1.4575 1.4592 1.4692 1.4092 1.4694 1.4694 1.4690 1.4692 1.4608 1.4691 -

*2 1.4671 1*4638 1.4694 1 .4695 1.4692 1 .4695 1.4689 1.4691 1.4689 1.4608 -

*3 1.4673 1 .4690 1 .4630 1.4692 1 • 469*T 1.4o94 1.4690 1.4690 1.4690 1.4689 K'
*1 1.4677 1.4592 1.4694 1.4695 1.4695 1.4695 1.4691 - - -

ro
9  m  mm

*2 1.4672 1.4650 1.4691 1.4692 1.4605 1.4693 1.4609 - - - _

1.4674 1.4636 1 .4590 1.4695 1.4630 1.4695 1 M — — — —  —  —

H a n
(a)

1.4675 1.4o90 1.4692 1.4692 1 .4693 1.469* 1.4690

H 0*371 C.9.(0.05) 5.0.
!!, !? or M - 0.00008
H G .00034 0.00012



Tabls 15(o) • Effect ot different levels of nutrients and harvest intervals on refractiveindex of the oil (at 30*0) 1 mean valueo for two seasons.

h, ^ *3 h4 *5 *6 Mean k1 k2 S  p1 *2 »3

■1 1.4675 1.4585 1.4688 1.4691 1 .4690 1 .4690 1.4687 1.4688 1.4685 1.4686 1.4688 1.4665 1.4685
"2 1.4679 1.4637 1.4691 1.4093 1.4690 1.4o91 1 .4639 1.4690 1.4688 1.4687 1.4687 1.4609 1.4690

“3 1.4678 1.4334 1.4633 1.4037 1.4039 1.4694 1.4687 1.4689 1.4635 1.4688 1.4688 1.4687 1.4606

»1 1.4678 1.4637 1 .4688 1.4689 1.4690 1.4692 1.4687 1.4690 1.4685 1 .4688 -
*2 1.4674 1.4634 1.4691 1.4694 1 .4633 1.4691 1.4637 1.4690 1.4686 1.4686 -

1.4680 1.4686 1 .4637 1.4688 1 .4691 1.4690 1.4687 1.46871.46881.4687 - - - ,H
1.4679 1.4688 1 .4690 1.4692 1.4691 1.4692 1.4689 -

ro
-  cn

*2 1.4676 1.4679 1.4637 1 .4039 1.4690 1 .4690 1.4683 - - - - -

*3 1.4676 1.4689 1.4689 1.4690 1 .4688 1 -4-91 1.4687 — —

Mean,(H) 1.4577 1.4686 1 .4689 1 .4690 1 .4690 1.4691 1.4637

Mean P.P.(0.05) G.E,
I, ? orK - 0,00008
n 0.00034 0.00012
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Application of N at 50 kg/ha resulted in significantly 
higher value than at 25 kg N/ha. But there was no signi
ficant difference between 50 and 75 kg/ha and between 25 
and 75 kg/ha. The values reoorded at 25, 50 and 75 kg N/ha 
were 1.4685a 1.4686, 1.4684 respectively•

The data reoorded in the summer season and the mean 
values for the two seasons showed that the effeot of N was 
not significant. But N at 50 kg/ha reoorded the highest 
value in the summer season also es In the nonsoon season. 
Sffoot of phosphorus

The refractive index of oil was not influenced by 
the different lovelo of in either the soaaon or as
por tho noon value for the two seasons. The values obtained 
at 25, 50 and 75 kg P20^/ha in the monsoon season wore 
1.4634, 1.4685 and 1 .4684 respectively ond that in the 
summer season woro 1 .4690, 1.4609 and 1 .4690.
Bffoot of potassium

The rofraotivo index of oil was not influenced by 
tha different lovols of K^O in oither of the seasons.
Effeot of harvest Intervals

Tha refractive index of tho oil increased at higher 
intervals of harvest in both the seasons. In ths monsoon 
season ths orop harvested at 55 day intervals reoorded the 
highest value but it was on par with 65, 60 and 50 day 
intervals end these were signifloantly different from ths 
results for ths 45 end 40 dsy intervals. Ths values ranged
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from. 1.4679 to 1.4688.
In the aanmar season 65 day intervals recorded the 

maxima value and it waa an par with 60, 55 and 50 day 
intervals as in the monsoon season. The values varied from 
1.4675 to 1.4694. The lowest value was reoorded for the 
40 day intervals end it was significantly lower than that 
of all other intervals of harvest. Similar results were 
obtained in tho mean valuo for two seaeons also.
Optical rotation

Data relating to the optical rotation of tho oil 
obtained from the different treatments during the monsoon 
and summer seooona and their mean values ere presented in 
Tables 14 a, b ond c.
Effect of nitrogen, phosphoruo and potassium

Optical rotation of tho oil waa not influenced signi
ficantly by the main effects of IIf Pt K or their interactions 
in both the seasons ond in the moan values fbr tho two 
seasons.

The valuoa reoorded in the monsoon season at 25 v 50 
and 75 kg H/ha wore *1.47', *1.50* and *1.65* and in the 
summer season those were *1 .62", *1 .60" and *1.70“ respec
tively •

Increasing the level of PgO^ from 25 to 75 kg/ha 
slightly increased the optloal rotation of tha oil in both 
the seaeona. The valuee reoorded at 25• 50 end 75 kg 
PgQ^/ha in the moneoon eeaeon were ♦1.51', *1.54* end *1.63*



TaM  t H(i) * Sffoot of dirforont lovslo of mitrlouto ond haiYoot Lntorvsls cm opilotl
totetlan of the oil (dojreeo) In tho aanooan oociooni 1901-82.

(All t|s values have a +ve sign)

*1 *2 *3 b4 *5 *6 I lean k1 k2 *3 »1 »2 *3

*1 1.17 1.59 1.40 1.46 1.54 1.57 1.47 1.59 1.38 1.44 1.37 1.56 1.48
"2 1.36 1.51 1.46 1.54 1.52 2.09 1.50 1.47 1.34 1.73 1.C9 1.44 1.61
“5 1.37 1.47 1.56 1.71 1.43 1.07 1.65 1.S0 1.55 1.58 1.47 1.64 1.82

*1 1.36 1.63 1.45 1.49 1.46 1.70 1.51 1.63 1.42 1.40 - - -
*fe 1.13 1.39 1.52 1.74 1.43 2.00 1.54 1.58 1.42 1*63 - - -

1.83 1.54 1.53 1.40 1.61 1.01 1.63 1 .64 1.62 1.64 - -

*1 1.71 1.67 1.33 1.69 1 .5; 1.73 1.62 - - - - - ro-co

*2 1.21 1.37 1.56 1.43 1.51 1.07 1.49 - - - - -

*3 1.46 1.53 1.56 1.59 1.46 1.92 1.59 — - - — - -

Mean
(H) 1.45 1.52 1.50 1.57 1.50 1.04 1.56

licoa i T' (0.05) 3.E.
P** § OT K - 0.075

li 0.290 0• 106



Table 14(b). Effeot of different levels of nutrients and harvest intervals on optical rotationof the oil (degrees) in the summer season* 1901-02.(All the values have a +ve sign)

*1 *2 -T *5 *6 Mean ki k2 k3 *1 *2 P3

*1 1.34 1.71 1 .61 1 .65 1 .74 1.69 1.62 1.73 1.54 1.60 1.58 1.67 1.62

“2 1.47 1.53 1.55 1.61 1 .70 2.20 1.68 1.64 1.60 1.79 1.75 1.60 1.69

“5 1.78 COa 1.65 1.80 1 .65 1 .85 1.70 1.81 1.68 1.60 1.58 1.68 1.84

Pi 1.47 1.31 1.43 1 .72 1 .56 1.70 1 .62 1.72 1.53 1.65 - - -
Pa 1.30 1.39 1.70 1.79 1.65 2.07 1.65 1.70 1.59 1.66 - - -

P? 1.82 1.52 1.64 1.55 1 .88 1 .95 1 .72 1.74 1.71 1.67 - - »-<
*i 1.71 1.77 1.51 1.72 1.77 1.89 1.73 - — - - -

»c_ 0

1.39 1.43 1.57 1.67 1 .63 1.85 1.61 — — - - - -

*5 1.50 1.51 1.65 1.66 1.69 1 .97 1.66 — — — — — —

M a i
(H) 1.53 1.58 1.61 1.69 1.70 1.90 1.67

Mean C.D. (0.05) S.E.
n, P or K - 0.075
H 0.298 0.106



(All the values have a +ve sign)

Table 14(a). Effect of different levels of nutrients and harvest intervals on optioal rotationof the oil (degrees) t mean values for two seasons.

*1 *2 *3 h4 *5 *6 Mean ki kg *3 *1 *2 p3

“1 1 .2 6 1 .65 1.55 1 .56 1.64 1 .63 1 .55 1.66 1 .4 6 1.52 1.48 1.62 1.55
“2 1.42 1.52 1.51 1.53 1.61 2.15 1 .63 1.55 1 .5 7 1.76 1.72 1.52 1.65

1.83 1.43 1.61 4 rr1 ||(J 1.54 1.35 1 .63 1 .81 1 .6 2 1.59 1.53 1.66 1.83

Pi 1.42 1.72 1 .4b 1 .61 1.51 1.70 1 .57 1.68 1.48 1.57 - - -

P2 1.24 1.59 1.61 1.77 1.54 2.04 1.60 1 .64 1.51 1 .6 4 - - -
1.33 1.53 1.59 • Ul ro 1 .75 1.38 1.68 1 ,69 1 ,6 7 1.6 5 - -

“  h'

*1 1.71 1.72 1.45 1 . 7 1 1 .65 1 .81 1.67 — - - - -
O

*2 1.30 1.40 1 .62 1 .5 5 1 .57 1 .35 1.55 - - - - - -

*3 1.43 1.52 1 .61 1 .5 3 1 .53 1.95 1 .63 — — — — — —

Mean
(H)

1.50 1.55 1.56 1 .6 3 1 .60 1 .87 1 .62

Mean C.D. (0.05) 5.E.
71, P or K - 0.078
H 0.312 0.111



respectively while these in the summer season vere *1 .63* #
♦1 .65* end *1.72*•

The values of optioal rotation reoordad during the
aansocn season at 25# 50 and 75 kg KgO/ha were +1.62*# ♦1.49* 
a n d  ♦1.59* respectively and that during the summer season 
were ♦1.73*# ♦1.61* and +1.66*.
Effeot of harvest intervalo

The optioal rotation of the oil was significantly 
influenced by the different intervals of harvest in both the 
seasons and in the mean value for the two 00 as one. The 
highest and lowest values wore recorded with 65 and 40 day 
intervals of harvest rospaotivoly in. both the seasons. The 
val- s ranged from +1.45* to +1.84° in the monsoon and fron 
♦ 1.5j* to ♦I .90° in the Bunnnr nenoon. In the mean values 
for the two seasons oloo the harvest Interval of 65 days 
recorded the maximum value and It was on par v/ith bO, 55 
and 50 doy lntorvala. 
flolublllt.v in 70 por oont aloohol

1/■■!', rrr • j '« [> i n I •r y f‘* • •* ‘V '<•*'
The values obtainod in tho monsoon and oummor/

seasons for the different troatmanbs and tho mean for the 
two seasons aro presented in Tabloo 15 a# b and o.
Effect of nitrogen, johosphorua and potassium

Different levels of flt PgO,. or KgO showed only 
negligible difference with regard to the solubility of oil 
in 70 per oent alcohol in both ths seasons. Ths values 
recorded at 25# 50 nod 75 kg N/ha in ths monsoon season



of the oil in 70 per cont alooliol in tlio nanooon oeaaoni 1961-82. (iM u  me o-l
>uV •'O r J  - V  ' -v •> w • i j r L /  \

Tahle 15(a)* Sffeot of dif ferent lerolo of nutrionto and harvoat intervale on solubility

*i *2 h4 *5 *6 Moan k1 *2 *3 »1 »2 *3

*1 1.56 1.43 1.55 1.52 1.54 1.57 1.50 1.49 1.50 1.51 1.50 1.49 1.51
“2 1.60 1.50 1.47 1.49 1.55 1-59 1.49 1.49 1.49 1.51 1.51 1.50 1.48
“5 1.4C 1.52 1.52 1.55 1.49 1.56 1.52 1.51 1.51 1.53 1.50 1.52 1.52

Pi 1.56 1.50 1.50 1.52 1.52 1.40 1.40 1.50 1.51 1.50 - - -
*2 1.44 1.50 1.52 1-55 1.52 1.55 1.50 1.49 1.49 1.53 - - -
*3 1.60 1.50 1.50 1.49 1.52 1.42 1.51 1.50 1.50 1.52 - - - h*COro
*1 1.46 1.43 1.50 1.50 1.51 1.55 1 .50 - - - - -
*2 1.60 1.50 1.50 1.52 1.50 1.36 1.50 - - - - - -

1.56 1.51 1.52 1.52 1.52 1.44 1 .52 — — — — — —

llama.(H) 1.54 1.50 1.51 1.51 1.51 1.45 1.50

Moan C.i;.(0.05) S. ̂ .
!Tf r or K - 0.012
1 0 .04-6 0.016



Trtlt 15(b). Effect of different levels of nutrients and harvest intervals an solubility
of ths oil in 70 per oent aloohol in the Sumer seasani 1981-62•( i/Wumc afê h*)
> c ua'u—/ ~ro 7 “ ;■ -1 y  -V ^

*1 *2 *3 h4 *5 *6 Mean k1 k2 s *1 »2 p3

■l 1.56 1.57 1.47 1.47 1.46 1.41 1.49 1.49 1-47 1.49 1.49 1.51 1.46
*2 1.54 1.54 1.43 1.42 1.48 1.47 1.48 1.48 1.48 1.47 1.50 1.47 1.48
°5 1.51 1.56 1.42 1.42 1.51 1.4b 1.48 1.48 1.49 1.46 1.47 1.49 1.48

»1 1.52 1.54 1.43 1.43 1.51 1.47 1.48 1.47 1.50 1.48 - - -
1.56 1.54 1.46 1.47 1.49 1.42 1.49 1.50 1.48 1.48 - - -

*3 1.54 1.57 1.43 1.42 1.44 1.44 1.47 1.49 1.46 1.47 - - H  "* Coco
*1 1.55 1.54 1.44 1.43 1.51 1.47 1.49 - - - - - -
*2 1.52 1.60 1.44 1.43 1.47 1.42 1 .40 - - - - - -

*5 1.55 1.51 1.43 1.46 1.46 1.43 1.48 — — — — —

lim m(H) 1.54 1.55 1.44 1.44 1.40 1.44 1.48

Mean C.r.(0.05) S.E,
17, P or K - 0.009
H 0.036 0.013

‘ ’ •



Table 15(o) lerela of nutrient a and harvest Interval*
^ £c-(.X_V fo 1 : ̂ L r - 1 ri\. c ^---

*1 *2 *3 h4 * 5 *6 Mean k1 *2 *3 *1 *2

»1 1.56 1.53 1.50 1.50 1 .50 1.39 1.50 1.49 1.49 1.50 1.50 1.50 1.49
“2 1.57 1.52 1.45 1.4b 1 .50 1.43 1.49 1.49 1.49 1.49 1.51 1.49 1.46
*3 1.49 1.54 1.47 1.48 1.50 1.52 1.50 1.50 1.50 1.50 1.49 1.51 1.50

*1 1.56 1.52 1.47 1.43 1.52 1.44 1.50 1.49 1.51 1.50 - - -
»5> 1.50 1.52 1.49 1.50 1.50 1.50 1.50 1.50 1.49 1.51 - - -

*3 1.57 1.54 1.47 1.46 1.48 1.44 1.49 1.50 1.48 1.50 - - u»
*1 1.50 1.52 1.47 1.47 1.51 1.50 1.49 - - - - -

:o

*2 1.56 1.55 1.47 1.48 1.40 1.4J 1.49 - - - - - -

*3 1.55 1.51 1.43 1.49 1.50 1.44 1.50 — — • • —

Haai(H) 1.54 1.53 1.43 1.40 1.50 1.45 1.49

Mean C.D.(0.05) 3.E.
IT, P or K - 0.011
n 0.044 0.016



were 1.50, 1.49 and 1.52 respectively end those in the 
simmer season were 1.49* 1.48 and 1.48.

The values recorded at 25* 50 and 75 kg PgO^/ha in 
the monsoon season were 1 .50, 1 .50 and 1.51 respectively 
and these in the summer season were 1.48, 1.49 and 1.47.

In the monsoon season, the values obtained at 25, 50 
and 75 kg KgO/ha were 1 .50, 1 .50 and 1.52 respectively and 
the corresponding figures for the summer season were 1.49,
1.48 and 1 .48.
Effect of intervals of harvest

The data revealed that there v/a3 significant varia
tion among the treatments. The highest harvest interval 
chosen viz., the 65 days, showed the highest solubility in 
both the seasons. The values recorded .v-erc 1.45 in the 
monsoon season and 1 .44 in the summer season. It was signi
ficantly different from all other harvest treatments in 
both the seasons. Harvesting the crop at 40 days interval 
recorded tho lowost solubility (1.54) in both tho seasons. 
Acid value

Data on tho ooid valuo of the oil obtained with 
different treatments during the monsoon and summer sensono 
and their mean values are presented in Tables 16 a, b and 
0 , '

Main effects of R, P, K and H were not significant 
in either of the seaeons and for the mean for two Beasone.
The acid values reoorded at 25, 50 and 75 kg N/ha in the

i«J5



Tiblfl 16(a) • Sffeot of different levela of nutrianto and harvest intervals on aoid valueof the oil in the oonaoan aeasani 1081-02.uT*' •

h *2 *3 _ A _ *5 *6 Iloan k1 k2 *3 P1 P2 *3
5.6 5.6 3.6 3.0 4.9 6.4 6.7 6.5 6.9 6.7 7.9 5.8 6.3

“2 5.9 5.0 4.3 7.2 7.3 5.3 5.9 7.1 5.4 5.2 5.7 5.6 6.5
“3 6.5 5.2 6.4 7.S 6.5 6.1 6.4 6.0 6.0 7.3 6.2 7.4 5.6

Pi 7.3 4.6 7.4 8.6 6.1 5.7 6.6 6.4 7.4 6.1 - - -
*2 5.6 6.4 5.0 6.6 6.6 6.5 6.3 7.2 5.1 6.5 - - -
*3 5.1 5.9 6.4 7.8 6.0 5.6 6.1 6.0 5.0 6.6 - - • h** ̂
*1 5.8 7.9 7.3 7.4 5.2 5.6 6.5 - - - - - 01

*2 6.5 4.2 5.1 3.0 0.1 4.6 6.1 - - - - - -

*3 5.7 4.6 7.4 7.6 5.4 7.6 b .4 — — — — - -

Mean(H) 6.0 5.6 5.6 7.7 6.2 5.9 6.4

Mean C.P.(0.05) S.E.
T7# ? or K - 0.42
n 0.59



Tafelo 16(b). Effoot of different levels of mitrlanto and harreot intervals cn sold valueof the oil In tha atamor oeaeoni 1981-82.

N *2 *3 h4 *5 *6 Mean k1 k2 k3 *1 *2 *3
2.2 2.3 3.0 3.2 2.5 2.2 2.6 2.1 3.3 2.3 3.2 2.0 2.5

*2 2.7 1.9 2.1 2.8 2.5 2.4 2.4 3.0 2.2 2.1 2.3 2.4 2.6
2.9 2.3 2.3 3.4 2.6 2.9 2.0 2.9 2.4 3.1 2.9 3.0 2.4

»1 3.2 2.1 2.9 3.3 2.7 2.0 2.8 2.9 3.2 2.3 - - -
2.3 2.3 2.3 2.9 2.6 2.5 2.5 2.8 2.1 2.5 - - -

*3 2.4 2.5 2.6 2.3 2.4 2.2 2.5 2.3 2.5 2.7 - - - M

2.4 2.5 5.0 3.0 2.5 2.7 - - - - -

*2 3.0 2.2 2.4 3.0 2.7 2.4 2.6 - - - - - -

*3 2.4 2.2 2.4 3.0 2.4 2.5 2.5 — — — — — —

Moon(H) 2.6 2.3 2.6 3.0 2.6 2.5 2.6

Ilecn C.D.(0.05) S.E.
IT, ? cr E - 0.15
H - 0.21

'  1



Tallin 16(a). Effect of dlffaraat levels of nutrient a and harvest intervals on valueof the oilimean values for two seasons.I

N *2 *3 h4 *5 *6 Moan k1 k2 *3 *1 *5

*1 3.9 4.7 5.8 4.9 3.7 4.3 4.5 4.1 5.0 4.9 5.6 4.0 4.9
■2 4.3 3.4 3.2 4.9 4.9 3.8 4.1 4.9 3.7 3.5 4 JO 4.0 4.3
*5 4.7 3.7 4.6 5.6 4.5 4.4 4.6 4.4 4.2 5.0 4.6 5.2 4.0

5.2 3.4 5.2 3.9 4.3 4.2 4.7 4.7 5.3 4.2 - - -
3.9 4.3 4.3 4.7 4.6 4.5 4.4 5.1 3.6 4.5 - • -

*5 3.7 4.1 4.2 4.7 4.2 3.6 4.1 3.7 4.1 4.6 - - h*• COco
*1 4.1 5.2 4.9 4.6 3.9 4.1 4.5 - - - - - -
*2 4.8 3.2 3.7 5.5 5.3 3.5 4.3 - - - - - -

*3 4.1 3.4 5.0 5.3 3.9 4.9 4.4 — - - - — -

Mean
(H) 4.3 3.9 4.5 5.1 4.4 4.2 4.4

Mean C .Q,(0.Q5) S.5.
ITf P or K - 0.30
:i - 0.42



monao®. w u o n  vara 6,7. 5.9 and 6.4 and In tha eimer
■ c a m  these were 2.6, 2.4 and 2.8 respectively.

Tha values obtained at 25, 50 and 75 kg P ^ / h a  In 
the none0on season were 6*6, 6.5 6.1 respectively and
in tha emnmer season they were 2.0, 2.5 and 2.5.

Aoid value recorded due to different intervals of
harvest varied from 5.6, 7.7 in the monsoon season and from 
2.3 to 3.0 in the summer season.

Data obtained for tho different levels of N, P, K 
end II for the monsoon and summer soasons and their mean 
values are presented in Tabloo 17 a, b and o.
Effect of nitrogen

The data revoal that there was significant diffcrenos 
in the saponification values in both the seasons and for the 
nean value for tho two soasons. The valuos decreased at 

levels of N. The lowest value was recorded by 
application of H at 75 kg/ha (06.1) in the monsoon season 
while in the auranar season the lowest value was reoorded by 
50 kg N/ha (81.0). In both the seasons these two treatments 
ware on par and were significantly superior to the lowest 
level of N via., 25 kg/ha (91-0 in tha monsoon season and
09.2 in the summer eeaeon). The mean values for tho two 
seasons also showed similar results end the values varied
from 03*0 to 90 *5*



Table 17(a). Kffect of dlfferent levela of nutriants and harvest intervals on saponifieatlcavalue of tha oil in tho acnaoon seaaoni 1961-82.

>1 *2 *3 h4 *5 h6 Moon k1 k2 *3 *1 *2 *3

®1 97.2 97.0 98.6 95.0 62.1 76.1 91.0 92.1 90.9 90.0 96.6 87.8 08.6
“2 98.5 93.6 30.9 '35.7 77.8 72.6 66.5 87.4 85.4 86.7 06.6 05.7 87.1
*5 98.0 94.5 94.7 35.4 74.9 69.3 86.1 85.9 68.0 84.3 90.6 06.6 01.1

101.1 95.9 97.3 93.6 02.7 77.0 91.3 91.0 93.0 89.0 - - -
»5> 97.7 93.3 95.5 35.7 76.1 71.5 86.7 90.5 06.0 84.0 - - -
»5 94.9 95.3 91.3 86.7 75.9 69.5 85.6 83.4 85.3 88.1 - - -

97.0 94.8 93.3 39.3 80.5 76.1 38.5 - - - - - -
*2 99.6 95.1 93.3 39.5 77.2 73.3 38.1 - - - - - -

*5 97.1 95.2 97.0 37.2 77.0 66.5 87.0 — — — — — -

Hasn(H) 97.9 95.0 94.7 33.7 73.2 72.7 87.9

Mean C.D.(0.Q5) S.E.
P or K 2.69 0.96

IIP, JK or PK 4.66 1.66
II 5.81 1.35



1

Tahia 17(b)* 5Cf*rt af dlfftxwl lards of xmtirlnta end harvest lntoxvnla an naponl Hqill1value of the oil in the buhpbt aaoooni 1901-02»

*1 *2 *3 h4 *5 h i-OOfl k1 *2 *5 Pi pa »5

■l 95.2 103.1 10 1.1 94.5 75.3 o5.U UQ.2 09. G 07.2 90.8 94.9 83.2 89.4
*2 39.9 95.0 60.3 o2.9 73.0 " r* *>j ( .0 31.0 r -»0 «uu a ̂ uo.o 79.9 79.6 78.1 85.4
*3 91.7 92.4 92.4 34.1 73.7 G?.7 32.0 06.3 79.6 62. 6 85.8 86.2 76.5

*1 95.9 96.3 93.9 91.9 77.4 65.4 36.0 07.9 06.2 06.2 - - -
*2 90.3 95.5 94.9 02.7 63.0 55.1 02 .5 33 .3 uG.6 31 .1 - - -
*3 90.1

96.6
96.3
104.7

93.2

93.1

76.G 

71.6

57.0
52.1

33.0
06.1

04.5 UO .7 66.0 • • 141 
1 

1

*2 91 *5 91.0 30.7 J7.1 75.9 j0.1 o2.5 - - - - - -
k3 86.6 94.0 90.0 GG.1 74.5 ->5 m2 04.4 — — — — - -

M a m#H) 92.3 .9 93.9 j] m2 74.0 31.0 04 .4

0eon .00.03) ■J m Li m
% *• » ^
lJ- f

or n 
7' or -T'*

4.53 
/ .93 
0.47

1.63
2.82
2.30

-



TmJblm 17(a). Kffeo* of different levels of nutrianta and harvest intervals on sapoaif1 oati onvalue of the oil« n e o n  y p J m s b  for two aenaono.

*1 *2 N h4 *6 Mean k1 *2 *3 *1 *3

*1 96.2 100.1 99.9 94.7 ■JO. 9 70.9 90.5 92.0 89.0 90.3 95.8 86.6 88.9
“2 94.4 94.1 89.6 34.3 75.4 65.1 83.8 85.0 83.1 83.3 03.1 62.1 66.3
“5 95.0 93.5 93.5 o-r • 74.3 66.0 131.5 56.1 83.0 83.6 80.3 66.4 76.8

* 98.8 96.0 95.5 92.8 80.1 71.2 89.1 89.0 89.6 89.7 - - -
»2 94.3 94.7 95.3 84.2 74.3 67.5 85.0 83.5 83.3 02.5 - - -
*3 92.8 97.0 92.3 86.8 76.1 63.2 84.7 84.0 83.0 87.0 - - “ h*
*1 96.8 99.7 93.2 63.3 73.3 69.4 37.7 - - - - - • rj

*2 95.6 93.5 92.3 Co.3 76.6 65.7 85.3 - - - - - -
*3 93.2 94.7 97.5 66.6 75.5 66.7 65.7 — — — — — •

Kean
(H)

95.2 95.9 94.5 67.9 76. Q 67 0 86.3 -

Ilean ’--v • 1J.(0.051 • I.E.
"i* *
n?f :

or il 
IK or xK

3.24
5.59

1.15
2.00

H 4 .59 1.63
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B f f l O t  O f p tlQ lp ly ^p n a

It was observed that the saponification value in tbs 
monsoon season and the mean value fop the two seasons shoved 
significant difference for different levels of P205 . In 
ths monsoon season, saponification value decreased with 
increase in the level of PgO^ • 3ut the values reoorded at 
75 and 50 kg PgQ^/ha (£35*6 and 36.7 respectively) were on 
par and were significantly lower than, that at 25 kg 
P20-/hn (91.5) - In the pumor aoeson ciloo though the 
differences ware not aigtiifleant, higher levels of -2^5 

recorded lowor values tlian at 25 kg P^O^/ha. The valueo 
obtained at 25, 50 and 75 kg Po0r-/ha wore 36.3, 82.5 and

1- P
03*3 respectively.

□ignif leant of fact of w <□ also roflooted in the
mean values for the two seasons. TI10 lowest valuo was 
records! v/lth 75 kg l^O^/ha. Thoro was no significant 
dlfferanse between the values obtained at 50 and 75 kg 
P O^/hm and both of then wcro olgnifloantly lowor than2 j
that at 25 kg
Effeot, of sotaccluB

Tha affeot of KpO w m  not slgulflopnt in the aaponl-
flontlon t kXuo of the oil, but the toIuoo at 50 end 75 kg 
r O/ha. were lower then theoe at 25 kg/ha In both tha
■eoaana.
Bntrlent IfiteraotlQM

The lntereotlon of H with P wee elgnlfloant In both
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the eeaaona and fop tho noon value of the two seas ana. 
Tho lowest value reoorded was with u^p^«

It was observed that the saponification value in 
both the seasons showed high statistical significance on 
account of different intervals of harvest. As the interval 
between harvests increased the saponification value 
decreased in both the seasons • The lowest value was 
reoorded for tho treatment harvested at 65 day intervals 
in both seasons and it was significantly lower than that 
for all other treatments. Tho moan value for the two seasons 
also showed the seme trend. Tho values obtained during the 
monsoon season varied from 72.7 to 97.9 and these in tho 
eixnner season ranged from 61.0 to 96.9.
Ester valuo

Data relating to the ootar valuo as influenced by 
the different treatments during the monsoon and summer 
season* end thoir moan voIuqd are proaantod in Tables 18 a,
b end o.
Effeot of nitrogen

The data show that there was significant differenoe
in the ester value in both the Bensons and in the moan 
Yalu. for ttw two goeaona. Applioatlon of N at 50 and 75 
kg/ha h*v» reoordad altfilfloantljr lowar rslu.n than these 
at 25 kg/ha in both the eeaeoni and in the naan yalue for 
the two seasons. There was no significant d Iff arena.



ZaU. 10(a). Effect ot diffarmt lerela oX nutrients and harvaat lntorrala on a star valnaof tbs oil In the monsoon aeaaoni 1931-02.

*1 *2 *3 h4 *5 *6 Mean k1 k2 *3 *1 »2

“1 91.6 90.4 90.0 37.0 77.2 65.7 04.3 05.6 84.0 83.7 88.7 82.0 82.3
**2 92.6 88.6 86.1 73.5 70.5 67-3 00.6 00.3 80.0 81.5 80.9 80.1 80.6
“3 91.5 39.3 88.3 77.6 63.4 CTi a ro 79.7 79.9 62.0 77.0 84.4 79.2 75.3

93.4 91.3 39.9 35.0 76.6 71.3 84.7 85.4 05.6 02.9 - - -
*2 92.1 S7.4 39.5 79.1 69.5 65.0 00.4 33.1 80.9 77.5 - - -
P5 89.3 09.4 34.9 73.9 69.9 63.9 79.5 77.4 79.5 81.5 - - M  • &

*1 91.2 B6.9 3b.0 81.9 75.3 70.5 82.0 - - - - -
C/I

*2 93.1 90.9 33.7 81.5 69.1 60.7 32.0 - - - - - -

*3 91.4 90.6 39.6 79.6 71.6 60.9 30.6 — — - — — -

H a m(H> 91.9 39.4 38.1 01.0 72.0 66.8 01.5

Moon
IT, P or E
UP, TE or _’E
n

C .P.(0.05) C* T* KJ • P j •

2.G1

4.51
5.69

0.93
1.60
1.33



Tmhlm 18(k) . Stfeot of tLLffarant lerela of nutrients aod harraot Interval* on taltr Tains
ot tha oil In the manner aeaaant 1981-82.

*1 *2 *3 h4 s *6 Mean k1 *2 *3 Pi P* *3

*1 93.0 100.3 98.1 91.3 72.0 63.6 06.6 07.5 63.9 88. 5 91.4 81.0 66.9
H 87.2 93.1 96.2 80.1 70.5 54.6 70.6 79.3 78.7 77.8 77.3 75.7 82.0
*5 08.8 90.1 89.6 80.7 71.1 59.0 80.0 03.4 77.2 79.5 82.9 83.2 74.1

93.7 94.2 91.0 86.6 74.7 63.0 04.0 85.0 83.0 83.9 - - -
88.5 93.2 92.6 79.8 65.4 60.6 30.0 83.0 73.5 78.6 - - -

*3 87.7 96.3 90.6 34.1 74.2 54.Q 81.2 82.2 78.2 83.3 - - M

*1 94.2 102.2 90.1 05.3 69.1 59.5 33.4 - - - - -
a>

*2 08.5 09.6 88.3 84.1 73.0 55 .7 79.9 - - - - - -
*3 86.4 91 .8 95.6 33.1 72.1 62.7 82.0 — — • - — —

Mean
(H)

89.7 94.6 91.3 84.1 71.4 59.3 81.8

Mean C .P.(0.05) 3.E.
U, P o r E  4.53 1 .61
!TP# me or I-K 7.04 2,78
n 6.40 2.27



Tabic 10(a)* Effeot of different levels of nutrients and harvest intervals an ester veinsof the oili seen values for two seasons.

*1 *2 *3 h4 *5 *6 Moon ki *2 *3

*1 92.0 95.1 93.3 09.0 76.5 66.5 65.5 07.6 03.7 05.1
°2 39.3 90.4 36.1 79.1 70.2 61.0 79.4 79.C 79.1 79.3
®3 90.0 69.5 38.6 73.9 69.5 61.5 79.6 01.4 79.3 78.3

Pi 93.3 92.3 90.0 3b .6 75.5 66.7 64.1 84.0 04.0 33.2
P2 90.0 90.1 90.7 73.7 69.4 62.7 00.4 83.9 79.4 77.7
*3 38.8 92.6 07.3 CD • O 71.6 59.1 30.5 00.0 73.6 02.1

*1 92.4 94.2 33.0 33.9 74.1 65.0 02.9 - - -

*2 90.5 09.9 39.1 82.5 71.0 61.9 60.7 - - -

*3 86.8 91.0 92.2 31.0 71.1 61.5 01.0 — — —

bean
(H)

30.6 91.7 39.6 o2.4 72.1 62.C 81.6

»i »2

89.9 82.3 83.7
78.e 77.8 81.7
83.4 80.9 74.3

tlsan C .D .(0 .05) S.B.

H, ?  or E 3.1'7 1.13
JT--, T1K or PK 5.50 1.95
n 4.49 1.60

147
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btfluMn 50 m l  75 kg N/ha, Tha mean values for two seasons 
recorded at 25f 50 and 75 kg N/ha were 85.5, 79.4 and 79.6
respectively •
Bffeot of oihoauhonig

Significant differanco due to different levels of 
PgOj was notioed in the monsoon season Anri in the moan value 
for the two seasons. Higher levels of at 50 and 75 
kg/ha recorded low eat or value than at 25 kg/ha in both 
the seasons. In tha monsoon socoon and in the aeon for the 
two seasons tho values rooorded at 50 and 75 kg PgO^/ha weru 
significantly lover than that at 25 kg/ha and thoro was no 
significant difference between tho *2%  treatments at 50 and 
75 kg/ha. The mean values recorded ab 25, 50 and 75 kg
Po0c/ha wore 04.1» kQ-4 and 00.5 respectively.2 5
ISffaot of p o ta s s im

Tharo was no slgnlf leant dlfforonoo in tho ootor
value of tha oil with different IovqIb of KgO. The volues
rooordod at 25, 50 anil 75 k6 K20/ha uoro 02.0 , 02.0 ond 00.b
In tho soneoon oooaan and B5.4, 79.9 and 02.0 In tho ouamor
HMOII.
Hntrllt J-ptoraotlOM

Th. lntarnotlon of B with P wa. .lgnifloont in both
tha H M t n i  m l  In tho naan tbIuo of tho two oooaono. Louoat
ToOno w a . re o o rd o d  by n j P j  111 b o th  t h * • 8OB0I» *

Dlfforant intomlo of harwet ahowod algnlfloant
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Influence on the eater value In both the seasons in 
the aean value for the two seasons. The eater value waa 
found to deorease aa the intervals of harvest increased •
The lowest value was reoorded by 65 days in both the 
Beacons and it was significantly lower than all other 
harvest intervals. Tho mean values for two seasons for the 
40# 45# 50# 55# 60 ond 65 day intervals were 90.6f 91*7#
89»6» 82.4# 72.1 ond 62.8 respectively.
Eater content

Bata presented in Tables 19 a# b and c represent the 
aster oontant of the oil for the different treatments 
during both the seasons end their mean values.
Effeot of nitrogen

The data indicated thot the ester content of oil 
varied significantly with level of N in both tho seasons 
and in their mean voluos. ^otor contont deorenoed as tlio 
N lcrvel increased. Tho loweot valuo was obtained at 75 kg/lia 
and It was an par with 50 kg/hn and both woro significantly 
lowor than that at 25 kg N/hn in both tho ooooane. The 
Taluee reaorflad at 25, 50 and 75 kg H/ka during tha monsoon 
■auoo wars 50.8, 29.4 and 29-2 per oont roapaotlvely, whlla
those reoorded In tha summer aooaom ware 20.0, 26.0 and
26.4 per cant.

The eater oontant VMltJ slffilfioantly with ler.1 of
p 0 In tha nonaoon season and to tha M a n  Talus for tha 
2 5



Tefel* 19(*)- Effect of different lerrela of nutrients and harreet intervale on eaterooELtent of the oil (per cent) in the monsoon oaaaani 1981-82.

*1 *2 *3 4 *5 *6 Mean ki k2 *3 »1 *2 *3
32.7 32.9 33.4 32.2 27.6 25 .0 30.6 31.5 30.4 30.6 32.6 29.7 30/
33-5 32.1 31.0 29.0 2b.2 24.6 29.4 29.6 29.1 29.6 29.4 29.2 29 A

“5 33-3 32.2 32.1 26.7 25.4 23.4 29.2 29.1 29.9 28.5 30.7 29.2 27.!

»1 34.2 32.3 33.0 31.6 23.0 25.9 30.9 31.1 31.4 30.3 - - -
32.9 32.0 32.5 29.0 25.7 24.3 29.4 30.6 29.1 28.5 - - -

**5 32.4 32.5 31.0 29.3 25.7 23.6 29.1 26.4 29.0 29.9 - - -✓
*1 33.1 32.2 31.3 30.2 27.3 26.0 30.0 - - - - - cn"o
*2 33.3 32.5 31.9 30.2 26.1 24.6 29-6 - - • - - -

33.1 32.6 33*0 29.4 26.1 23.1 29.6 • • • • • •

H e m(H) 33.2 32.4 32.2 30.0 26 -5 24.6 29.6

Mean 0 .P. (0.05) S. E.
!\ P or K 0-93 0.33
ITJ9 :u  or _K 1.60 0.57
II 1.31 0.47



fable tg(fc). Effoot of different lerels of nutrient a and herrmet intarrmla on attar oontantof tha oil (per oant) in the anmnar aaaaona 1961-82*

N *2 *3 h4 *5 Mean k1 *2 *3 h *2 *3

*1 30.4 33.7 32.7 30.3 24-3 20.6 20.8 29.3 27.7 29.2 30.1 27.1 29.0
29 *B 31.6 29.3 27.0 24-1 10.1 26.C 26.9 26.6 26.7 26.6 25 .8 27.0

*3 29.8 30.6 23.4 25.7 24.0 20.0 26.4 27.2 25.6 26.4 27.9 27.6 23.8

*1 30.6 52.1 31.1 29.5 25 .4 20.5 28.2 20.7 27.5 28.3 - - -
*2 29*2 31.3 31.3 26.9 22.2 20.1 26.C 27.9 26.2 26.4 - - -
*3 30.2 32.5 28.7 26.5 25.2 1G.2 26.9 26.7 26.2 27.7 - -

*1 32.3 33.3 29.5 27.2 24.0 20.0 27.8 - - - - -
C/lat f-a

k 2 29.0 30.7 30.5 27.7 23.9 10.1 26.6 - - - - - -

*5 23.7 31.3 31.1 23.1 25.0 20.7 27.5 ** • • — — •

Mean(H) 30.0 32.0 30.3 27.7 24.3 19. b 27-3

I lean  iJ. 0 . ( 0 . 0 3 )  S

;t# ■? or "
TTr, " K  o r  rZ 

II

1.42
2.46
2.01

0.50
0.67
0.71



Tabla 19(a) . KfTact of dJjTforant levels or nutrients and harroBt intervals cm u t u r  wm\ws\
of tha oil (por oat), iason valuoa for tvo teaoQOB*» i«

* 1 *2 *3 h4 *5 *b Meen k1 k2 *3 >1 * 3

“ 1
31.6 33.3 33.1 31.2 26.3 23.2 29.0 30.4 29.0 29.9 31.4 28.4 2 9 . 6

“ 2
30.6 31.3 30.4 23.0 23.1 21.5 27.9 23.2 27.3 28.2 28.0 27.0 28.7

* 3
31.6 31.4 30.2 27.2 24.7 21.7 27.8 28.1 27.0 27.5 29.3 26.4 25.7

»1 32-5 32.4 32.2 30.6 26.6 23.2 29.6 29.9 29.4 29.3 - - -
*2 30.0 31.7 31.6 27.9 23.9 22.2 27.9 29.3 27.1 27.5 - - -
»3 31.3 32.5 29.S 27.9 25.5 20.9 20.0 27.6 27.6 28.8 - -

K*

* 1 32.7 33.0 30.4 28.7 25 .6 23.0 26.9 - - - - -
O'! 

-  IV)

*2 30.1 31.6 31.2 29.0 24.9 21.4 26.0 - - - - - -

*3 30.9 31.9 32.0 23.3 25.5 21.9 23.5 — — — — - -

H a m 31.3

I CM 31.2 26.Q 25.4 22.1 26.5CH)

! l c c n C . • O a o VJ
1

v> 3 ■ E.
TCT T'i . # r or K 1.03 0.37
rn?f  tttt or n c 1.79 0.63 .

n 1.46 0.52 * .t
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two m m q u ,  In tha monaoan season the lowest value was 
recorded with Pg05 at 75 kg/ha (29.1 per oent) followed by
*2^5 kg/ha (29.4 per oent). There was no significant
difference between these two levels pnd both of then were 
siffiifioantly different from the lowest level of PgO^ 
which recorded tha highest value (30.9 per oent).

In the sunnier season, though the effect of ^2^5 

woe not significant, 50 and 75 kg levels recorded lower 
ester content than for 25 kg/ha, os in the monsoon season. 
The value3 recorded at 25, 50 and 75 kg PgO^/ha were 2o.2,
26.3 and kG,cj per cent respectively.

Tho neon values for the two seasons also shoved 
Blcillar rosuito as that in the monsoon season.
Effoct of oot an oim

The data indicated tnat tho ester content of the oil 
was not influenced significantly with level of potassium 
in either of the scasone. Tho highest valuo was reoorded 
with 25 kg/he. in. both the seasons, ond tho values dccroaood 
at higher lovolo of Kg0. Tho values reoorded at 25, 50 ond 
75 kg K 0/hfl in the aonaoon aenaon wora 50.0, 29.8 and 29.6 
per oent reapeotivsly and thoao rooordod in tho aimer 
season wsre 27.0, 26.6 and 27.5 per oent respectively.
thrtrlit tntoraotloM

Wltrogam and phooiboru. lntsroot.d ulgnlflonntiy In 
both th. a.n.an. ond thl. wo. r.flootod in th. moan valuo. 
for th. tvo ituani too. Tho oombinatlon n^p, rooonlad th.
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lowest value follovvd by Ugp^ in both the seas one

The eater content of the oil was found to decrease 
significantly as the interval of harvest Increased in both 
tha seasons. The lowest value was reoorded with 65 days 
interval and it was significantly lower than all other 
harvest treatment a in both tlie seasons and for the nean 
value for tha two seasons. The highest value waa recorded 
for 40 day Interval in tha monsoon season and for the 45 day 
interval in the summer a a m  on. But tho treatments of 40,
45 and 50 day intervals wore on par in both the seasons.
Ths ester content of oil was lover In the simmer season than 
in the monsoon season and the ester content with different 
intervals of harvest varied from 24.6 to 53.2 per cent in 
ths moniioon oeaoon and from 19*6 to 3 2 .0 per cent ip. the
summer season.
Sa&onlfl nation value of tor motylation

The data reoorded for the different treatments during
the monsoon and Pinmor seasons and their mean vnluno are

presented in Tables 20 o, b and o.
Effeot of nltrorom. phoouliQPig_°gft- po.fogpfaiR

Application of different lovole of n, V&0 rj or KgO
neither Influenced nor ohowod any trend In tho eaponlfloatlon 
value after aoetyletlon of the oil with lnorono. In the
level of nutrients.



TaMe 20<a) • Effect of diXfervil lavela or nu trIante and harvest Interval■ on Bapmlfieationvalue after aoatylation of the o il  in  the monsoon eeasoni 1981*Q2i

N *2 *3 h4 “5 *6 Mean *1 k2 *3 »1 *2 *3

*1 277.6 283.7 202.7 279.7 273.6 275.9 279.7 279.1 280.0 280.0 279.4 279.0 280.8

*2 281 .9 283.8 232.7 232.3 276.9 200.5 231.4 202.5 200.9 280.8 279.3 283.5 281.3

*3 283.1 282.3 279.1 231.7 270-9 273.4 280.6 279.1 281.6 20$ .0 281.2 280.6 279.9

281.3 292.4 281.1 279.7 276.3 279.2 260. J 200.0 281.0 279.0 - - •
»2 281.2 283.9 260.4 234.6 278.1 278.0 281.0 280.5 281.2 281.2 - - -
*3 280.0 283.4 233.2 279.9 279.9 277-6 2j0.7 280.1 280.1 281.6 - -

*1 280.2 283.3 280.9 282.7 277.4 276.8 260.2 - - - - -
cn-cn

*2 281.0 282.7 230.9 262.4 278.1 27 9-6 260.8 - - - - • -
*3 281 .3 283.3 232.7 278.9 278.7 278.4 200.6 — — — — — -

Mean
(H)

280.8 233.3 231.5 281.4 273.1 276.3 280.6

Msan 0.r>.(Q.05) S.E.
IJ# P or K - 0.79
II 3-16 1.12
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Table 20(b). BITeet of different lerel» of nutrianta and harreat intaxrala cm aaponlfloaftlcm
rmXam after aoctylatlcn of the all in the aunaer aeaaani 1981-82.

*1 *2 *3 h4 *5 *6 Mean k1 k2 *3 P1 »2 *3
»i 278.6 285.4 281.8 283.2 280.6 277.5 201.2 281.4 280.0 282.1 281.5 281.2 280.8
*2 281.1 284.2 232.6 283.2 277.7 277.3 201.0 281.7 280.6 280.8 279.5 282.4 281.2

284.2 284.2 280.3 202.4 230.7 270.4 231.7 281.6 282.1 281.5 281.8 283.2 280.1

»1 283.0 283.0 280.9 282.1 277.3 279.2 280.9 281.7 281.0 280.1 - - -
»2 282.2 284.8 281.5 285.7 2G0.2 279.4 282.3 203.3 281.4 282.2 - - -

»3 278.8 285.8 232.4 281.0 2Q1.6 274.5 280.7 279.7 280.3 282.1 - - - MC/l
*1 280.3 285.3 282.8 286.2 279-7 274.6 281.6 - - - - - G)

280.5 283.6 280.8 282.7 279.0 270.7 280.9 - - - - - -
283.2 284.3 231.1 200.0 260.3 279-9 201.5 — — — — • •

Mean(H) 281.3 284.6 201.6 283.0 279.7 277.7 281.4

Mean C. I). (0.05) S. E.
ITf ? or K - 0.70
H 2.80 0.99



Trtlt 2(Xo)m Effect of different levela of nutrients ond harvest intervala an aspcnlf lest ion
w i n s after aoetylatl cn of tha oil a values for two seasons*

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 *1 *3
278.0 285 .7 282.1 280.9 279-b 27b.7 260.4 260.2 260.0 200.0 280.4 280.1 280.5

“2 281.5 284.0 282.6 283.0 277.3 279-0 201.2 262.2 260.8 280.8 279.3 285-1 281.5
285.8 282.9 279.7 282.0 279.3 270.4 201.1 200.2 261.9 281.2 281 .5 281.9 280.0

*1 282.2 282 .7 260.3 230.9 276.0 279.1 230.4 260.Q 281.0 279-5 - - -
»2 281.7 284.6 230.9 235.1 279.2 270.3 231.0 261.9 281.4 281.6 - - -

279.4 204.6 282.7 279.9 260.7 27o.1 200.5 260.0 230.2 231.6 - - mb*cn
*1 280.2 235 .0 231 .9 284.5 270.6 275 .7 200.9 - - - - -
*2 200.8 233.1 230.9 232.6 270.6 279.1 200.9 - - - - - -

*3 282,5 284.0 281.3 270.9 279.5 275.2 201.0 — — — — - -

Mean.(H) 281.1 234-C 221.5 251.5 275.5 275.0 230.9

Mssn C.D.C0.05) u.S.
IT, P or K - O .69

2.75 0.98
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EffcQt Of harvest lnt.̂ -nyai

Saponification value after aoetylation was influenced 
significantly with different intervals of harvest in both 
tha seasons and in the mean value for the two seasons • The 
saponification value after aoetylation waa found to inoroase 
as tha interval inoreoaod fron 40 to 45 days «y»d thereafter 
it deoreafied as the growth advanced in both the seasons.
This wao reflected in tho nenn values also. In the nionooon 
season, ths lowest value was recorded with the Go day 
interval (273.1) followed by the 60 dry interval (270.5).
In the eumor 3eanon tho lowest valua was recorded for tho 
65 day interval (277.7) followed by the Go claya interval 
(279*7).'The highest value- woo recorded for the 45 any interval 
in both tha oe,noons. The acotylntod sapo/iiflcati-n value 
waa hi'^ier in the sunr-er season than in the cons0on season 
and the values with different intervnJ.e of harvest mnnyod 
from 373.1 to 2n0.3 in the con so on season and from 277.7
to 284 *6 in the arcmor ooaoan.

iTn\_n.o-lrr>ilr.tod nn yarrn.l.ol 
The data on tho pero out 0,50 of tot^l oloohol oontent 

Of oil obtained for different trontnnntn end seasons are 
(lwi in Tables 21 n , b nnrt 0.
Bffaot of nltroCTU

Dlffar«nt Unwl* of H, or a la not .How any
■lgnlfloant dlff*r«u>« with r.;;ard to th. total alpohol 
oontant of th. oil In both th.



lafclt 21(a) • Sffeot of different lore la
oGKitmat of tho oil (pax* aa

*1 * 2 *3 *4 * 5

“1 39*3 9 2 . 2 9 1 . 7 9 0 . 5 91 -2

*2 91.3 92.4 9 2 . 2 9 2 . 0 9 0 . 8

91 .3 91.3 9 0 . 5 9 2 . 3 91 .a

»1 90.3 91.7 9 1 . 0 9 0 . 6 9 0 . 1

®2 91.2 92 .5 9 1 . 0 9 2 . 6 9 1.6

*3 90.3 92.2 9 2 . 4 9 1 . 4 9 2 . 1

*1 90.6 9 2 . 2 9 1 . 4 9 2 . 2 9C .P

*2 91.0 9 1 . 9 9 1 . 2 9 1 . 6 91 .*1

91.2 9 2 . 4 9 1 . 0 91.0 9 1 . 6

Kona.
(H)

90.9 9 2 . 1 9 1 . 5 9 1 . 6 3 1 . 3

Mean

or nutrient a and harreat intaxrala an total al iwihnlIn the monaocoi aeaaoni 1981-62.

%  Hera k, kg It, p, pj pj

90.7 91.0 yo.6 91.2 91.2 90.4 90.9 91.7
92.5 91.9 92.4 91.5 91.7 91.1 92.6 92.0
91.7 91.7 90.9 91.9 92.0 91.6 91.7 91.6
91.7 91.0 90.6 91.2 91.2 - - -

9 1.7 91.9 92.4 91.5 91.7 - - -

91.5 91.7 90.3 91.3 92.0 - -
im Jk

90.7 91.3 - - - - -

r

cn
-co

92.1 91.5 - - - - - -

92.C 91.7 — - • mm

31 .G 91.5

o.l>.(0.05) S.B.
0.32

0.46



I

Hells 21(b) • Effect of different levels of nutrients and harvest intervals on totaloontant of ths oil (per oent) in the simmer seasoni 1981-82.

*1 *2 *3 h4 *5 *6 Mean k1 k2 *3 Pi p& *3

*1 90.6 92.6 91.3 92.3 92.4 91.9 91.9 92.2 91.6 92.1 91.6 92.5 91.8
“2 92.0 92.7 92.7 91.9 92.0 92.6 92.3 92.7 91.8 92.3 91.7 92.7 92.5

92.7 92.9 91.5 93.1 92.b 92.5 92.6 92.3 92.0 92.6 92.6 92.9 92.2

Pi 92.2 92.1 90.3 92.3 91.2 92.7 92.0 92.3 91-9 91.0 - - -
92.2 93.0 92.4 92.8 92.9 92.3 92.7 93.1 92.4 92.6 - - -

Pj 91.0 93.2 92.3 92.2 92.9 91.5 92.2 91.8 92.2 92.5 - - - M
CD

*1 91.1 92.9 92.3 94.0 92.3 91.1 92.4 - - - - -
w JO

91.1 92.6 91.7 92.2 92.2 93.0 92.1 - - - - - -
93-0 92.7 91.0 91.6 92.5 93.0 92.3 — — — — — -

Mean
(S)

91.8 92.3 91.0 92.6 92.3 92.3 92.3

Moon C.D.C0.05) S.E.
nf p 
n

or IT
-

0.27
0.38

u



Tabls 21(a). Effect of different levels of nutrients end harvest Intervals on total e* eoholeon.tent of tha oil (per oent) i naan values for tvo seasons •

*2 *3 h4 *3 *6 Mean k1 *2 k3 *1 *3

®1 90.2 92.4 91.5 91.6 91.9 91.3 91.5 91.4 91.4 91.6 91.0 91.7 91.7
“2 91.7 92.6 92.4 91.9 91.3 92.5 92.1 92.6 91.7 92.0 91.4 92.6 92.2
“3 92.3 92.3 91.0 92.7 92.2 92.1 92.1 91.6 92.4 92.3 92.1 92.3 91.9

Pi 91.6 91.9 90.9 91.8 90.6 92.2 91.5 91.6 91.6 91.3 - - -
91.7 92.7 91.7 92.7 92.2 92.2 92.2 92.2 92.1 92.4 - - -

*5 90.8 92.7 92.4 91.8 92.5 91.5 91.9 91.7 91.9 92.2 - - • H03
*1 90.9 92.6 92.1 93.1 91.6 90.9 91.9 - - - - - M

*2 91.1 92.3 91.4 91.9 91.3 92.6 91.8 - - - - - -
92.1 92.4 91.4 91.3 92.0 92.5 92.0 — — — — — -

Kao(H) 91.4 92.4 91.6 92.1 91.8 92.0 91.9

Mean J.i).(0.05) S.E.
♦-» '  « _  * r. , d or i.
n

0.26

0.37



I

Application of N at 50 end 75 kg/ha recorded higher 
faXues than at 25 kg/ha in both the seasons. Tha mean 
values for the two seasons at 25. 50 and 75 kg N/ha were 
91 »5* 92,1 end 92.1 per cent respectively•

The values for Pg05 application at 50 and 75 kg/ha 
were higher than that at 25 kg/ha in both the 3easanB. The 
mean values for tho two soaoona at 25, 50 and 75 kg/ha 
were 91*5, 92.2 and 91*9 por cent roopectlvoly•

Ao rcjrrcla the noon vnluns for tho tvo seaoano
at 25, 50 anil 75 kg/ha were 31.9* 91-0 and 92.0 por cent 
respectively,
^ffeot of harvest Intervals

The total alcohol contort of tho ell did not chou 
rmy significant difference or any definite trend uith 
dlff eriTit int^rvola of harveot. vain os obteJLnol during
the giTTiTior noeaon wore higher blmn those obtained in tho 
nonsoon oonnon. Tho menn vrIhpo for the two scocono at 
40, 45, 50, 55, 60 anil 65 Any intervals v/cro 91.4, 92.4, 
91*6, 92.1 , 91.0 and 92.0 por cent rcopootlvoly.

162

The data an the free aloohol oontant (per oont) for 
4 Iff .rent, troatnwitn dnrlng th. roonooon m J  simmer season, 
and their naan ▼aln.e w a  nrensritafl Jn Tnhlen 22 a, b and o.

Th. r.aolte ahowad that th. traatnants differed 
alpilfloantly with »S*rt *« *h« {rM •looho1 aon*«* of



I

Tttli 22(a). Kffaot of different levela of nutrients and harveat intervale on trmmoont oat of the oil (per oont) in the monsoon eeaeoni 1981-02.

*1 *>2 *3 h4 *5 *6 Moon k1 *2 *3 Pi *2 *3

»1 64.0 66.2 65.2 65.0 69.0 70.2 66.6 65.9 67.1 66.8 64.7 67.3 67.8
**2 64.9 67.0 67.7 69.0 70.0 72.9 68.6 69.0 60.5 68.3 67.8 69.3 68.7
■5 65.6 66.5 64.6 b9-4 71.7 73.7 6u.G 60.2 68.4 69.5 67.4 68.6 69.9

*1 64.0 65.8 64.9 65.3 67.9 71.2 66.6 66.5 66.5 66.0 - - -
*2 65.2 67.2 05 .0 59.5 71.1 72.4 6Q .4 67.2 68.7 69.5 - - M
*5 65.2 66.5 37.9 63.0 71.3 73.2 68.8 69.4 68.7 68.2 - - - &CJ
*1 64.7 66.7 56.0 63.5 69.2 70.5 67.7 - - - - - -
*2 64.8 36.2 66.0 67.7 70.6 72.6 63.0 - - - - - —
*3 64.9 66.6 55.7 57.2 71.3 73.3 j3.2 — — — — — -

Me*n 04.8 66.5 65.9 67.3 70.3 72.3 37.9(H)

Mean c.r.(o.03) SsEe

IT, * or K 1.21 0.43
II 1.70 0.61 ! ' .



Tahla 22(b) • K£faot of dlffansk levels of rmtrlovta and harvest intervals cn firesooatant oT oil (per oent) in the grammar seasons 1981-62.

N *2 *3 h4 *5 ^6 Moan *1 *2 b *1 *2 *3

■l 65.3 66.2 65.5 bo.9 73.4 75 .7 69.3 69.0 69.5 69.2 67.7 71.1 6Q .9

“2 63.3 67.3 69.5 72.2 74.0 70.3 71.0 71.9 71.6 71.9 71.2 73.5 70.6
*5 68.6 63.5 68.9 73.2 73.9 75.0 71.5 70.9 72.3 7 1.2 70.4 70.2 73.0

>1 67.3 66.4 66.4 69.7 71.6 70.5 69.3 69.2 70.2 69 .0 - - -
68.1 63.4 68.0 73.1 76.2 75.9 71.6 71.5 71.6 71.7 - - -

*3 67.4 67.7 69.5 71.5 73.4 77.5 71.1 71.1 71.5 70.8 - - — f-4
cn

*1 65.7 66.1 69.8 72.7 74.0 75.3 70.6 - - - —
*2 67.6 68.4 67.6 71.0 73.5 70.5 71.1 - - - - -

*3 69.9 68.1 36.4 70.5 73.7 76.0 70.0 — — — - - -

Moan(H) 67.7 67.5 67.9 71.4 73.6 76.6 70.9

ilcan C.D.(0.05) 3.E.
I7f 2 or K 1.30 0.49
1121 IHi or JE 2.39 0.05 ,

H 1.95 0.69



Tttli 22ia). Effect of different levels of nutrients and harvest intervale on free el^ *1oaatant of tha oil (par oent)i mean values fen* guo seasons*

*1 *2 *3 h4 *6 Moon k1 k2 *3 P1 *2 *3

“1 64.9 66.1 65.7 66.9 70.6 72.5 67.3 66.8 68.2 68.4 66.2 66.8 68.4

“2 66.9 67.4 ocJ.6 6'5.9 71.9 75.5 70.0 70.4 69.7 60.0 69.2 71.0 69.6

*3 67.1 67.5 66.4 70.6 72.3 74.1 69.7 6 b. 9 69.7 70.4 68.6 69.5 71.4

*1 65.7 66.1 65.6 67.5 69.3 73.3 63.0 66.0 67.2 66.4 - - -
*2 66.9 67.3 66.5 71.0 73.0 73.6 69.3 70.4 69.7 70.0 - - ~ h*
*3 65.9 67.1 63.7 63.9 72.4 74.6 69.6 63.9 69.7 70.4 - - O'- • O'l

*1 64.9 65.4 67.5 b9.9 71.0 72.4 68.7 - - - - - -
*2 66.2 67.2 66.9 63.6 71.5 75.0 69.2 - - - - - -
*3 67.7 67.4 55.4 63.9 7 2 .5 74.3 69.6 — - - — - -

item
(H) 66.3 67.0 66.9 59.1 71.6 74.0 69.1

Hear. C.T/.(3.05) 3.F.
n, ?
n

or II 1.10
1.55

0.39
0.55



IBB

the oil. Application of N at higher levels of 50 an* 75
kg/fea recorded significantly higher free aloohol content 
then the lower level of 25 kg/ha in both the seasons and
in the mean value for the two seasons. There was no signl* 
fioazxt difference between the free aloohol content at 50 
end 75 kg N/ha. The values reoorded at 251 50 and 75 kg 
N/ha in the nonsoon season were 66.6, 68.6 ond 68.6 per 
oent respectively and these in the sunmer season were 69 o» 
71.8 bdA 71.5 per oent.
Effect of phosphorus

The data reveal that the froo alcohol oontent showed 
slgaifleant difference uith difforont levels of P2°5 ■ Tlie 
highest value uao recorded with Po0r at 75 Kg/ha in the

»• J

monsoon season (68.8 per oent) and uith P20̂  ^  kg/ha
(71.6 per cent) in tho sunmer season. But thero uaa no 
signifiaent dlfforonoe botuaen thooo two troatnonts in 
cither of the soasons. Tho lowoot value wao reoordod with 
the lowest level of PgO^ in both tho ooaoans, and it was 
significantly lover than that for the other two treatments. 
Similar results ware noted for the mean values for the two
■sasons also.

aloohol oontent of the oil was not JLnfluanood 
tv th. dlff.r*rt l w l *  ot %20in elth.r of th. h u o u  or 
la th* u n  t^Lu. for th. two ..Mona. Th. ralu.. raoord.d 
rt 30 M d  75 war. .Lightly tlun th. t.1u. >t
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25 kg/ha in both tha seasons. free alcohol contents 
recorded at 25» 50 and 75 kg K^O/ha In tha monsoon season 
were 67*7* 68,0 and 68,2 per cant respectively and those
In the summer season were 70,6, 71.1 and 70.8 per oent 
respectively.
Nutrient Interaction*

The interaction between H and P was significant in
the summer season and reoorded the highest value. This
treatment reoorded the highest value in tho monsoon season 
too.
Effect of harvest Intervals

Significant difference uao observed with different 
intervals of harvest. The highest value was recorded with 
65 days interval ond it was significantly superior to all 
other intervals of harvest in both the Qoaoono and in tho 
M a n  value for both tho oeasons. Tho lowest valuo was 
reoorded with 40 day interval in tho monsoon season ond 
with 45 day interval in tho oummor ooaoon. Froe olooliol 
oontent of the oil was found to Increase nlnoot llnaarly no 
the interval betwoon the harvests increased in both the 
seasons. Tha values reoorded in tha summer season were 
higher then those reoorded in the monsoon season and tha 
values with different intervals of harvest ranged from 64.0 

to 72.5 per oent in tho monsoon season end from 67.5 to
76,6 per oent in the sunmer eeason.



■
/

Combined aloohol
The data relating to the combined aloohol content 

(per cent) ae influenced by different levels of N, P, K and 
H are presented in Tables 23 a, b and o.

ib3

The effect of IT was significant in both the seasons 
and in their moan value also.

The highest value was reoorded by 25 kg TT/ha in both
the seasons and it was significantly higher than the other
two levels. The lowest value was reoorded with 75 kg n/ha
in the naneoon season (23.2 per cent), while the lowest
value in tha summer season was reoorded with 50 kg TT/ha
(20.6 per cent). Bub both those treatments were on par in
both the ooasons. The moon values for tho two seasons also
ehowsd tho same result and the values reoorded at 25, 50
end 75 kg n/ha woro 23.7* 22.0 ond 22.2 per oont rospoctivoly.
Effeot of phosphorus

The difforenoo in the values of oombinod aloohol with 
different levels of P205 was not significant in both the 
seasons. it was significant for tho mean voluos of the
two seasons. In both tho seasons 50 ond 75 kg/ha reoorded 
lower values than 25 kg P20g/*1**
Bffsot of .potMPJLaa

There was no significant variation in the oontant of
.otiblMd aloohol of oil with dlff.rut 1 m l .  of KjO In 
■ V  of th. M M C B I  or In tbolr m u  win... Wo a.flnlt.



f l l «  23C*J - KCfaot of dJLTfarent l m l i  of notritato and h a m a t  i n t t m l a  on. ooabliaAalcohol con taut of tha oil (per cant) In tha monaocn saaacni 1981—82*

*1 *2 *3 h4 s *6 Mean k1 *2 *3 Pi *2 *3

*1 25 .8 26.1 27.5 25.4 22.2 20.4 24.6 24.6 24*6 24.5 25.7 23.5 24.3
“2 26.6 25.4 24.6 22.6 n *1 o 20.4 23.5 23.2 23.2 24.1 23.1 23-6 23.6
*5 25.3 25.2 24.6 22.9 21.1 19.5 23.2 22.2 24.6 22.7 24.0 22.7 22.9

*1 26.5 25.9 26.1 24.4 22.2 20.4 24.3 23.8 25.1 23.9 - - -
*2 26.0 25.3 25.0 22.7 21.0 20.0 25.3 23.6 23.2 23.2 - - -
*3 25.7 25.4 25.6 23.9 21 .5 13-9 23.7 22.6 24.3 24.1 - - - M

*1 25.5 25.2 25.3 23.3 21.1 19.6 23.3 - - - - - O

*2 26.7 25.3 25.2 23.2 22.3 21.2 24.2 - - - - - -
*3 26.0 25.6 26.3 23.7 21.2 13.6 23.7 — — — - - -

**---B M D(H) 26.1 25.5 25.6 23.7 21.5 20.1 23.3

Mean C.D.(0.05) S.TC.
17, P or K 1.01 0.36
H 1.43 0.51



II

M i a  23(b) • Effect of different lerrala of nntrionta ond harvest intervale onaloohol oontent of the oil (per oent) in tha aimer aoaeoni 1981-82.

*1 *2 *3 >4 *5 *6 Moan k1 k2 *3 »1 * 2 »3

®1 24.8 26.4 25.9 23.9 19.1 16.2 22.7 23.2 22.2 22.0 24.0 21 .4 22.8
*2 23.2 24.9 23.2 19.6 16.1 14.3 20.6 20.9 20.4 20.5 20.6 19.3 21.8

24.1 24.4 22.6 20.0 13.6 16.7 21 .1 21.4 20.5 21.4 22.1 22.7 18.9

*1 24.4 25.7 24.5 23.3 19.5 16.0 22.3 23.1 21.6 22.0 - - -

24.1 24.5 24.3 19.7 16.9 17.0 21.1 21.6 20.8 20.9 - - -

*3 23.6 25.5 22.9 O O  Q  
JLsJ e O 13.5 14.2 21 .0 20.7 20.7 21.0 - - -  H

-v !

O25.5 26.3 23.0 21.3 16.3 15.3 21.3 - - - - -

*2 23.6 24.3 24.0 21.1 13.0 14.3 21 .0 - - - - - -

* 3
23.1 24.S 24.6 21.4 13.7 17.0 21.6 — — — — — —

Kean(H) 24.0 25.2 23.9 21.3 13.6 15.7 21.5

I-leon J.3.(0.05) S.E.
'7, P or K 1.12 0.40
U29 17rl or -K 1.94 0*67
n 1.56 0.56



25(a)* Effect of different levels of nutrient a and harvest intervale on oonbinedaloohol oontant of tha oil (par oent)i mean values for two seasons*

*1 *2 *3 h4 X
j *6 Mean k1 *2 S *1 >3

*1 25.3 26,2 26.7 24.7 20.7 1*3.5 23.7 23.9 23.4 23.6 24.8 22.5 23.7
*2 24.9 25.1 23.9 21.1 19.7 17.4 22.0 22.0 21.7 22.3 21.9 21.5 22.7

25.0 24.9 23.6 21.5 19.9 18.4 22.2 21.9 22.7 22.3 23.0 22.7 20.7

*1 25.5 25.8 25.3 23.9 20.8 18.2 23.2 23.4 23-3 22.9 - - -
** 25.1 24.9 24.7 21.2 19.0 18.5 22.2 22.6 22.0 22.1 - - -
*3 24.6 25.6 24.2 22.2 20.5 17.5 22.4 21.6 22.5 23.2 - - -

*1 25.5 26.0 24.2 22.4 19.7 17.7 22. u - - - - - -
*2 25.1 25.1 24.6 22.5 20.0 17.7 22.6 - - - - - •

24.5 25.2 25.5 22.5 20.0 18.6 22.7 — — — — - -

Msen(H) 25.1 25 .4 24.6 22.4 20.1 •* ‘iO»6 22.6

Mean 'J .0.(0 .05) o. r..
N, ? or K 1.12 0.40
II 1.59 0.5b



1  / 2

trad v a. t l H  notioed in tha ootnblned

futrigit
lavela of KgO.

Interaction between N and P was significant In the 
ramar season and n ^  reoorded the lowest value (18.5 per 
oent) followed by ngP2 (19.3 per cent). YTha highest value 
waa reoorded with (24.0 per cent).
Effect of harvest Intervals

Different interval□ of harvest allowed significant 
variation with regard to the contont of combined alcohol 
in both th9 seasons and in the mean valuo for the two 
seasons. The percentage of combined alcohol waa found to 
decrease as the interval botwoan the harvests increased.
The lowest value in both fcho ooaaono v/ao recorded with 65 

days interval ond it wan significantly different from all 
other treatments. Tho liighoot valuo was recorded with 40 
days interval In the monsoon season ond with 45 days inter
val in the summer ocanon, but thoro was no significant 
variation m one 40, 45 ond 50 dear lntorvnlo in both th. 
uaaona or for tho moan vnluon for tho two ooooona. Lower 
'rain, of oomblned aloohol woo rooordod in th. eunmor oenoon 
oonpared to that in the oon.oon oenoon. Tho oonblnod 
aloohol oantant with different Interval. of harvest rnngod 
from 20.1 to 26.1 per omt In th. »<®.oon ....on and from

13.7 to 23.2 I** <>•»* 1,1 th* * ™ " r



Geraniol oontm^
Data on the geraniol oontent of the oil obtained in

the gamer season as determined by 61C are presented in 
Table 24.
Effeot of nitrogen

Geraniol content of the oil waa not influenced 
significantly by tho different lovola of W. The values 
obtained at 25, 50 and 75 kg 17/ha were 56.1, 56.3 and 59.3 
per oent respectively. 
ggfgai of phosphorus

Effoot of different lovelo of ^2^5 011 £ercj0L°l 
oontent of tha oil also showod no algnlficanb difforenco.
But ^2^5 50 and 75 kg/ha recorded higher valueo than at
25 kg/ha end tho valueo obtainod at 25, 50 ond 75 kg PgÔ /lin 
were 50.1, 59.3 and 53.4 por cant raapootivcly.
Sffeot of potoeBlixn

No significant dlffcronoa wa0 notiood in tho gGrnniol 
oontent with different lovola of KgO. Tho valuoo obtainod 
at 25, 50 end 75 kg K^O/ha wore 50.5, 59.1 ond 50.6 por
oent respectively.

Internoilcm between H end K ml between F and K were 
■leafleant. The hlghert T*lue waa reoordad for the n ^ 2 
level, followed by njty Ot the dlffermt VK oonblnetlon 
Pjk, reoordad toe m x i » *  t.1*. followed by P ^ a *



I

Eafcla 24. Kfftoet of differil level* of nutrients m d  harvest intervale on geraniol ra&tmtof the all (per a oat) in the auaaar eeaeant 1901-G2, detexulned by QLC,

*1 *2 *5 h4 *5 *6 H a m k1 *2 *3 »1 *2 *1

*1 61 m2 56.9 52.5 54.9 59.6 63.7 53.1 59.0 56.9 57.8 55.7 60 .4 58.3
■2 57.1 54.0 60.5 56.. 50.0 66.5 50.3 56.2 59.6 60.5 59.0 60.3 56.9
■5 56.9 60.0 56.0 55.8 61.6 63.6 59.3 59.4 60.9 57.6 59.4 58.6 59.9

57.1 59.1 55.0 52.3 60.6 63.7 50.1 57.7 57.6 58.9 - - -
60.1 55 .1 53.0 59.7 60.0 65.8 59.3 50.7 59.1 61.6 - - H

»5 59.9 56.6 56.1 54.6 53.7 64.3 53.4 59.0 60.4 55.3 - - H-*

*1 56.1 54.5 58.4 56.2 53.3 66.3 58.5 - - - - - -
*2 58.7 57.3 55.6 56.7 60. -3 65.1 59.1 - - - - - -
s 62.4 50.6 55.1 54.1 50.6 62.0 58.6 — — — — — •

Main
(3) 59.1 57.0 56.4 55.7 59.7 64.6 56.7

I lean C.t ,(q .Q5)
IT, r or K - 0,76
IT-, ITK or a?: 3.71 1.32
II 3 -02 1.07



IV 5

There wea significant difference in the geraniol 
oontent of ■the oil fop different intervals of harvest • It 
van found to decrease as the interval of harvest increased 
from 40 to 55 days and thereafter it inoreaaed. The highest 
value (64.6 per cent) was reoorded for the 65 day Interval 
and it was significantly more than that of all other harvest 
treatments. The values recorded at 40, 45, 50, 55, 60 and 
65 day intervals were 59-1, 57-0, 56.4, 55-7, 53.7 ond 64.6 

per cent respectively. 
ape bate
The data for the goranyl aeotato oontent as influenced 

hy the different treatments are presented in Cable 25.
Sffact of nitrogen

Tha of foot of II was not significant. Tut wiok 
inoroafling levels of II tha curanyl aootato content decreased. 
T'hjp values reoorded at 25, 50 and 75 kg U/iia were 23«9» 23.4 
and 22.5 par cant rospaotivaly.
Effeot of ^osvhorafl

Tho influanao of phosphorus woo also not significant
for the aaetabo content of tho oil. Dut the application
of PgO^ at 50 and 75 kg/ha rooulted in slightly lowor
aoetate oontent than that at 25 kg/ha. Th* valuo. obtain.a
•t 25, 50 75 kg/h» wore 23.6, 22.0 and 23.3 per a ant
nap.otlv.ly.
E f f M t  Of n n f a a l u a

mnu^x tha acetate aantant of tha oil w u  not



M l >  25. KCftoat of dlffaraii l m l a  of nntrlaata and h a m a t  Intaxrala on m n j  1 a n u t *•ontant of the oil (par oent) In the auonor season* 1981—02, determined ffLO.

*1 *2 “3 h4 s *6 Mean k1 *2 k3 *1 *3

*1 25.6 28.9 28.8 73.9 .20.8 15.4 23.9 23.2 24.1 24.4 24.3 23.0 24.4
*2 25.7 26.2 26.2 25.0 22.3 14.8 23.4 25.1 21.7 23.2 23.1 22.4 24.6a
*5 »T.5 24.8 26.0 22.4 19.4 14.6 22.5 23.1 23.0 21.3 23.5 23.1 20.8

26.8 26.2 27.6 25.6 20.2 15.4 23.6 24.2 23.3 23.3 - - -
*2 26.1 25.0 27.2 24.2 19.5 15.0 22.0 23.4 21.9 23.2 - - -
*3 26.0 23.7 26.2 21.5 22.7 14.4 2;.; 23.7 23.6 22.5 - — bAfll~ i

*1 26.3 27.3 27.4 22.7 23.3 15.3 23.3 - - - - -
03

*2 26.8 24.3 27.7 25.5 18.4 15.0 22.9 - - - - - -
*5 25.8 27.8 25.9 23.2 20.7 14.6 23.0 — — — - - -

Minn(H) 26.3 26.6 27.0 23.3 20.8 14.9 23.2

I lean P.-:.0.05) S.E.
N, P or Z - 0.48
ZTP, m: or PE 2.52 0.82
n 1 .eg 0.67 /arj



1 ;

influenced significantly by the level 0f KgO, the highest 
veins (23.8 per cent) waa reoorded at the lowest level of 
KgO, and the values for 50 and 75 kg KgO/ha were 22.9 and 
23*0 per cent respectively •

177

The Interaction of N with P ond n with K wore also 
significant. Of the various np combinations recorded 
the lowest value (20.Q per cent) while in the nk combina
tions n^k.̂ (21.3 per cent) reoorded tho lowest value.
Effect of harvest interval a

The acetate content of the oil was significantly 
influenced by different intervale of harvest and tho valuo 
was found to inoreaso upto tho 50 doy intorvnl with a 
tendency to decrease thereafter. Tho lowoat value (14.9 
per oont) was recorded by tho 65 doy interval and it uao 
significantly lower than that of the othor intervals. Tho 
highest valuo (27.0 per oont) was raoordod for the 50 doy 
harvest interval. But thoro was no significant difforenoo 
between the intervals of 40, 45 and 50 doyo. Tho vnluoo 
recorded for the 40, 45, 50, 55, 60 and 65 day lntarrolo 
ware 26.5, 26.6 , 27.0 , 25-0, 20.0 and 14.9 par oent roepoo-
tively •

Pat. on th. geraniol yield obtained in the two year. 
..parately and th. ooablned yield for both the year, are 
preaented in Table. 26 a, b and o and In rig. 2 and <T.



TbU j  26(a). Sffsot of dlffawnt lerrals of nutrlonts and harvest Intervals an aaranioljiald (k*/ha) in tha first yeart 1900-61 •

*1 *2 *3 h4 *5 *6 Mean k1 k2 *5 »1 *2 *3

*1 18.63 23.64 24.52 29.47 27.04 28.36 25.20 26.41 25.17 24.26 22.41 26.81 26.62

■2 16.11 21.22 27.34 26.64 2b .40 32.22 25.32 26.01 23.63 25.50 24.44 26.79 24.73
“5 16 .96 23 .®5 22.02 26.78 29.56 29 .96 24.06 24.29 24.22 25.96 20.61 23.63 30.33

»1 15.84 20.23 23.92 25 .06 24.55 25.24 22.47 23.55 21.29 22.63 - - -
17.28 22.74 23.85 27.46 32.26 30.62 25.74 25.33 25.24 26.43 - - -

*5 13.59 24.94 26.91 32.27 26.19 34.71 27.27 28.63 26.51 26.67 - -
*

*1 18.57 21.98 26.40 29.78 28.44 29.£5 25.04 - - - - •
H"V

• CO

*2 15.89 22.28 22.98 26.36 26.63 32.16 24.35 - - - - - -
*3 17.25 23.67 S . 29 23.86 27.92 23.6b 25.24 — — - — - -

Km
(H) 17.24 22.54 24.39 23.30 27.66 30.19 25.15

Mean
IT, r or K
II

C.5.(0.05)
2.426
3.432

5.E.
0.662
1.220



Wfclt 26(b) • IffMt of different love la of mxtrlonte and harvest intervals an. garsnloljlald (kg/ha) In tha aacond years 1981-82 •

*1 *2 *3 h4 *5 *6 Moan k1 *2 k3 *1 ** *5

*1 35.93 40*65 39.87 43.02 55 .40 64 .61 47.55 45 .74 50.72 46.19 44.11 50.56 47.69
*2 34.08 40.35 40.79 53.32 62.09 71.62 50.59 49.01 50.47 51.46 47.56 55.15 51.18

35.55 40.16 41.31 53.64 65 .93 70.67 51.29 51.61 50.95 51.32 45.77 50.07 58.05

*1 33.16 38.52 39.97 49.68 51.47 61.90 45.82 44.96 46.29 46.28 - - -
*2 35.04 38,09 41.99 51.17 60.21 72.40 51.29 49.09 52.76 52.04 - - -
*3 37.37 43.74 40.52 55.23 64.55 72.53 52.35 53.29 53.11 50.65 • - - M

*

*1 35 .58 37.26 40.23 49.96 63.63 67.72 49.06 - - - - -
CD

*2 35.96 42.19 39.73 52.13 62.44 72.06 50.75 - - - - - -
*3 34.02 41.72 42.45 54.18 50.25 67.16 49.65 — — — — — —

Moan(H) 35.19 40.39 40.82 52.09 61.41 69.OO 49-01

Mean C.D.(0.05) S.E.
n, P or K 3.337 1.363
HP, HK or PK 6.646 2.361
H 5.426 1.920



2 6 (c). K M  o f d lf fm n t  lcro lc  of nutrianta rmd h a rrn l la lu n rali oil g m i o ljltU ()cg/ka}i pool ad data for two yoara.

*1 *2 **3 h4 ^5 *6 tloon k1 k2 *3 »1 *3

*1 54.56 64.29 64.39 78.29 02.44 92.99 72.03 72.15 75.09 70.45 66.53 77.41 74.52
*2 50.19 61.57 63.12 32.47 39.30 103. 05 75.92 76.62 74.19 76.96 72.01 79.94 75.80
■5 52.51 63.21 64.63 30.42 95.50 100.63 76.15 75.90 75.27 77.20 66.59 73.70 80.57

*1 48.99 58.75 63.39 75.05 76.02 37.14 63.31 63.51 67.58 68.91 - - -
52.52 61.63 65.34 78.63 103.43 103.09 77.00 74.42 73.10 78.46 - - -

»3 55.96 66.58 67.43 07.50 90.74 107.24 79.59 31.02 79.63 77.32 - - M
*1 54.15 59.22 66.63 79.74 91.97 97.57 74.39 - - - - - U3- O
*2 51.65 64.44 62.77 73.44 39.01 104.03 75.09 - - - - - -

*5 51.27 65.33 67.63 33.04 66.17 95 .dZ 74.90 — — • — - -

Moan
(H) 52.42 63.02 65.71 00.40 ' /-r

J  cuO 99.16 74 -96

>/ • > 1:10.0J5JL S
T7# P cr li
’TP, IZ or . 
77

4.
Q.
6.

»6j7
.135
.642

1.668
2.091
2.360 j



Geraniol yield in saoh of tbs years and tbs total
yield for the tvo years oombined were not influenced signi*
ficantly hj tha levels of N. The yields reoorded for 25,
50 and 75 kg N/ha in the first year were 25.28, 25.32 and
24.06 kg/ha respectively and the corresponding figures for
tha second year were 47.55, 50.59 and 51.29 kg/ha.
Bffeot of nhnonhorua

Increase in the level of increased the geraniol
yield significantly in the two years separately as well as
oombined. But there was no significant difference between 
the treatments of 50 ond 75 ltg Po0,-/ha. The values recorded 
for 25, 50 ond 75 kg PgÔ /lia in the first year were 22.47,
25.74 and 27.27 kg/ha respectively and the corresponding
yields in tha second year were 45.82, 51.29 and 52.35 kg/ha.
Effoots of potassium

Application of different levels of K20 did not
■ignifioantly influonae the goroniol yield. Tho yields
rsoorded for tho treatments of 25, 50 and kg KgO/hn in
tha first year wore 25.04, 24-35 and 25.24 kg/ha respectively
end those reoortod In tho oooond yenr vero 49.06, 50.75
and 49*65 kg/ha.
ffntrlmt Jjtfraraotlqpft

Tha interaction batwean fl and P was significant in
th. ...and y o n r  « d  In th. pool.d d.t. for the two y.nrs.
th. tr.ataent n,p, « « • « “  «*” nl01 yl'“  “ * “



ft? .2 rffoct of different levols o l  nutrionto o n  

harbaja ylold§ o il yiold# oil content and 
geraniol yield
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Gently mop© than +u 4. _ ̂ tha other combinations <In the first year too +vo ~-u• above treatment resulted in thehighest geraniol yield,
Sffeot of harvest ln»r«~^in

Geraniol yield inoreaaed with increase in the inter
vals of harvest in both the years. The highest yield was 
reoorded for the 65 day interval and it waa aignificantly 
superior to oil other harvest intervals in both the years 
separately and combined. The geraniol yield with different 
intervals of harvest varied from 17.24 to 30.19 kg/ha in 
the first year ond from 35.19 to 69.00 kg/ha in the second 
year.
Hotrlent composition and uptake studies
Hitroften oontant

Tho " content of tho herbage as influenced by the
levela of 7 and II are presented in Tabloa 27 Q. b ond
0.
Effect of nitrogen

Inorooain^ tho lovol of H fron 25 to 75 kc/hn
■ignlfioantly lnoreosod too n content of the horbnno In th.
flrot ye or. Tho hlghe.t value (1.18 per oont) woe recorded
Kith R ot 75 hut the voluoo obtain.d nt 50 ond 75
kg/ha wore on *nd »>oth v«ro .Ignlfloontly ooro than tha

iirvnl of H application. The values H content at the loweot l«nrei 01 vv
of 25• 50 and 75 kg/ha were 1.00 obtained at N application* or ?

1.15 and 1.10 P«r o€nt respectively*



T tt lt  2T(«J • KfTaat a f  d iffe ren t l m l a  o f m tr lm ta  and harreat in t t m la  in  n lt r o mo«tail of tha plant (par oent) In tha flrat yaari 1900-81.

*2 *3 h4 *5 *6 Mean k1 *3 »2 *3

*1 1.14 1.11 1.10 1.07 1 .09 1 .01 1.00 1.07 1.04 1.14 1.04 1.10 1.11
“2 1.23 1.19 1 .1 3 1 .19 1 .09 1.06 1.15 1.14 1.10 1.12 1.13 1.13 1.10

1.32 1.22 1.19 1.10 1 .10 1 10. • II. 1 .10 1.24 1.16 1.13 1.25 1.17 1.11

*1 1.22 1 .11 1.19 1 .17 1 .09 1,0J 1.14 1.20 1.10 1-13 - - -
»2

ff\C4•r- 1.16 1.11 1.14 1 .09 1.07 1.13 1.14 1.13 1-13 - - -
*5 1.23 1.24 1.11 1 .06 l .10 1 .05 1.13 1.11 1.16 1.14 - - _  HJC

CO

*1 1.26 1.21 1.14 1 .14 1.09 1.05 1.15 - - - - - -
*2 1.20 1.13 1.15 1 .11 1.10 1.09 1 .13 - - - - - -

*5 1.23 1.17 1.11 1.11 1 .10 1 • J  O 1 .13 — • — —■ • —

Keen(a) 1.22 1.17 1.14 1.12 1.09 1.05 1.14 - - - - -

Mean C.3J.(0.05) S.E,
n, or i: 0.033 0.014
I7?# .ill or Oil 0.0*55 0.024
H 0.054 0.019



SMfclo 27(kJ • ITfaot ®f ULCfmsI larela of nutrlaula and haxrut lsknTBla caof tho plant (par oobI) la tha aaormfl joori 1961-02.
k i •

*1 *2 *3 h4 *5 *6 Moon *1 *2 S h H

»1 1.16 1.13 1.14 1.12 1.06 0.97 1.10 1.08 1.14 1.07 1.07 1.10 1.13
“2 1.10 1.16 1.15 1.16 1.07 1.06 1.13 1.09 1.10 1.20 1 .15 1.15 1.10
*5 1.23 1.22 1.11 1.07 1.12 1 .30 1.13 1.10 1.14 1.14 1.22 1.06 1.00

1.23 1.16 1.13 1.13 1 . 0 6 1.09 1.14 1.17 1.16 1.11 - - -
*2 1.19 1.17 1.37 1.13 1 .10 0.99 1.11 1.07 1.10 1.17 - - -
»3 1.15 1.13 1.15 1.09 1.10 0.94 1.10 1.03 1.14 1.13 - - - MJC

1.1a 1.14 1.05 1 .08 1.06 1.02 1.09 - - - - -
>D>

*2 1.22 1 .13 1.15 1.16 1.05 1.03 1.13 - - - - - -

*5 1.17 1.19 1.21 1.11 1-15 0.97 1.13 — — — — - -

Mood.
(H) 1.19 1.17 1.13 1.12 1.05 1.01 1.12

Maan
17, r or K
it?, ~n or .j: 
H

C .3.(0.05) s.s.
0.017

0.005 0.031
0.070 0.025



27CiJ* Bffeot of different ltrala of rmtrlante u d  h a r m %  intarralt on nltreamoontant of to* plant (par oont)« a*an 'value* for two years*

*1 *2 *5 h4 *5 *6 Mean k1 *2 s Pi ®2 *3

“1 1.15 1.12 1.11 1.09 1.07 0.99 1.08 1.07 1.03 1.10 1.05 1.10 1.12
■2 1 *22 1.17 1.14 1 .18 1.00 1.06 1.14 1.11 1.14 1.16 1.16 1.14 1.14
*5 1.28 1.22 1.15 1.09 1 .1 1 1.06 1.17 1.17 1.15 1.14 1.24 1.15 1.10

1.27 1.14 1.18 1.15 1 .08 1.00 1.15 1.18 1.13 1.14 - - -
*2 1 .21 1.17 1.11 1.13 1 .09 1.03 1.13 1.10 1.12 1.15 - - -

»3 1.19 1.21 1.13 1 .07 1.10 1 .01 1.12 1.07 1.15 1.14 - - JC
1.22 1.17 1.11 1 .11 1.06 1.03 1 .12 - - - - -

C/I

*2 1.21 1.15 1.14 1.14 1.06 1.05 1.13 - - - - - -

*3 1 .24 1.18 1.16 1.11 1.12 1.04 1 .14 — — — — — —

Mean
(H)

1.22 1.17 1.14 1.12 1.09 1.04 1 .13

I loan r. '"'.(0.05) S.E.
n9 v or K 0.032 0.011
.is, :2. or rK 0.056 0.020 -

n 0.045 0.016



Though the N content was not influenced significantly 
by tha lerela of N during the second year the values reoordad 
et 50 sod 75 kg N/ha were higher than that at 25 kg/ha. The 
Talaaa corresponding to N application of 251 50 and 75 kg/ha 
were 1 .10, I.13 and 1 .13 per cent respectively.

hen the pooled data were considered it is seen that 
the Baxicnm  value was recorded with 75 kg N/ha (1.17 per 
cent) and it was on par with the treatment of 50 kg N/ha 
(1.14 per cent) • However both of them were eignifioantly 
higher than that of the lowaut lovcl of IT (1.08) por cent.
S g g & L  O f  m h O O P h Q F U O

The IT oontent of tho herbage v; q o  not influenced
significantly by different lovclo of P2^5 £̂L ^1Q ^u0 yeQXfc} 
separately or combined• Nitrogen oontont decreased uith 
increasing levolo of P205 and the valuoo recorded at 25, 50 
and 75 kg P50r/ha in tho firot year were 1.14, 1.14 and 1.13 
per oent roapootivoly and tho corresponding flguroo for 

aooond year uoro 1*14# 1*11 and 1.10 fot cent.

186

Diffaront lovola of K20 did not produce any Blgnlfl- 
ont affoot on tha H oontont of tho horbago lit tho two y.nrs 
OT M  pot th. M a n  value for two year.. The value a rooord.d 
OT 25. 50 and 75 kg *20/h. war. 1.19. 1.19 and 1.13 pot cant 
raap.otlv.ly for th. firOT y « r  oorx.apondlna
figure, for tha aaoond y.ax vara 1.09. 1.19 « d  1.19 Por



1H7

Th. interaction of H with P waa significant In both 
th. « d  for th. mean value for tha two years, and
*5*1 ” 001,364 the hisbeet value In both the years.

Th. lnteraotiana between W ond K and between P 
* vtT9 alao significant in the first year end for the mean
▼Blues obtained fop two yeara. Out of the different nk 
combinations, ngk^ reoorded the maximum value anH among the 
different pk combinations recorded the highest value* 
whan tha mean data for two years wore considered a 
Bffeot of harvest interval a

Interval of harvest showed significant influence on 
tha N content of the horbaga in both the years separately 
Bad oombined. A a the interval between harvests increased 
tha $ content decreased significantly in both the years#
Tha highest value was rooordcd for the 40 dô y interval and 
tha lowest valuo for tho 65 day interval in both tho years. 
Nitrogen oontonb was lower in tho oooond yoor than in the 
flret year ond the values for the difforont levels of N 
ranged from 1.06 to 1.22 par oant in tho first yoar and from
1.01 to 1i19 par oarit in the aooond yoor.

UlMuhOWm ^  ^ 0£mtanl of th. horbaga a. affeotad

by 4iff.r«nt i m l i  of N, P, K » »  H •r8 prM<nb*d **
Tables 28 *, b and o.



M i l  2 0 f a J • Iffaul of llffc —  % lavila of nslriorta an d  h a m o l  i o W m l a  onof-font of 42m  plant (par oont) 1b  42m  flrat yaart 1900—81 •
• »«

*4 *2 *3 *4 *5 *6 Mean k1 k2 *3 »1 »2 *3
0.161 0.170 0.169 0.153 0.158 0.120 0.157 0.154 0.15Q 0.158 0.136 0.165 0.16a

*2 0.161 0.154 0.159 0.147 0.149 0.156 0.154 0.147 0.147 0.169 0.142 0.170 0.15a
*3 0.157 0.162 0.157 0.144 0.139 0.138 0.150 0.150 0.152 0.146 0.156 0.142 0.130

*1 0.147 0.145 0.158 0.148 0.140 0.131 0.145 0.132 0.152 0.150 - - -
h 0.162 0.179 0.165 0.146 0.144 0.158 0.159 0.155 0.161 0.161 - - -
*3 0.171 0.161 0.164 0.149 0.162 0.133 0.157 0.164 0.143 0.163 - - 18•

*1 0.150 0.162 0.156 0.147 0.147 0.141 0.151 - - - - - 03

*2 0.160 0.148 0.157 0.148 0.153 0.147 0.152 - - - - - -
*3 0.169 0.176 0.172 0.148 0.146 0.134 0.158 — — — - - -

I
s 0.160 0.162 0.162 0.148 0.149 0.141 0.154

Ileon C.D.(0.05) S.E.
N# P or K 0.0101 0.0036
!7?# I*K or rK 0.0175 0.0062
n 0.0143 0.0051



*1 *2 *3 h4 *5

■1 0.167 0.17b O.I63 0.134 0.143 0

■2 0.151 0.152 0.155 0.150 0.131 0

*3 0.159 0.167 0.162 0.147 0.133 0

0.149 0.146 0.148 0.137 0.126 0

h 0.164 0.173 0.167 0.153 0.147 0

*3 0.165 0.174 0.165 0.149 0.134 0

*1 0.160 0.173 0.165 0.152 0.13Q 0
*8 0.161 0.155 0.139 0.133 0.131 0

*3 0.156 0.167 0.175 0.154 0.138 0

Ml—
(H) 0.159 0.165 0.160 0.146 0.136 0

Mean
IT, P or K 
HP, NK or PK 
H

1a  the — or— rt jwri

hg Moan

141 0.154
134 0.149
133 0.150

135 0.140
138 0.157
135 0.154
146 0.156 

131 0.142
130 0.153

*1 *2 ** »1 H

0.151 0.144 0.164 0.145 0.157 0.160
0.157 0.129 0.153 0.131 0.160 0.148
0.159 0.150 0.142 0.145 0.154 0.152
0.144 0.135 0.143 - - -
0.168 0.149 0.150 - - -
0.156 0.139 0.166 - - - MJC 

• ̂
- - - - - —
- - - - -

136 0.150

C.D.(0.05) S.E.
0.0101 0.0036
0.1750 0.0623
0.0143 0.0051



fttli 20(a) m KCCtot of dlCftmlt I m l a  of imtrimU and h a m a t  lain wli oaoontant of tha plant (par oont) i naan value a for two ytara.

*2 “3 h4 *5 *6 Mean k1 *2 *3 »1 *3
0.1S4 0.173 0.163 0.143 0.151 0.134 0.156 0.152 0.152 0.166 0.140 0.161 0.16'

■a 0.156 0.152 0.157 0.153 0.140 0.145 0.150 0.152 0.138 0.161 0.138 0.165 0.154
“3 0.159 0.165 0.159 0.146 0.136 0.131 0.150 0.155 0.151 0.144 0.151 0.149 0.151

*1 0.143 0.146 0.152 0.143 0.134 0.133 0.143 0.137 0.144 0.148 - - -
®2 0.1S4 0.176 0.166 0.149 0.145 0.143 0.153 0.162 0.156 0.157 - - -

»3 0.168 0.170 0.164 0.149 0.143 0.134 0.156 0.160 0.141 0.167 - - h *
“ CDO

*1 0.156 0.157 0.161 0.149 0 . 1 4 2 0.143 0.153 - - - - -

*2 0.161 0.151 0.148 0.141 0 . 1 4 2 0.139 0.147 - - - - - -

*3 0.163 0.174 0.174 0.151 0 . 1 4 2 0.134 0.157 — — — — — *

Nm d(H) 0.160 0.164 0 . 1 6 1 0.147 0 . H 2 0.133 0.152

Mean C.D.(0.05) S.E.
x-> or K 0.0111 0.0039

II 0.0153 0.0054
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Application or N at different lavala did not
W t o m f  th. P contont of tho herbage. Inoreaaed level.
of I .lightly decreased tho P oontant of the herbage in
both the yoara. The Taluse with different levela of N in
ths first year* ranged from 0,150 to 0.157 par oent ymd in
ths second year, the variation was from 0.149 to 0.154 per 
oent.
Effect of phosphorus

Different lovolo of ^2^5 significant influence
on the P content of the herbage in both the years separately 
and in their mean valuo. Tho highoot P content was 
recorded at 50 kg PgO^/ha which uao on par with 75 kg N/ha 
and u u  Bignifioantly superior to 25 kg/ha in both the 
years. The mean value for the two years also showed the 
•ana trend. The values reoorded at 25# 50 and 75 kg P20,_/ha 
in ths first year wore 0.145* 0.159 ond 0.157 por oent and 
those in tho sooond yoar woro 0.140, 0.157 ond 0.154 por
•ait respectively •
Effeot of potaosiTM

Different lorolo of K.,0 did not Influence tha 1>
oontant of tho hartaga In the flrat yaor. Howovor, in tha 
■eoond year, tha aff.ot of *20 ->• algnifloant. Dut no 
ragolT trend oould b. notlood in th. P oontant of th, 
tart.*. in th. two year, or oombln*. Th. ralua.
for *,0 .pplloatlon of 25. 50 ond 75 ^  0.151.

tttmt of
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*ne *lret year and 0.156, 0.142 
saoond year respectively,m &  0.153 per oent in the

Bie Interactions between N and P and between P and K 
were eignificant In the fir at year and the highest value a 
were reoorded by n ^  ond reapeotively. The inter- 
aetlon between N and K was significant In the second year

Different Intervals of harvest showed significant 
influence on tha P oontent of the herbage in both the years. 
In the first year, the highest value woo reoorded with 45 
and 50 day intervals (0.162 per cent) but there was no 
significant difference between the 40, 45§ 50, 55 end 60 
day intervals, The lowest valuo waa recorded with 65 doya 
(0.141 per oent) and it was significantly lower than that
of the other harvest intervals.

In the aooond year also tho lowest value was rocordod
with 65 flay Interval (0 . 1 3 6 per oant) anil It m e  on par with 
55 a n d  60 day Interval.. All the other harvoet lntorvnln 
hid Toiuoe than the a a treatment*. Similar renal to

and the mnrlnim -value waa recorded by n^,.
Effect of harvest intervals
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ata relating to the £ oontent of the harbago as
Influenced by different ~ „!®vele of Nf P, £ and H in both the
years and their mean are given in Tables 29 a, b and o.
Effect of nJ-fa-rpgan

Increasing the level of N from 25 to 75 kg/ha did 
not influence the K content of the herbage. The valueb 
recorded with 251 50 and 75 leg N/ha in the first year were 
2»10f 2.19 and 2.10 per cent respectively.

In the second year and in tho mean values obtained 
for two years tho K oontent was found to decrease qd the II 
levels increased • The K content in tho second year with 
different lcvolo of N ranged from 1.93 to 1.90 per cent 
and in the naan value for two years the -values ranged fron
2.01 to 2.03 per cant.
Effect of phosphorus

Different lavols of P205 3howed no significant 
influence in tho K oontant of horbago in both tho years and 
in the mean value for two yoaro. TI10 vnluoo rooordcd at 
25, 50 and 75 kg PgOj/hfi In th. firot yoor woro 2.15, 2.0Q 
M d  2.16 par oent roapeotlvoly «nd oorro.ponaing
flguraa for th. ..ooiiil y.ar v«ro 1.93, 2.00 and 1.91 p«r
oent.

Th. .ff.ot of V  «» to. K oontant of th. h « h ^ .
. tha veers sod in ths mean valuem i  .1y.lfl.mt in both th.



N *2 *3 h4 *5 *6 Kean *1 *2 *3 »1 h »3

»1 2*21 2.31 2.13 2.09 1.92 1.92 2.10 2.05 2.07 2.19 2.01 2.13 2.17

■a 2*53 2.22 2.26 2.14 1.99 2.01 2.19 1.92 2.28 2.38 2.04 2.39 2.15

*5 2.30 2.44 1.97 2.20 1.88 1.79 2.10 2.09 2.10 2.10 2.41 1.72 2.16

*1 2.37 2.37 2.20 2.13 1.38 1.91 2.15 2.02 2.19 2.24 - - -
*4 2.19 2.26 2.07 2.16 1.92 1.33 2.08 1.94 2.12 2.16 - - -
»5 2.49 2.33 2.09 2.10 1.99 1.96 2.16 2.10 2.14 2.23 - -

LC

*1 2.31 2.26 2.02 1.96 1.63 1.90 2.02 - - - - - fa

2.16 2.27 2.16 2.23 2.07 1.90 2.15 - - - - - -
*5 2.58 2.44 2.18 2.20 2.04 1.07 2.22 — — — — — —is 2.35 2.32 2.12 2.14 1.93 1.91 2.13

Mean C.P.(0.05) S.E.
17, ? or K 0.156 0.049
NP, I1K or HC 0.239 0.005
II 0.195 0.069



MHBaadl « T  i l f f t M K l  l i f i l f l  o f  f l n t j r l n i i  r a d  h i r r r a l  1 a % itv b 9 ls  ora M t a r a L r a    — 11 aT tha plant (par oral) in tha second yaart 1981-02 « ^ m w r a

*2 N h4 "5 *>6 Kean k 1 *2 *3 *1 P2 *3

*1 2.24 2.14 1.84 1.95 1.03 1 .50 1.90 1.07 1.94 2.14 1.97 1.91 2*07
■2 2.16 1.89 2.27 1.97 1.03 1.69 1.97 1.78 2.01 2 .12 1.84 2.23 1.63

*3 2.28 2.24 2.02 1.78 1.70 1.50 1.93 1.06 1.94 1.99 2.13 1.65 1.62

2.27 2.20 2 .11 1.02 1.79 1.69 1.90 1-93 1.04 2.16 - - -
*2 2.26 2.07 2.17 2.00 1.79 1.71 2.00 1.73 2.17 2.10 - - -
*3 2.16 2.01 1.06 1.86 1.79 1.77 1.91 1.85 1 .80 1.99 - - - HCD
*1 2.16 2.16 1 .86 1.71 1.60 1.54 1.04 - - - - - Ot

*2 2.14 1.94 2.07 1.92 1.91 1 .80 1.97 - - - - - -
*3 2.38 2.18 2.22 2.04 1 .06 1.82 2.03 — — — — — •

M a n 2.23 2.09 2.05 1.69 1.79 1.72 1.96
CH)

liccn n.r,. (0.05) S,.E.
r 02* K 0.119 0 .043

ir?t :7X or j: K 0.207 0,.074
n 0.169 0,.061
mi, jL-r:< or Eli 0.2Q2 0 .105



w f dil f f t f fM l I c m I b  ttP m t r l  n l s  m A Iu t t b i^ IjkImopvvCLb cml 
 *— •- g f  pU n ta  b h d  f l n a i  fo r  two yooro.

*2 *3 h4 *5 *6 Mean *1 *2 *5 »1 »2

“1 2.23 2.23 1.93 2.01 1.33 1.92 2.03 1.93 2.01 2.16 1.99 1.99 2.12
■2 2.34 2.03 2.27 2.07 1.91 1.05 2.08 1.35 2.08 2.28 1.94 2.31 2.0C
*5 2.29 2.34 1.99 1.99 1.79 1.68 2.01 1.98 2.08 2.01 2.27 1.78 1.99

2.32 2.29 2.16 2.00 1.33 1 .30 2.07 1.98 2.02 2.20 - - -
>2 2.22 2.16 2.06 2.03 1. J3 1.79 2.03 1.81 2.14 2.14 - - -

*5 2.32 2.17 1.98 1 .93 1 .89 1 .S3 2.O'2*m 1.98 2.01 2.11 - - mb*•r

*1 2.23 2.21 1.38 1.33 1 ,6a 1.72 1 .92 - - - - - 03

*2 2.15 2.10 2.11 2.10 1.99 1 .89 2.0b - - - - - -

*3 2.48 2.31 2.20 2.02 1.35 1 . OA 2.15 — — — - - —

H u n
CH) 2.2S 2.21 2.06 2.02 1.86 1 .82 2.04

Mean C. i1. ( 0.03) 5.2.

TTp ? or K 0.104 0.036
itx»# n-: or '-K -.loo 0.062
H 0.147 0.051
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ware

ftr two years, it incre**^ faeed with iooreaae in the levels of
KgO. In the first year the K oontmta reoorded at 25 end
50 kg E20/ha ware on p«. and thare W M  M  rtfflUlo-|lt
difference between 50 and 75 kg KgO/ha also.

Becond yot rp end In the neon values for the 
yo^n# 50 and 75 kg KgO/hn were on per anfl they were 

significantly higher than the value at 25 kg KpO/ha. The K
Cm

oontent recorded in the firot year at 25, 50 and 75 kg KgO/hi
2#02, 2#15 end 2.22 î er cent reopeotivcly while those 

far the Beaond year vera 1 . 8 4 ,  1 . 9 7  a n d  2 . 0 0  por cent. 
fntrient interactions

The interaction of N with P woo significant in both 
tha years ond as per the neon values for the two years. The 
highest value was recordod with n^p1 in tho first year, 
followed by ^2^2* *n aG00njcl yQQr» the highest value was 
reoorded with UgPg. Tho lowest valuos in the first year 
and aeoond yoor wore reoorded by n^P2 rospeotivoly.
Tha interaction of T7 with K was significant in the first 
year ltd in the mean valuo for two years. Maximum value 

raaorded by n^, in the norn for two yoaro. The inter
action between P end K was elgnlfloant In tho oeocmd year 

the highs et value was reoorded by Pgkg-

With increasing intervale of Mrree* w».
m  m w  *» “ “  «



with 50 day interval in bothDoth the years and in the mean far
two y The highest value in both the years was recorded
with 40 day intervale. The mean value0 of K with different 
lHterral* of horror ranged from 1.91 to 2.35 par cent In
th. first year ond froci 1.72 to 2 .23 per cent In the second 
year.
totffPSP.fri-QP, between nutrianto and harvest intervals

Tho interaction between II and H was oignificont in 
the second year and tha nmxiouni K content woo recorded with
“3 V
Ciiloian oontant

The data relating bo the fa oontant aa influenced by 
different IovoIg of T# ~ t K and li in both the yoara and 
their moan valuoa are prouenbod in fabloa ;;0 a, b end c. 
Effect of nLtrogcn

Tho 'fa oontant of tho herbage v/aa not influenced 
■ignificontly with difforont lovulo of II in either year or 
fg per th° xcon value for tha two yoara. The highest Cn 
oontant was record o»J at 75 kg H/hn in both the yoara and
the Ca oontant of tho herbage with li at 25. 50 and 75 kg/hn
w e  0.331, 0.327 ond 0.340 per oont roopootlvoly In tho 
fir* y w  and 0.333. 0.315 and 0.330 P «  oont roopootlvoly
in the eeoond year.

^  not hav. eny al«nl«o»t aff.ot on
the 0. ocntent of th. h « b « .  in th. two y.er. elthor

. in th. flrrt y w t 0. oontantMpaxataly or oonblned.

i"Jo



JHm)
me lit plant (par east) in tha flrat jmman

*3 *4 N h, Uoen k1 *3 *1

■l 0.360 0.326 0.336 0.321 0.352 0 .202 •0.331 0.355 0.303 0.335 0.306 0.352 0.356
■2 0.360 0.330 0.346 0.307 0.312 0.317 0.327 u .320 0.331 0 .330 0.323 0.324 0.335
*3 0.329 0.355 0.351 0.324 0. ,40 0. o'ju 0.34u 0.327 0.339 0.358 0.334 0.336 0.351

*1 0.301 0.316 0.330 0.317 0.332 - • ^ 0.321 0.320 0.230 0.347 - - -
*2 0.356 0.337 0.333 0.3*23 J.349 r t 0 )v' • >*/- 7 0.337 0.344 0.331 0.337 - - -

*3 0.395 0.353 0.362 0.307 JmZ^J  ̂O0 2.341 0.331 0.353 0.539 - - -

*1 0.358 0.363 J.331 0.324 Dâ iCo J .302 0.354 - - - - - h*- CXcx
H 0.349 0.313 0.333 0.2^7 n  ̂* 0 0.31 j 0.325 — • — — —

*5 0.343 0.531 0.351 0.342 J.353 0.320 2.341 - — — - — -

I N 0.350 0.537 0.345 0.317 0 • 335 0.314 0.333(H)
I loan ■ . *. Co.05) Sa *5 a
• a •» \
, , r' Cli* - 0.0076
^  w • —— a'-1 • or 4' u .0302 0.0132

— 0.0108



jvTfej. m m  «f i o r r a i  :ot U h  plant

*1 *2 *3 h4 >s **6 Moon k1 *2 *5 *1 »2 *3

*1 0.776 0.348 0.320 0.322 0.531 0.293 0.333 0.361 0.303 0.338 0.315 0.344 0.343

■2 0.343 0.354 0.526 3.315 J .286 0.266 0.315 0.305 0.322 0.320 0.310 0.322 0.311'

“3 0.335 0.321 0.529 J . 302 0.323 0.419 0.336 0.330 0.353 0.332 0.329 0.351 0.33'

»1 0.306 0.325 0.333 0.526 0.326 0.291 0.316 0.326 0.290 0.336 - - -
*2 0.330 0.327 0.31S 0.319 0.310 0.360 0.339 0.334 0.331 0.352 - - -
*5 0.359 0.371 0 • 3 32 U.290 0.310 0.307 0.330 0.334 0.356 0.302 - - "Vj

*1 0.359 0.357 c .313 0.311 0.311 0.340 0.332 - - - - - 0
- 0

*2 0.343 0.329 0.331 0.3i5 C .306 J. 326 0.327 - - - - - -
*3 0.353 0.337 0.33*3 Oo'iO 0.326 0.312 0.330 — — — — - -

M a n
(H) 0.352 0.541 V • J 0.312 0.315 0.327 0.329

Mean c.I>.(0.05) S.T*.
II, 2 or K - 0.0086
rp, ’1C or 0.0420 0.0150
H — 0.0122



of Ibt plan* (par oaatJTuan wloes

*1 *2 *5 *4 *5 *6

*1 0.3©8 0.337 0.332 0.321 0.342 0.292

*2 0.351 0.342 0.333 0.310 0.300 0.293
0.332 0.338 0.390 0.313 0.351 0.570

0.304 0.320 0-336 0.322 0.529 0.306

»2 0.368 0.332 0.323 0.524 0.330 0.35'vJ

*5 0.381 0.365 0.347 0 .-̂ 93 0.317 0.305

*1 0.358 O.36O 0.322 0.310 0.319 0.321
*2 0.346 0.323 0.342 0.301 0.315 0.323

*5 0.3*8 0.334 0.?A5 0,326 0.343 0.316

Heoa
(H) 0.351 0.339 0.336 0.5U 0.525 0.320

M ean

for tvo yoara

Mean k1 k2 s Pi *2 H

0.332 0.35G C.303 0.337 0.310 0.348 0.3a
0.322 0.318 0.326 0.325 0.316 0.323 0.32!

0.338 0.329 0.349 0.345 0.332 0.344 0.345
0.319 0.327 0.290 0.341 - - -
0.33b 0.539 0.331 0.345 - - -
0.335 0.533 0.355 0.320 - - ~f\j

sU
0.533 — — — — -
0.325 - - - - - -
0.335 — — — _ - •

0.331

(0.05) 3.E.
0.0105
0.0149
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iacr*“ *<1 wlttl in®reaBlDg lerela of P„0e and at 25, 50 and
cent respectively. 
the highest 
ilication of

0.330 per cent
rsspoatively.
Effect Of POtfLHalum

Different levelo of KgO did not aignifioently 
influence the Ca content of the herbage in the two years 
considered BeparQtoly or combined. The mean values recorded 
for two yearo for KgO application of 25# 50 and 75 kg/ha were 
0.333t 0.325 and 0.335 per cont reapectively•
Watrleant interaction

The interactions of II with p, N with K and P with K 
Wtro significant in the first year wliilo in the second year 
only that between P and K was significant.
Effoot of haryoot lntorvala

Different intcrvalo of hnrvoot ohowod no significant
influence on tha caloium oontant of tho herbage in both the

nlnas for tuo yanra. Tha moan vnluao for two yooro at 40,
45f 50< 55> 60 &oA 65 day lntorvalo war. 0.351, 0.339, 0.336, 
0.314, 0.325 and 0.320 par oant reapeotlvely.

'Thors vao"algnifloont dlfforonoo In tho mean

tt.rn.anMa oontant of tha l»rt»a. dnrln* th. two 
M  u d  thalr naan v * « «  ar. *l«n 1* T*bl"  51 *• b ■ *  •



5Ht). WtfmuU oC llfftui* Ifvala of ntetaita maA hmrrmmt &a% b- * 1  of tto plant (per o«t) In tho first your a 1

N  *2 **5 h4 *5 *0 IlotBl k1 k2 *5 Pi ®4 ».

■l 0.299 0.302 0.314 0.293 0.290 0.273 0.296 0.313 0.307 0.269 0.294 0.309 0.276

*2 0.322 0.303 0.335 0.321 0.313 O .304 0.31b 0.326 0.297 0.324 0.301 0.321 0.329
0.362 0.324 0.321 0.328 0.337 0.340 0.339 0.355 0.341 0.31B 0.349 0.336 0.329

*1 0.314 0.273 0.336 0.315 0.327 0.324 0.315 0.337 0.311 0.296 - - -
*2 0.346 0.349 0.31& 0.314 0.307 0.301 0.322 0.353 0.322 0.291 - - -
®3 0.340 U.305 0.31b 0.316 0.303 0.209 0.312 0.305 0.312 0.317 - - “To

*1 0.339 0.306 0.350 0.331 0.333 0.330 0.351 - - - - - _CO

*2 0.360 0.303 0.308 0.297 0.315 0.302 0.315 - - - - - -
*3 0.300 0.312 0.310 0.316 0.209 0.2-32 0.502 — — — — - •

Mean
(H)

0.333 0.309 0.323 0.315 0.313 0.305 0.316

ileon ".~ «( 0.05) S. T?.
T7f IJ or >: Q.3175 0.0071
rr?, ITK or VK 3.0305 0.0122
LI - 0.0100



M t e  JT(W - ifftil at iirrHfil Iffrvla at anlzlnta u A  b s m s l  latcmla on —  ginilw i t a t  at the plant (pear oont) in tha aaoond yaari 1981-82.

*1 *2 *5 h4 *5 *6 Mean k1 *2 *3 *1 *2 >3

*1 0.31a 0.274 0.309 0.288 0.305 0.207 0.297 0.290 0.329 0.264 0.309 0.303 0.279
*2 0.341 0.279 0.349 0.317 0.317 0.314 0.320 0.323 0.311 0.325 0.306 0.316 0.33S

0.368 0.350 0.336 0.303 0.327 0.311 0.333 0.309 0.339 0.352 0.342 0.332 0.326

*1 0.335 0.288 0.324 0.324 0.340 0.303 0.319 0.313 0.327 0.316 - - -
*2 0.341 0.312 0.345 0.309 0.305 0.290 0.317 0.317 0.331 0.303 - - -
»5 0.352 0.303 0.325 0.231 0.304 0.319 0.314 0.293 0.321 0.323 - - * ro
*1 0.352 0.236 0.311 0.233 0.314 0.306 0.310 - - - - - _  »£

*2 0.374 0.304 0.339 0.302 0.318 0.322 0.327 - - - - - -
0.301 0.313 0.344 0.323 0.317 0.205 0.314 — — — — — -

Mean(H) 0.342 0.301 0.331 0.304 0.316 0.304 0.317

I lean C.D.(0.05) S.E.
U, P or X 0.0171 0.0061
HP, in: or PIC 0.0420 0.0105
71 0.0242 0.0081



a*3tt Jf(•; . K M  d l f f m t  l m l s  of antriwla and haxrtat iatamla cm V m  naaaaal —af t — t of tha pi— t (par omt)i —  Tain—  for two jeara.

*1 *2 “3 h4 *5 *6 Mean k1 k2 »1 *2 *3

*1 0.309 0.266 0.312 0.293 0.296 0.200 0.297 0.305 0.310 0.267 0.312 0.300 0.271
*2 0.334 0.293 0.344 0.322 0.319 0.311 0.321 0.325 0.305 0.332 0.305 0.324 0.334

0.376 0.333 0.330 0.319 0.334 0.327 0.337 0.332 0.340 0.340 0.345 0.339 0.326
0.324 0.281 0.330 0.319 0.335 0.314 0.317 0.325 0.320 0.306 - - -

*2 0.343 0.335 0.336 0.317 0.311 0.301 0.325 0.335 0.327 0.312 - - -
*3 0.346 0.304 0.320 0.296 0.304 0.304 0.313 0.302 0.317 0.320 - -

~  ro

*1 0.345 0.296 0.331 0.310 0.324 0.313 0.321 - - - - - - 01

*2 0.367 0.306 0.324 0.300 0.31a 0.312 0.321 - - - - - -

s 0.306 0.317 0.331 0.325 0.300 0.230 0.315 — • — — •

Kaan(H) 0.340 0.306 0.329 0.311 0.317 o .306 0.316

Mean C.D.(0.05) S.E.
IT, ? or K 0.0121 0.0043
r?t iti: or fk 0.0210 0.0074

H 0.0171 0.0061



tttmfi Of altroMp

Mg oontent of the herbage use Influenced eigni- 
ficaatly *  different level* of N, it increased with 
increasing level, of N aai the maxing value was reoorded 
.t the hipest level of N in both the years. In the first
y M T * 921 thre® levels of n were significantly different, 
while in the .eoand year, IT at 50 and 75 kg/ha were on par
Bid both were significantly higher than 17 at 25 kg/ha. The 

values for two years showed similar trends as in the 
first year. The Mg content at 25, 50 ond 75 kg IT/ha were 
0.296 , 0.316 and 0.339 per cent respectively in the first 
year and 0.297, 0.320 end 0.333 PGr cent respectively in 
the second year.
Effeot of rhoa^horua

Different levels of Po0- showed no significant effect
Cm ^

on tho Mg oontent of tho harbago. The valuae obtained at 
25 , 50 end 73 kg Po05/hn in tho first yoar vora 0.315, 0.322 
mrA 0.312 per oent rnopootivoly nnd the oorrospordinc 
figures for the second yoar woro 0.319, 0.317 ond 0.3U par
oent.
Effeot of potassljjB

Different Xnr.1. of KgO did not Influence elcnlfi- 
eently th. Mg oontont of th. herbage. The valuee obtained
M  25. 50 end 75 *g K20/hn In th. flr.t year were 0.531,

— it t.A»neotively *od the oorreBponding 0.J19 Mid 0.502 per oent reepeo.xT. or ^
4 were 0.310, 0,327 «nd 0.3Uflgnm. for th. eeoond year were u.;> ,

2 i >6
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par ta rt

Tbm interaction between N and K was aignifleant in 
both the years and in the mean value for the two years. The 
■axiom value was recorded by in the first year and by
tt3^3 ^  Bee ond year and in the mean value for two years.

The interaction of N with P was significant in the 
value for two yearn and the highest value was recorded 

hy xijP-,-
Effect of harvest intervale

The Mg content of the herbage v/ao not influenced 
with different interval□ of hcrvoot in tho first yoar. The 
highest value was recorded with 40 day interval (0.333 per 
cent) end tho lowest value by o5 day interval (0.305 per 
oent) •

In tho second year and in the moan value for tho two 
years, Mg content wno influenced significantly with different 
intervals of harvest. Tho highest value in tho second year

AO dav intervalo (0.342 por oont). The
leweet value was recorded with 65 day intervale (.0.304 per 
amt) and It woa alcninoantly fllffnront from 40 day interval. 
In tha naan value for tha two yearn oloo ulmllscr renulta
wars obtained.

harbageini Wfc " '
_ - - P r and n ara praaantad in Tablaafarant lava la of FT#

38 t, b ani 6



SWhie 9 K a J . mttrnm* of diffamtby tha plant (kg/ha) nlVmpai vptakt

*1 *2 *3 h4 *5 *b Moon *1 k2 *3 *2 ®3
*1 43.5 46.3 43.3 57.3 45 .1 60.3 50.1 4U.5 47.9 54.1 43.3 53.4 53.8
“2 48.2 53.2 54.2 62.0 52.2 72.6 57.1 56.6 56.2 53.4 53.5 56*3 61.4

*3 50.7 54.9 45 .9 51.6 51.0 68. 8 54.0 54.9 53.3 53.1 51.0 53.2 56.9
41.5 47.0 47.5 55.4 43.6 61.6 49.4 50.1 48.6 49.9 - - -

*2 48.6 49.5 47.7 55.2 53.4 71.4 54.3 52.3 53.1 57.5 _

*3 52.3 57.9 53.1 60.3 51.0 63.8 57.4 57.7 56.2 53.2 - -
fO

~ co
*1 50.3 5 3.0 43.3 55.7 50.2 65 .6 53.4 - - - - - -

44.7 43.7 43.9 57.4 43.G 67.2 52.6 - - - - - -
*3 47.4 55.3 51.2 57.0 50.1 69.1 55.2 — — - — — -

Mem(H) 47.5 51.5 49.5 57.0 49.7 b? .3 53.7

Mean C.D.(0.Q5) S.E,
;t# p or K 3.22 1.14
H 4.55 1.62



M l *  yg<h) . m e t  of* dirfaroatfegr tho plant (kg/ha)

**1 **2 *5  h4

1 69.3 31.1 74.8 33.1

*2 69.0 70.3 77.5 96.2

*2 77.6 83.2 60.5 o6.2

h 68.4 80.8 76.4 87.1
»2 69.4 76.4 76.6 ob.4
*3 70.2 85.5 79.8 97.5

*1 75.6 73.9 63.4 76 .0
*2 71.1 84.8 76.9 94.9
*3 69.2 34.0 37.6 99.6

Moan 72.0 80,9 77.^ 90.2(H)

oval* or natrla&la and b a m a t  in tho Moood ycari 1961*82.

hj hg Mean k^

o7.u 99v2 83.4 76.2
90.4 120.5 ckJ.Y 77.5
103.3 116.1 91 .2 09.5

34.9 113.7 o5.2 81.9
100.5 117.2 87.3 70.7
95.9 104.3 90.5 02.5

90.4 101.3 61.0 -

O' )  il J  *0 a * > 120.1 ^0.0 «
OR  r 113.7 9 2 . 1 _

93.0 111.9 67,0

ILian C.D.(0.05)

ITf ? or K 5-90
TLr, :"K or IT 10.21

?.I 0.34

intorval* an bIi m i *  nptotoa

k2 k? p1 ^  ^3

93.9 00.0 70.0 81.4 90.7
d6.7 101.0 07.0 90.9 86.1
09.5 94.5 90.6 91.0 92.0
06.8 84.9 - - -
66.5 90.0 - - ro
94.9 93.3 — — “ c3
- - - - -
- - * - -

— * — •

S.E.
2.90
3.63
2.96



I
Trtli 3Z(o;. STTeo* or dirrBNal iarola of nutjrlanta and harvest inUrvala an a l i n m  trotak*kgr tha plant (kg/ha) a pooled data for two ̂ oara.

*1 *2 *5 h4 % *6 Moan k1 k2 *3 Pi *2 P3

*1 112.8 127.5 123.1 145.4 132.1 150.4 133.2 124.7 1-1.3 133.8 120.9 154.8 143.9

“2 117.3 131.5 131.6 158.2 142.6 193.1 145 .7 134.1 142.9 160.2 140.5 147.2 149*5
129.4 1*6.2 125 0 137.3 155.0 104.9 145.1 144.4 143.3 147.6 143.0 144.0 148.5

110.9 127.3 123.3 H2.5 120.3 175.2 134.8 132.0 137.9 134.4 - - -

»2 113.0 125.9 124.3 141.4 153.8 185.6 142.0 131.0 139.6 155.6 - - -

*5 130.5 143.4 131.3 157.5 147.6 172.5 147.2 140.2 150.0 151.6 - - fO-
O

*1 125.9 123.9 116.6 131.7 140.6 167.5 134.4 - - - - -

*2 117 .0 133-5 124.7 152.3 141 .2 10 6 .2 142.5 - - - - - -

*5 116.6 139.8 133.6 157.4 147.9 102.6 147-2 — — — — -

Mean
(3)

119.8 132.4 126.6 147.1 143.2 170.0 141.3

llcon C .7>.(Q.Q5) S.E.
II, P or K 7-65 2.79
IIP, 171 or rE 13*59 4*64
II 11.10 3-94
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iffreV Pf 

Tbm nptaks of I was influenced significantly by 
different levels of N in both tha years. In the first year, 
ths uaxlmm uptake of 57.1 kg/ha was recorded with 50 kg 
I/ha and it was on par with 75 kg N/ha (54.0 kg/ha). Both 
of thorn were significantly superior to 25 kg N/ha (50.1 
kg/bn).

In the second year the maximum uptake of 91.2 kg/ha 
was recorded with 75 kg N/ha and there wao no significant 
difference between tho II troatnonto of 50 and 75 kg/ha. The 
lowest value of 63.4 kg/ha uaa recorded with 25 kg N/ha 
and it vna on par with 50 kg N/ha.

In tho total uptake for two ynoro, there woo no 

Significant difference bctwoan 50 and 75 kg N/ha and both 

of them were significantly higher than 25 kg N/ha.

gffsot of phosphorus
IncrcaoG in the levelo of from 25 to 75 kg/ha

significantly inoroaocd tho N uptoko in the firat year. The 

higha.b uptnk. (57.4 kg/to) woo obtnlned with 75 kg V^/ha. 
«od It w m  on par with 50 kg P ^/ha (54.3 kg/ha). Doth of 
tbm ww. .lgnlflowitly higher than the lowo.t lorol of

PjO- (49.4 kg/Ha).
In th. a.oand J**r. tha dlffarooo In the uptake of

■ for dlff«r«t m a l a  *2°5 n<rt al«fllflQant- But u
w U h  lnor.«lng 1 -rel. of P20g o d  th. uptek. 

7 . m  r  O -A i. war. 05.2 ,  87.8  and recorded at 25§ 50 a ®  i* *• 2 5



90.5 kg/ha

total uptake fop the two years was significantly 
Inoreaaed with increasing levels of P ^ .  The highest 
uptake was recorded with 75 kg P ^ / h a  (1 4 7 .2 kg/ha) « d  it
vaa an par with 50 kg p20^/ha (142.0 kg/ha) and significantly 
superior to 25 kg P ^ / h a  (15 4 .0 kg/ha).
Sffeot Of POtnnnlrm

The in-lucnc3 of potassium on the uptake of II was 
not significant in ths first year. The II uptake at 25• 50 

azad 75 kg KgO/ha uoro 53.4* 52.6 end 55.2 kg/ho respectively.

In tho second year tho uptake of II incroascd signi
ficantly with increase in tho levels of K̂ O. The highest 
uptake of 32.1 kg/hc. uas recorded for at 75 kg/na ond 

it was on per yith 1̂ 0 at 50 kg/ha (30*0 kg/ha) ana both of 
then were signif1cantly higher than 25 kg KgO/ho. (01. 0  kg/ha). 

The effect of Kg 3 was significant on the total uptcko also 

and tho racrilta obtained wero similar to those obtained in

the seoand year. 
gBtg&flafr ifitoraotiona

The intoraotlon botwoon II and h was significant in
th. .soond yoar M d  In tha total uptnko lor two yaorn and

th. hlgh.ert vain, wa. roaorUad by n ^ .  In both tho yaoro.

tff.at of h y rerrt interrftjJ 
Th.ra m  ■iffiiflo** difference In tho uptake of H

with lniwvnla of harvort. Th. _ > ! » *  upfk. wa.
with 65 d-y i a * " —  —  -l^fto-nti,

212
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bl&ert h *  a U  other   .___  ,6atment a la both the years and in
the total yield for tha two years. The lowest value was
obtained with 40 day ^tervals. The uptake of N with
different intervals of harvest varied from 47.5 to 67.3

kg/ha in the flrat year and fPOm 72.0 to 111.9 kg/ha In the 
socond year.
IF-ptê 8 of rhocvhom^

’She data relating to ? uptake aa Influenced by tho 
different treatments are presented in Tables 33 a, b and c. 
Effect of r-ltrô eri

iTaosphorus uptake was 0i£iilficanfcly influenced with 
different levels of T in tho first yoar. The uptake of 
PgO- increased as the levelo of li Increraed iron 25 to 50 
kg/ha end cm further inci'onne to 75 k c/I in it docrof,.o:-d. The 
naxlQUD apt ike of 7.7 kg/ha v;ro recordcd with 50 kr/T/ha, 
but there *rs is oipnifiocnfc difforonon bob .eon 50 and 25 

kg N/hn (7.3 k p / W ) . The uptake of 1; at 75 kc Ij/lm (0.9 

kg/ha) was cltfilTloantly lowar than that at 50 kg N/hn.
Thora vno no significant diffcrcnao in tho uptnko 

rsoord^l In th* oaoand year and In tho total ux tnko Tor the 
two yoar*. Tha valuoa obtolnol with 50 nnrt 75 hi; N/ha 
la th* oaoond year worn 11.6, 11.5 and 12.2 kg/ha
rsspsotivoly •

Pho.phornn uptake Inoraeeed .IgnmoenUy with

lxusrsnss



Tlrtla 53(a). Kffaot of dJLffarant laaala of naVrluta and h a m a t  iatamla an. tiwdhnranuptake tor tho plant (kg/ha) In tha fir art year a 1900-81.

*1 *2 *3 hc4 “5 *6 Mean k1 k2 S »i >2 *3

“1 6.3 7.1 7.7 3.3 0.5 7.7 7.3 7.0 7.3 7.0 5.5 8.0 8.2
“2 6.2 6.9 7.6 7.6 7.1 10.7 7.7 7.4 7.0 3.7 6.8 8.4 8.Q
*5 6.1 7,2 6.2 7.0 6.5 8.3 6.9 6.8 7.0 6.8 6.5 6.5 7.7

5.0 6.1 6.3 7.2 5.6 7.3 6.3 5.5 6.7 6.5 - - -
*2 6.2 7.7 7.1 7.0 7.1 10.7 7.6 7.2 7.5 8.2 - - -
*5 7.3 7.5 6.1 S.b 7.5 3.7 3.0 3.5 7.0 8.3 - - •  TO

*1 6.3 6.7 6.6 7.4 5.3 3.3 7.1 - - - - -
*2 5.7 6.4 6.8 7.7 6.7 3.2 7.1 - - - - - -

6.5 8.2 3.1 7.6 6.7 3.7 7.7 — — — - - -

Mean(H) 6.2 7.1 7.2 7.6 6.7 3.9 7.3

.lean C.3.(0.05) S.E.
IT, x? or K o.54 0.19
HI-, "/ or 0.94 0.33
:i 0.77 0.27
rn.t rll or '2' 1 .33 0.47



*

Cabin 35(fc). Kffao* of different lovolo of nutrleati and taaarraat L a t n m l a  cm, BhoatiMxroauptake hy Um> plant (kg/ha) in tJie second yaart 1961*82.

*1 *2 *4 *5 *6 Moan k1 k2 »1 *2 *3

“l 10 .-5 12.3 10.7 10.6 11.7 14.0 11.6 11.0 11.6 12.2 10.7 11.4 12.7
8.9 10.4 10.3 13.0 11.2 15.3 11.5 11.0 9.9 13.0 9.9 12.8 11.9
9.9 11.6 10.8 12.3 12.6 15.8 12.2 13.2 11.5 11.8 10.0 12.2 13.4
3.3 10.4 9.6 19.7 10.1 1 J 13.5 19.4 10.3 10.3 - - -

*2 9.5 11.3 19.3 11.9 13.4 15 .9 12.1 12.4 11.4 12.7 - - -
»5
*1

11.3
10.5

12.6

11.5
11.4 

19.3
13.4
11 .1

12.1
12.3

15.9 

15 .7
12.7
12.0

13.1 11.3 13.6 * • ro — >— cn

*2 9.4 11.1 -J *o 19,1 11 .3 14.6 11.0 - - - - • -
*3 9.3 11.7 12.7 14.1 11.6 14 .7 12.4 — — — - - -

Mean(H) 9.7 11.4 10.6 12.0 11.3 15.0 11.0

Hecn
” - > •t -
*- f 1

or
"2 or rX

2.D.(0.05) 
1.01 
1.74 
1.42

S.E.
0.36
0.62
0.51



Tafcla 53( o) .  S ffM t o f d i f f a m t  l m l a  o f no lrleata  and harreat ln ttn ra la  cm. fteoaphAraauptake Iqt the plant, (kg/ha) pooled data for two years.

*2 *3 h4 *■6 Mean k1 *2 Pi P2 I

‘H 1o.o 19.5 13.6 18.7 18.2 DO O 19.0 10.0 10.9 20.0 16.2 19.a 21
"2 15.1 17.5 13.0 20. o 18.4 2o. 1 19.3 19.2 16.9 21.0 16.0 21.2 19

16.0 13.7 17.0 19.5 19.1 25 .0 1 3.2 20.0 10.9 10.6 17.0 18.7 21.

*1 15.3 16 ,b 15.9 17.9 15.7 22.2 16.9 16.0 17.4 17.4 - - -
*2 15.3 19.0 17.9 13.3 20.5 27.2 19.9 19.6 18.9 21.1 - - -
*5 13.6 20.1 19.5 22.0 19.6 24.0 20.6 21.6 18.3 21.9 - - - lj.
*1 16.7 13.1 16.9 13.8 19.2 24.7 19.1 - - - - - c

*2 15.2 17.5 15.7 18.0 13.5 24.7 13.2 - - - - - -
*5 15.3 20.1 20.7 21.9 13.5 24.0 20.1 — — — — - -

Mean(H) 15.9 18.6 17.3 19.6 13.6 24-5 19.1

I lean C.D .(0.05) S.E.
r-<‘ 9 - or K 1.57 0.49

*7 - 7'1j - 1 1il’i or jl-Z 2.36 0.04
•11 1.95 0.69
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M a n  value fop two years, AppUoation of P£05 at 75 kg/ha 
reoorded the maxlmm uptake sod it vae algnifioantly higher 
tban that at 25 kg/ha. There was no significant difference 
between 50 and 75 kg PgO^/ha in either year or in the total

years elIqo • The uptake of P with ^2^5 
25# 50 and 75 kg/ha wore 6.3# 7.6 and 6 . 0 kg/ha in the
first year and 10.5# 12.1 and 12.7 kg/ha roepeotivoly in 
the second year.
Effeot Of potnnainm

I'otaoolun oignifioontly influenced the uptake of i'. 
The highsot level of K^O (75 kg/ha) recorded the naxi'aum 
uptake of in both tho yearo. The voluoo recorded at 25# 
50 ond 75 kg K^O/ha in tho firot year ucro 7.1, 7.1 and 7.7 
kg/ha respectively and the corresponding figurau for tho 
second year ware 12.0# 11.0 and 12.4 kg/?,1-..
Iftrtrlent intemctlonq

The interaction botuoon n and J' uaa oigniflcnnt in
the finrt year and tho naxlnun uptake wno recorded by i^Po* 
The interaction botv/can H and K wno oignifioant in tho 
..aond year oe well aa 1" the pooled data for tho two 
y.ar.. In tho pooled data for two yooro moxlnum uptoko

v u  r«aort.d by
EffMt Of hMTTO.t lntOggSiJ

aptau Of * lnor.noe0 with Inoroalng lntorv.1. of
h ^ e r t  th. high..* upt*. « -  « o o rt.d with 05 day
lntorral. It —  I B * " 0*"*1* •ttp*rl0r 40 ^
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intervale in both tha .y are and in tha total uptake fop
two jeare aleo. The lowest Vai™.-wweat value was recorded with 40 day
intervals in both the years. The uptake of P with different 
intervale of harvest ranged from 6.2 to 8.9 kg/ha ond from
9.7 to 15.0 kg/ha in the first and aeoond year respectively.

^  nutrients with harvoat Intervale 
Harvest intervals interacted significantly with 

levels of P in tho first year. Out of different conblnationa 
of harvest intervnlo with lovola of Pf Pg*^ recorded nasinrum 
uptake of P.

Harvest intervals interacted oi^jiificcmtly wit', 
levels of TT oloo in tho first year. Out of the different 
combinations of harvest intervals with levels of M, 
recorded tho naxluun uptake of P.
Uptake of ootasolun

Tho data rolatln^ to tho uptake of potassium for the
differant troatnonts aro presented in fablo 34 a, b and o. 
Effeot of nltroKgi

Different lovolo of n influenced tho uptake of K 
•lgalttoantly only in tho flrat yaor. The moxlnun uptoko 
w m  reoorded with 50 kC R/hn and it woo alGnirionntly hlehor 
than th. othar level, and there woe no dlfforonoo between
th. uptake .t 75 and 25 kg "/ha. ^  « -  B * ° onA *onr

 ̂ tuo years there was no significantin the total uptake for w o
—  * levels of K. The uptake of K at dlffaranoa with dlffarant lavaxa oi

_ .._____   afi.«s. 109.* and 93.9 kg/ha In



'
Tmhlm 54(a) • KCfaot of dltfmit l m l a  of nxitrl onto and b a m a t  latamla oa tta nntMaLmuptake toy tha plan* (kg/lia) in tha firat yaa#i 1900-81.

*1 *2 *5 h4 *5 *6 Mean k1 k2 S *2 *5
1

*1 84.2 95 .a 95.4 111.2 76.5 115.3 96.5 95.0 95.8 102.6 82*5 102,3 104.6
®2 103.1 110.1 105.6 111.6 04.4 151.2 109.4 97.1 106.4 125.3 96.9 113.1 118,8

84.5 99.5 75.7 107.2 37.1 109.2 95.9 94.2 97.4 90.1 96.3 79.0 106,4
76.4 100.1 86.4 105 .7 74.2 108.5 91.9 84.1 96.4 95.2 - - -

*2 86.9 96.9 88.0 104.9 90.9 121.2 98.1 90.2 95.8 108.4 - - -

»5 108.6 188.9 102.6 120.0 92.3 126.4 109.9 109.9 105.5 114.4 - - ~rv)>—
*1 96.5 95.2 35.5 97.4 78.9 113.9 94.7 - - - - - JLD

*2 80.1 97.2 94.4 118.2 37.0 113.4 99.2 - - - - - -

s 95.3 114.9 99.3 114.4 92.0 118.0 106.0 — — — — —

H e m a 90.6 101.3 92.4 110.0 36.0 118.7 99.9
(H)

Moon C.D.(0.05) s.E.
I

IT, P or ■»

h. 3.46 5.00

UP, me or PIC 14.65 5 .21

II 12.00 4.25



fall ■ • 1 C M  of diffopart lovolo of mzUrlfuts and h i m r t  intwmla aa v o U n l w  wnUkotor tba ploDt (kg/ho) In the saoond yaari 1961-82.

*1 *2 *3 h4 *5 *6 Mean k1 *2 *3 *1 *2 *3

*i 136.2 151.4 119.1 151.7 149.9 192.0 150.1 135.3 154.0 161.2 H3.0 142.4 164.7
*2 127.7 128.3 152.3 161.2 153.6 197.5 153.6 129.5 155.5 176.0 139.3 176.2 145.3

142.8 154.0 133.8 148.2 157.6 133.0 153.4 148.6 149.5 162.1 156.1 146.1 157.9
127.3 154.3 138.2 140.0 141 .8 175.3 146.2 137.1 138.9 162.4 - - -

»2 131.5 135.0 H0.3 153.9 164.9 204.0 154.9 124.9 165.8 174.0 - - -
»3 143.0 144.8 127.2 167.3 154.7 193.9 156.0 151.9 154.0 162.7 - - “ no
*1 140.7 142.0 112.5 127.9 140.7 162.Q 137.6 - - - - - no - 0

125.9 139.4 133.3 151.2 167.3 199.8 152.9 - - - - - -s 140.1 152.7 159.3 162.0 153.3 210.7 166.4 — — — — — —

Kean(H) 135.6 144.7 135.2 153.7 153.7 191.1 152.3

Mean C.D.(0.05) S.E.
! •  *»' |J 9 X 1Dr K 16.70 5.93
H 23.62 8.39



Tahla 54(e). KfYmcrt o f diffawnt l m l e  or nulrlmta and h a m a t  lntarrale on tha potaaaluptake bp tha pleat (k&/ha)» pooled data for two yaara.

*1 *2 *5 h4 *5 *6 Mean k1 k2 *3 Pi *9

*1 219. a 247.0 214.5 263k 0 229.6 307.8 246.9 228.2 249.2 263.4 225.5 246.3 269.1

=2 230.0 233.8 260.1 275.3 243.1 328.5 263.4 226.6 263.0 301.3 236.2 287.6 265.6

“5 221A 253.5 209.4 255 .4 244.9 292.9 247.3 242.7 246.8 252.3 252.4 225.1 264.5

Pi 203-7 253.6 226.1 248.4 216.0 203.9 233.6 221.2 235.3 257.6 - - -
*2 218.4 231-8 228.3 258.C 257.0 325.1 253-0 214-5 263.2 232.4 - - -

256.6 254.1 229-7 207.3 248-5 320.2 266.0 261.3 260.7 277.0 - - _ ro1 .
*1 237-2 235.3 196.1 225 -5 219.6 231.0 232.6 - - - - -
*2 205.5 236.6 228.2 272.4 257-6 313.2 253-0 - - - - - -

*3 235.4 267.6 259.8 296.4 245 0 329.4 272.6 — — — - — -

Moan
(H) 226.0 246.5 228.0

11
ro cn • ( 240.8 309.0 252.6

• 01 Aean c .1>.(0.05) 3.E,
IT, 2  or K 17-47 6.21
!7?f ”K 1Dr yii 30.27 10.77
H 24.71 0.78
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tbs first year and 150 1 iK, c'53*6 and 153.4 kg/ha in the
aeoond year.
Effect of Phoa-nhorng

Differait levels of PgO^ allowed significant difference 
on the uptake of K in the first year and on the total value 
for the two years. In the flrot year, PgO*- at 75 kg/ha 
recorded the highest value and it wqb significantly higher 
than the other two levels. In tho aeoond yoar oloo the 
Baslnm uptake woo recorded with PgO5 at 75 kg/ha, though
the difference duo to different levela of Po0c: wore not2 5
significant.

The naxiLiun uptake for tho two year3 wau also 
recorded with 75 kg ^O^/lia (26u.0/lia) and it uoa oignifi- 
oan&ly higher than 2^5 ^  kg/ha. Thare was no aignifl-
oant difference be tween * ^ 5  ^  oru* ^  kg/ha botv:eon
50 and 25 kg/ha. The uptake of K a t 25» 50 and 75 kg 
PjOg/ho woro 91.'J, 9U.1 ond 109.9 kc/hn rcsiicotlvoly In tho 
flrot yoar ond 1 4 6.2 , 154.9 and 156 .0 kj/ha roopoctlvcly In
the aoaond year.
Effeot of gotoopluP

Inoroooo In tho lovol of K20 fron 25 to 76 ke/ha
■lgnlfloantly lnoroaood tho K uptake In both tho y.aro
« d  th. total uptake for two y.aro. Tho hlgheot value vao
record^ with 75 *  * * / »  -  «* ^  “ith 25 *

In the flrat year K90 at 73Kg0/hs in both tha yaara. m  w  j 2
uv, r o it 50 kg/ha and significantlykg/ha m i o n p t f  with *20 3 w



2 2 3

highear than kg/ha — 4 QOUAVO 19 wro uuvouam
in cand year also, in the total uptake for two years
all the three levels were significantly different. The 

uptake of K with application of K,,o, at 25, 50 and 75 kg/ha 

W*rG 59.2 and 106.0 kg/ha reBpootively in the first
year and 137.8, 152.9 and 166.4 kg/ha respectively in the 
second year.
Hutrient lntoraotlonn

The Interaction between ’! and P waa significant in 
the first year and In tho total for two years. The naxinun 
uptake was recorded with in tha flrot year and with
“2*2 in the total for two years.
Sffeot of h r jr / e a t  i n t e r v a l s

Increase In the Intervale of imrvnoto inorcaoed tlio 
uptoko of end tho naxinun uptcko woo recorded with 65 day 
lnfcervala in both tho yoara. In the firat year it ucs 
significantly hl'pior than oil othor harvest treatments 
•xo.pt for tho 55 flay intorval. In tho oocand year ond 
in tot*-!- Tor two yooro It uao olanlfloantly ouporlor to
mother hnrvoot lntorvnlo. Tho uptoko of K with different
int.rvnln of harvoot rwfiod fron n6.0 to 110.7 kC/hn in the 

______ , „--  1W.J to 191.1 kfS/ho 1" *•>. oooond year

The re suite obtained in the uptake of oaloiun for
are presented in Tables 35 a, bdifferent trsatosnto ere pr«

end om



IWiTt 9 (a) « Kffaoft of dlffsmtby tha pint (kg/ha)

N  *2 *3 *4

*1 13.3 13.5 14.5 17.0

“2 14.0 14.5 16.0 15.2

*3 19.7 16.7 14.3 16.6

9.9 13.4 13.3 15.2

»2 20.4 13.3 13.3 15.5

*5 17.1 17.6 17.9 18.9

*1 14.5 15.3 13.9 16.2

*2 13.1 13.5 15.0 15.3

*5 19.9 15.0 16.7 13.0

Mean 15.3 14.9 15.2 16.5(H)
I loon

P- 9 x

areXm of nutrlanta and harvoatin the fir at years 1930-61 •

h^ Mean k^

13.9 17-6 15.3 15.8
14.3 20.5 15.7 15.3
16.6 22.5 17.9 15.3
13.0 17.9 13.9 1 3 . 8

15.0 21.6 16.9 15.5
16.0 20.7 18.0 17.2

14.7 13.4 15.5 -

14 -2 20.1 15.2 -
16.7 21.9 18.2

15.2 20.2 16.5

0.«i.C0,05) 
or K 2.28

3.22

lntarrala on. oalaina aptaka

k2 S  P1 ^  ^

14.3 16.0 12.5 16.7 16.6
14.5 17.5 14.3 15.9 17.0
17.1 21.0 14.9 10.1 20.4
12.6 15.4 - - -
14.6 20.7 - - -
18.4 10.5 - -

to
ro* • - »t»

- - - - -
— • — — —

s^.
0.81
1.15

i



It, hg ^  h4 ^  Hflan k^ ^  P~ ^

27.0 
25.3 
33.7

TWilt J 5 W . of dlffutnt larola of tmtxianta sad h a m i k  i n t a m l a  on
hj tlw plant (kg/ha) In tha second year> 1961—82.

*1 23.0 24.2 21.3 25.1 27.b 30 .3 25.3 26.5 23.4 25.9 23.0 25.6

“2 20.2 24.4 21.9 25.6 24.4 30.8 24.6 22.3 24.6 26.9 23.2 25.2

*3 22.9 24.1 23.8 27.1 53.2 45.5 29.4 29.2 27.9 31.2 24.9 29.7

*1 16.9 22.5 21.7 25.2 25.6 30.1 23.7 23.4 21.7 25.8 - -

®2 23.1 22.5 21.7 25.7 29.4 39.5 27.0 26.1 25.2 29.5 - -

®3 26.1 27.7 23.5 27.7 30.2 37.2 28.7 28.5 29.0 26.5 - -

*1 24.6 25.1 20.5 24.9 29.3 31.4 26.0 - - - - -
*2 20.0 22.9 20.9 24.5 26.9 36.6 25.4 - - - - -
*3 21.5 24.6 25.5 28.6 28.9 38.8 28.0 - - - - -

-fOreoi

M a m  22.0 24.2 22.3 26.0 28.4 35-5 26,4(H)



Ttfila 35Ct). ETTmat of dlffaraol levela of nutrients and htmalt Intervals on oelolim
hj tbs plant (kg/ha) a pooled data for two ytore.

h *2 *3 *4 S *6 Mean. ki k2 k5 *1 *2 *3

*1 36.9 38.2 36.2 42.9 41.5 46.0 40.6 •CM 37.7 41.9 35.3 42.9 43.9

“2 33.7 39.0 33.3 41.6 33.7 50.7 40 0 37.4 39.6 44.0 37.6 40.9 42.9

“3 42.6 41.6 33.6 43.7 48.9 67.9 47.2 44.6 45.1 52.2 39.3 47.8 94.2

27.0 35.9 35.6 40.4 37.6 43.0 37.4 36.4 34.3 41.2 - - -
®2 43.0 37.4 36.6 41.2 45.4 60.6 44.0 41.8 39.9 50.2 - - -

*3 43.3 45.3 41.9 46.6 46.2 58.0 47.0 45.7 48.2 47.1 - - - rorc
3Q.7 41.5 34.5 41.1 42.7 49.9 41.4 - - - - - 01

*2 33.1 36.9 36.4 40.4 41.2 56.3 40.8 - - - - - •
*3 41.4 40.7 42.2 46.7 45.3 59.3 46.0 — - — — — -

Mean(H) 37.7 39.7 37.7 42.7 43.1 55 .5 42.7

Mean C.D.(0.05) S.E.
1 £? or K 3.46 1 .23

II 4.90 1.74
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Tha highest uptake vae recorded with 75 kg n/ha In
firat year it was on par with 50 kg 

I/ha but aignif ioant ly superior to 25 kg N/ha. In the
■aoond year and in the total for two yearo application of 
^  ^  k g /h a  wbo significantly superior to the other two
levels* The uptake of Ca at 25« 50 and 75 kg N/ha were 
15*3* 15.7 and 17.9 kg/ha in tho first year and 25.3f 24.6 
and 29.4 kg/ha respectively in the second year.
Effect of nhosphoruq

Different levels of ^0̂ 5 also significantly influenced 
the uptake of Ca. The maxinun u take uao rocorded with 
^2^5 ^  kg/hc. It woe on par with 50 kg fgÔ /lia and
eignifioantly superior to 25 I^O^/ha in both the years.
The total uptake for two years also showed ldentiool results 
and tho values obtainod at 25» 50 and 75 kg P̂ Oj-Zlin were 
37.4 , 44.0 and 47.0 kg/ha roopeotivol.y.
Effect of botqaoljp

The influence of KgO uoo significant in tho firot 
ear. Application of KgO at 75 kg/ha recorded tho oaxiniun 
■In. of 10.2 kg/ha end It voo .lgnlfloontly hleJior than 
tjo.e at 25 « d  50 kg K20/ha. Though th. dlfforanoo. were 
rt aignifiouit in tha .aoond year th. mxlinuc. uptake wan 
.Oort* with 75 kg K20/ha. The total uptake for two y.or. 
Lm .howd .lgnlflo«t dlff.rmo. with dlff.r«,t level. 
f l . 0 « a 7 ) K » >  r . o o r d . 1  .lgnlfloantly hlgh.r value tha,



2 2 8

The values

at
•** 40.Q and 46.0 kg/ha

0f Ca waa influenced significantly by differ® 
Intervals of harvest. The hlghoet value was reoorded with 
)5 day interval and it was significantly superior to all 
>ther intervals of harvest in both tho years. In the first 
rear no definite trend was noticed in the uptake of Ca uith 
Increasing intervals of harvest, while in tho second year 
md in the total for two yoora the uptake increased almost 
Linearly uith increasing intervals. The values uith 
Ilff©rent intervals of harvost ranged from 14.9 to 20.2 
ig/hA in ths first year ond from 22.0 bo 55.3 kg/ha in ths 
lecand year.
interaction of nutrients with harvest intervals

Tho interaction botwaen II and II uao significant in 
;he second yoar and tho maximum uptake was rocordod by n-Jî
fptsko of Qflflftefiiig

Th© data relating to tho uptoko of hg influenced by
lifferent bneataenta aro prooantod in Tabloo 36 a, b and o.
Effect of nitrogen

The uptake of Mg was increased significantly with 
Lnareulng lavale of " In both th. yooro and In tha total
.pttic. for two y.o« *m>- uptolt8 M“  rooort*

, i« q ktc/ha) In the Tirol yoar and It<lth N at 50 kg/h* (19*» K8/
... ™  u- n/ha (15.7 kg/hm). Both th... war.



Tmblm * ) .  X ffto t  ot d i i t a m t  le v e la  ot n n tr ia a ta  and ha iv uaV ln t a M L a  oa laanaiL iuptaka Hy tbe plant (kg/ha) In tbe first yaari 1900-81.

*1 *2 *3 h4 % *6 Mean k1 k2 *3 *2 *5

*1 11.7 12.3 13.9 15.3 1 o ol-.lt. 17.0 13.9 14.5 13.Q 13.2 12.5 15.6 15*5
"2 12.7 14.2 16.3 15.3 15.1 21.2 15.9 16.3 14.4 17.0 14.4 16.6 16.7
*5 14.6 14.4 12.6 16.2 15.3 21.1 15.7 15.7 15.6 15.8 14.5 15.1 17.5

11.5 11.0 13.5 15.2 13.2 13.5 13.3 14.6 13.8 13.0 - - -
»2 13.7 15.4 14.0 15.9 15.0 20.9 15.8 15.7 15.0 16.5 - - -
*5 14.1 14.6 15.5 16.7 14.4 20.0 15.9 1b.2 15.0 16.5 - -

ro
ro- o*1 13.6 12.5 14.9 16.2 14.9 20.9 15.5 - - - - -

*2 13.2 13.3 13.3 15.2 13.9 13.7 14.6 - - - - - -

*5 12.2 15.6 «4.3 16.4 13.3 19-3 15.3 — — — — — —

H a m(2) 13.0 13.3 14.3 15.9 14.2 1J.8 13.1

Mggn C.D.(0.05) S.E.
:J or K 1.24 0.44

II 1.75 0.62



m i t  36(b) • Stfeo* of different lorrola of nutrloaU ond harvest intervale m  u n a i i
uptake by tho plant (kg/ha) In tho second ye art 1981-62.

*2 *3 h4 **5 *6 Moan k1 k2 *5 P1 P2

*1 19.1 19.5 20.2 22.2 2d .5 2 9.3 22.7 21.3 26.1 20.1 22.7 2 2.9 22.6
“2 20.3 19.2 23.2 26.1 26.5 3b .n 25 .4 24.5 24.0 27.0 23.2 25.6 27.4
*3 23.2 23.7 22. J 25.2 30.7 '36.6 27.0 25.4 26.1 29.5 25.8 26.1 29.2

13.6 20.3 21.1 24.3 26 .3 31.2 23.8 23-0 24.4 24.1 - - -
®2 19.9 20.3 22.8 23.5 27.9 34.3 24.3 23.2 25.2 26.1 - - -
»3 24-1 21.9 22.3 25.2 27.4 37.2 26.5 25 .5 2 6.6 27.2 - - “ ro
k1 23.0 19.0 19-2 21.3 27.7 33.0 23.9 - - - - -

CJ- 0
1

*2 21.3 21 .8 21.8 23.1 28.1 35 .5 25.4 - - - - - -
*5 17.3 21.7 25.2 29.1 2b.7 54.2 25.8 — — — — - —

Moan
(H)

20.9 20.8 22.1 24.5 27.5 34.3 25.0

I Icon n.n. (0.05) S.2.
!Tt P or i: 2.05 0.73
r.r, ini or x-K 3.55 1.26
II 2.90 1.03



TiwM t ?6(o) • SCftol of d l f f 6 icat lsralu of nutriontB and b m s s t  intorvuli op ssjgqss1.yi
uptake Ijy the plant (kg/ha) 1 pooled data for two years.

*1 *2 *3 h4 *5 Mean k1 k2 *3 P2 *3

“1 30.9 32.4 34.1 33.1 37.6 46.6 36.6 36.4 40.0 33.4 35.2 38.5 36.1
b2 33.0 33.5 39.5 42.0 41.6 57.9 41.3 40.0 33.4 44.7 37.6 42.2 44.1
*3 37.3 33.2 35.4 41.4 46.0 57.7 42.0 41.2 41.7 45.4 40.3 41.2 46.7

29.6 32.0 34.7 40.1 40.3 49.6 37.7 37.6 38.2 37.2 - - -
*2 33.7 35 .7 33.3 39.4 43.0 55.4 40.7 39.0 40.3 42.6 - - -
»3 38.5 36.5 37.6 41.9 42.1 57.2 42.3 41.7 41.5 43.7 - - - K3? -1
*1 36.6 31.6 34.0 37.6 42.7 54.3 39.5 - - - - -
*2 35.1 35.2 35.1 33.3 42.1 54.3 40.0 — - - - - -
*3 30.0 37.4 59 .3 45.6 40.6 53-7 41.2 — — — — — -

Mean(H) 33.9 34.7 36.3 40.5 41.6 54.1 40.2

Hecn C.P.(0.05) P.E.
IT, ? or K 2.G5 1.01
171-f UK or -K 4.94 1.76
n 4.03 1.43



2 3 2

to 25 *  H/ha (13.9 kg/ha). 
waa no algntfican^ difference between 50 and 

75 kg /ha in the aeoond year and in the total uptake for 
the two yeara also* Both of then were superior to 25 kg 
If/ha. The total uptake of Mg for two yearo at 25, 50 ond
75 kg n/ha were 36.6, 41 .3 qt& 42.Q kg/ha respectively. 
Effect of phoaphoniq

Different lovola of ^2^5 influenood tho uptake of Mg 
significantly • The highest value was reoorded with 75 kg
*2^5^® Qn^ ^  wao 011 1>ar u^th 50.0 kg PgO^/ha. The nindaun 
value waa obtained for ^2^5 at 5̂ kg/ha in both the years.
The total uptoko of Ilg for two years at 25, 50 and 75 kg 
PgO^/ha were 37.7, 40.7 ond 42.3 kg/ha rcspectivoly.
Effeot of potasoiua

Uptake of Mg uao not influencod by diffarant lovolo 
Of KgO. Tha total uptake for two years at 25, 50 and 75 
kg K«0/ha wore 33*5, 40.0 and 4 1 .2 kg/ha respectively•
Hutrlent lntoractlono

The lntorootlon of tl with K uao alcni.Tl.onnt In tho
100ond yoar ond In tho total uptake for two yooro. The
m.iman uptoko uao rooorded by n^k^#
Effeot of hnrreet^lnigEyTAa

The uptake of «g woe lnfluenoefl elgnlfloontly by
+ hnrvnat end the uptake inoreaaed different Intervale of horroet ena

line.,!* with inoreoeln# lnt.rv.1. of hnrv.et. The highert 
vein. reoorded for 65 dey l»t.r^ ve. elgnlfloantly higher



tha second year. 
Soil analyaio

Ths soil sample token from each plot after the oxperi—
nest were analysed for total IIt available P-Or. find available2 5
I20.
Total nltroma

Data related to the total nitrogen oontont of tiio ooil 
ere presented in Cable 57.

Application of different levelo of Vf ~ and K showed 
no significant influence in tho total II oontont of the ooil. 
Increasing levels of U recruited in an incre-se in tho f 
oontent of the ooil from 1755#4 issj/ha at 25 k<j I /l*a uo 
1742.6 kg, ha at 75 kg n/ha. fho N oontant of tho ooil did
not sho-j aiv  dofinlto trond with lnoronolns lovolo of 
or K„0 and tho vrxluon rooordcJ ot 25, 50 and 75 kc ^ O r/hn

€ m

1741.9 and 1757-9 kfi/ho«

T^.ua of 1654.1 kfi/*» W M  
and It waa on par with 55with 55 and 60 day intarrala and



57 - of dlfferanl lovola of nstrlaato and hKnreat inttrrala on tb* nitMMkoontonl of tbs soil oftor 'two y qbtb of tbo oxporinmt (kg/ha) •

N  *2 *3 h4 **5 Muon ki k2 *3 »1 P2 P,

“1 1792.6 1396.7 1325.0 1554.4 17.-> ■ .0  ̂ ^ *- irIU 1 > , J 1750.4 1oyj.4 1726.7 1765.6 1730.7 1690.9 1704.4
“2 1855.6 1762.2 1322.2 ljJO.O 1646.7 1 o'Ofi .0 1740.4 1723.9 1716.0 1776.9 1740.9 1686.7 1735.5
*3 173B.3 1775.6 1764.4 1 ‘668.9 1624.4 1633.5 1742.6 1795.4 17Q3.3 1671.1 1678.9 1307.6 1741.1

*1 1343.3 1737.3 1737.3 1570.0 I08I.1 1661.1 1758.5 169J.0 1760.0 1765.6 -

»2 1794.4 1765.6 1313.3 15:5.7 1627.8 1633.3 1751.1 1756.7 1713.3 1745.3 -

*>

*1

1770.9 1381.1 
1771.1 1306.7

1303.6
1363.3

1035.7 
1528.3

1712.2

1628.9

1547.3 
1637.6

1713.7
1755.7

1774.4 1732.2 1704.4 ro
CO 

-  >£»

*2 1882.2 1746.7 1771.1 1740.1 1653.5 1657.8 1741.9 - - - -

*3 1763.5 1381.1 1772.2 1634.4 1733.9 1636.7 1737.0 — — — -  -

Mean 1305.5 1311.5 (H)
1X4.1 i ^ r 7  ^ 

1 w u  | * u i r.rj~* ry 
I I J  • | 1664.1 1737.0

Mean C.D.(0.Q5) S.P.
7. P or K - 7.23

II 28.23 10.23
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liffiifieantly different from other shorter intervals of 
harvest*
Available

The data relating to the available P2C>5 oontent of 
the soil are presented in Table 3G.

The influence of different levels of H and KgO were 
not significant for the T’20̂  o out cat of the ooil. The 
valueQ recorded at 25, 50 and 75 kg ?T/ha uerc 51.60, 47.02 
and 51.46 kg/ha and the correct ending values for 25, 50 and
75 kg ITgO/lia. u-rc 46.03, 5 - .04 end 55.01 kg/ha. The 
available) ^2^5 content of the soil lucrer-ned uith increaoing 
lervala of ^2^5 D“  ̂kb'J kjirce 1 -vela wore oigiii'icantlj
different. The value a obtained at 25, 50 and 75 kg '^O^/ha 
vara 3 5 .2 0, 00 .7 ? nad 65.02 kg/ha respectively.

I7o significant difference via noticed for Luc 
oontent of tho ocil duo to different intervals of liexvcot. 
The value. varied froa 45.95 1^/ha at 05 day interviJ. to 
52.53 ki^im -t 40 '1 V  lntorvol.
Aval labia &o0 
_______________________

The data on available KgO oontont of tha aoll for
different treetmento are yrencntoU in table 35.

Different lovolo of n. r, K or U did not show any
*. r r . with regard to the K,0 oontent of■lpilfloent difference wim * t

* .  „li. n .  •“  1' " “  “  '
> » ■ «  »  «'•“  “  ” ’•* “ >



IWULt 58.  K C fM i of d lf fe r o o t  l o v t l i  of nutrloita and h a rrea t ia t a r r a la  cax tha w n  «*2^5 th® soil aft ax* two years of the experiment (kg/ha) •

*2 *5 h4 *5 *6 Mean k 1 k2 s Pi *3

*1 51.79 52.19 51.94 43.82 55.14 50.15 51.60 47.15 52,65 55.01 33.31 53.13 68.2c
*2 54.56 50.65 47.30 4-a: 04 -15.39 40.74 47.02 42.87 42.46 55.63 35.18 46.35 59.41
“5 50.87 47.67 57.57 51.39 53.61 46.97 51.46 48.25 55.01 51.09 37.01 49.90 67.47

55.99 35.34 41.17 56.14 35.22 31.42 35.20 35.52 96.00 34.12 - - -
*2 52.20 51.89 43 .94 46.12 51.55 47.11 49.79 42.5? 47.52 59.31 - - -
*3 70.82 65.24 65.72 51.67 57.37 59 .40 65.02 60.12 66.67 68.20 - - " no « •
*1 50.82 47.54 46.24 42.80 46.99 42.11 46.08 - - - - - • 0 3

*2 43.85 47.88 55.10 45.19 51.35 47.36 50.04 - - - - - -
*5 57.24 55.05 55.56 51 .yo 35.23 40.43 53.91 — — — — — -

M e m(3) 52.33 50.15 52.30 47.96 51.39 45.95 50.02

Ilann C.^.(0.05) S.E.
II, P or K G.662 2.368



Tlifcl i 59. Street of I L f f a m b  levels of nutrients ond harvest intervals an «ht available
MBktnt of the soil after two years of whs experiment (kg/ha) •

11, Iij hj h4 *5 *6 Mean k 1 k2 k3 P1 Pa P3

*1 197.12 195.96 197.34 136.64 211.76 211.41 199.96 196.96 138.52 212.48 179.20 211.40 209.20
“2 211.76 197.40 200.34 193.43 193.20 109.12 193.46 195.00 199.48 201.20 199.84 200.56 195.40
**5 201.0d 194.04 201.20 201.72 190.S3 174.12 193.64 139.36 192.40 199.28 195.40 186.88 198.64

*1 203.34 202.44 191.90 133.60 13S.12 173.60 191.46 135.64 192.16 195.52 - -

»2 210.0* 205.20 192.68 192.12 201.20 195.96 199.66 193.44 198.40 207.20 - -
*3 195.20 180.60 214.10 210.00 206.43 199.92 201.06 204.24 169.64 209.36 - fO
*1 191.30 191.12 204.04 192.56 193.64 183.60 194.46 - - - -

• « 
'J

*2 204.20 204.43 192.92 137.92 139.00 131 .92 193.40 - - - - -

*3 213.96 192.64 201.72 205.36 208.03 204.16 204.32 — — — — - —

Km b  203.36 19o.CS 139.54 195.24 (H) 193.60 191.52 197.41

Mean n.r.(0.05) c*  ̂0 • - •
Mf ? or K
H

— 3.549

5.019



firfl® 193<40 to 204. ̂52 iruA,.kg/ha respectively • The values due to
different intervals of harvest varied from 191.52 kg/ha at
®  ierval to 203.36 kg/ha at the lowest interval of
40 daya.

Path artel vale for yield of herbage oil and geraniol 
Yleld_of herbage rmri related oharaotors

Zable 40 (h) proaanta tlio correlation coefficients 
showing direct and ind^reot effecto in path analysis of 
yield of herbage q.q influenced by nuzibur of tillers (x~), 
height of the olant and length of influrooceiice (x^0«
the results of the ^abh analyulc are x̂ ivaantel uic.jt'cnabically 
in Pig. 3.
Table 40(ay. . . , indirect effects of yieldooaponantc on horbo. ;n yield

Nunbcr of I] r*r:
—9 
•.W-.
J

height ofLhe plnnt
::ii

Length of inflore- 
□ccnco
71

Total
corre
lation

*5 0.2057 0.1560 0.0042 0.3660

H 0.0537 o .Go ig 0.0176 0.6723
0.0417 0.5230 0,0202 0.5049

Heeidual affoot 0.2550
— --------— ------------ ----------------  ---- -------- ----- ■—

Th. undsrllnod flguro. « •  «>■ alr90t °ffoot*
Tho Duudcxxi dir.ot orreo* ™  •»"“  “*

hwba*. wn. through Might of tho Pl«» (0.6010). Th.



i-j.3. < ath dl&jrwi oUawlng herbaje yield *•
rolatcJ to yiolrj cooponcnto



F-|̂  3 . H C R B A Q K  VltLD R E L A T K D  TO VlfLD COMPOHK .

KTESIOUAL CTTECTO 25Qa
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correlation between the h«i*« .neight of the plant berbege
7 pep cent. The remaining 7 per cent waa aooountc
for as due to the indirect effeoto via tiller number and 
length of inflorescence. The correlation between tiller 
mmber and herbage yield waa 37 per cent of which 21 per oan1 

%n&8 contributed by the direct effects of tiller number and 
16 par cent by the indirect effect via height of plont.
Tha indirect effect through the length of inflorescence waa 
negligible. So too uao tho direct off net of the length of 
inflorescence (0.0202). However, the correlation betueen 
length of infloreocence ond herbage yield waa high (0.5o4lj)» 
This high degree of correlation con be noJuly attributed 
to the lndLr",''i '■'*’roct of length of infloreocence via height 
of the giant. Th indirect effect via tiller number (0.04) 
waa slightly -̂orc tlinn that due tn the direct effect of 
length of inflorewrmoe. ?hun fron the n̂uli nnnljoie it 
beoane vary nicer that height of plant io tho moot Important 
yield Attribute which Influenced dlroatly tho .yield of
herbage.

Tl.ld of oil and iS^tod_ohSHBiS£B
Table 40(b) presents tho oorrolotlon ooefflolontB 

.bowing direct ond Indirect effect. l» the path eruUyel. of
yield of oil a. Influenced b, herbage yield (*,). tiller.

. , tillers without lnflorosoenoe (t),with lnfloroeoenoe (xp* 11
, . . of lnfloreooenoe (x_).

height of plant (*<-) lms%n ' ,
. w the p*th snalyele ere preeaotedThe r.suite obtained fro* *“• v



fgb,la 40(b). and inxi __an oil yield JJMlreot effects of yield conponents

240
diagw natioally In ? ig . 4 .

Herbageyield Tillers
with
inflore-ocence

TillerswithoutInflorescence
*5

Heightof
plant

length of inflore
scence

*7

Totalcorrelation

*1 Q-.60,52 0.1104 -0.0134 0.1135 -0.0187 0.6347
*4 0.2324 0.2367 0.0351 0.1150 0.0217 0.6911
*5 0.0530 "*0.0553 -0.1504 -0.0270 -0.0075 -0.1664
*6 0.4069 0.1613 0.0241 0.1669 0.0279 0.7690

*7 0.3541 0.1606 0.0355 0.1469 0.0520 0.7293

Hooidual offeet 0.3026

The underlined fiipurea are the direot effects

Tho oauoc—effect relationship of oil yield with 
related ohoxnotoro io explained by tho path diagroo wherein 
It 1. BQ«n that 62 i/or cent of tho oil ylold lo nooounted 
by tha fnotora oonoldorod. Tho naxloun dlroot offoot on 
oil yl.ld woo through herba«o yield 0.6055, lto oorrolotlon
with oil yield being 0.0547- Th- ^ lroot tlller0
with lnfloreaoonoo, halght of tha plsnt ond l-ngth of 
lnfloroso.no.. .nhann.d th. oorr.latlon to 85 p~  e « t  though
. raduotlon of on. par c n t  - «  —  *  tlll.re without 
Ihfloraaoanoa. TlU.ro with lnfloro~.no. oontrlbutod 24 p«
_ ............................................................ w *  i t .  oorrolotlon with oil ylold wo.



Fig. 4* Path diogrua snowing oil yield as related
to yiold coupon*)ts
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69 P«r ont. tham apart fron herbage yield whloh la knot*
*° *** 4h* **^°r 0<mtrltratlne factor to total oil yield, one 
of the algnlfloent feetore Influencing oil yield appeared to 
be tlllara with lnfloreeoenoe. Thie effeet of tlllere with 
lafloreecenoe waa eeen to be a. e reeult of the Indirect 
contribution Tin herbage yield 28 per cent, height of the
plext 11 #5 per cent end also via tillers without inflorescence
end length of inflorescence ■ The diroot ond indirect
influence of number of tillers without inflorescence through
all factors except horba&o yield woo negative resulting in a
negative correlation of 0.1G64 which was found to be insigni-
fleant, Tho correlation of the height of the plant with oil
yield waa found to bs 7CJ per cent* though ito direct effect
w&s only 17 per cent. Tho naxioua indirect effect was via
barb age ylold and it woo 41 per ccntt tlllera with inf lore-
■canoe contributed 16 per cent indirectly while the o t h e r  two
factors together oontributed 5*1 per cent a

The direct influence of length of inflorescence vno 
negligible though elgnlfleant correlation of 0.7293 uaa 
obeerved. Thie vae due to cmxlaum lndlroot lnfluonoo via
herbage yield (0.3541) end lndlroot offooto via tllloro with

_  __ _ *-,1 height of the plant. Prom theend without lnfloreeoenoe ena nexgu
ia h, oboerved thet oil ylold waa mainly above reeulte It o o u l d  be oboervw

v The moat elgnlfloont directdependent upon herbage Sv
,a ...itat,. ere foaid to be In the deoreaalng effaote by yield ettrlbu

. . n i . n  with lnfloreeoenoe, height of pin
ardor of noeber of tin**



2 4 1

tillers with inflorescence (28 per cent), 
gegnlql yield and relnt.^ ^ - ^ ntrrn

Table 40 (c )presents the correlation coefficients 
showing direct and indirect effects in path analysis of 
yield of geraniol with related characters (Oil yield Xg» 
tillers with inflorescence x^, tillers without inflorescence

matter yield x^). The results of the path analysis are 
presented diagramatieally in Fig. 5.

The cause and effect relationship of geroniol yield 
with oil yield and other growth characters was explained 
about 76 per cent by path diagram. The maximum direct
effect waa brought about by oil yield (0.7849)* The corre- 
latlon of geraniol yield with oil yiold uao 0.9653. Thio
enhanced correlation woo accounted by the additional

x^t height of plant x^, length of inflorescence x^ and dry

influence of Indirect offooto via tho other faotoro. The 
correlation between tllloro with infloreooenoo and Ceronlol

(0.0427). The other faotorB
this correlation. The dlreot 
tillers without lnfloresoeno were negative, resulting in a



file 40(a) Direct and lndinot affaota of yield oaipaia&ta an gacranlol ylolA.

Oil yield Tillerswith
inflore
scence

Tillerswithout
inflore-
oc once

Height of
the plant Length ofinflore-

ooence
Dry matter yield Toteloorrela-

tiOB

*2 *4 *5 *6 *7 *9

*2 0.7S49 0.0295 0.0062 0.0568 0.0217 0.0861 0.9653
0.5425 0.0427 0.0077 0.0517 0.0202 0.0561 0.7030

*5 -0.1463 -0.0099 -O.O53I -0.-0074 -0.0070 -0.0148 -0.21 OB

*6 0.6194 0.0291 0.0055 0.0466 0.0259 0.07GO 0.8044 ro
*7 0.5725 0.0289 0.0073 0.0406 0.0298 0.0694 0.7492 to

*9 0.6975 0.0256 0.0051 0.0375 0.0213 0.0969 0.8840

Residual effect = 0.2439

?hfl naderliasd figures are the direct effeots



iig.5. L&th diagram showing geraniol yield 
related to yield components

\
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oanlitloB
el*> U »  w i t t  contribution “ “
.. oll v, .. taU®  W M  «Tough the indirect effectie oil yield, the correlate v_.
. between gereniol yield endheight was 0.8044 vhioh uae m.1 . 1 ,aainly due to the indirect effec 

of height of the plant a via oil y u u .  The direct effect 
of height wee very ^  0.0466. IhQ Qthar faotorQ ^
oontributed indirectly to inoreaee the correlation by 80 pej
OflCLte

I*—ngtn O- J-TLflorQaaoiico vino aloo fbund to bo signi
ficantly correlator with gcraniol yield (0.7492). The main 
0£32£Q of th±3 correlation uc.o duo to tlie indirect effect of 
the length of inflorescence via oil yield (0.5725). The 
direct effect of length of Inflorcocanoe ur.c coall 0.0298. 
Tibia along with tlio other indirect effect3 1/0.3 roe^ onsiblo 
for thla correlation. A oirilor recruit waa nloo oboerved 
for gomnlol yield and dry oat tor yield, the Liain contribu
tion boing the indirect effect via oil yield (O.G;75). 

n ^ n m h  continued for the tlilrd end fourth year 
'oct of different harvoot interval0 on iho_, herbage yl.old»
yield ond oil oô ntonj,

Tho pooled data for difforont lntarvolo of harvoot 
obtained in tho third and fourth yonr of the oxporlmant aro
pro■ anted in Table 41*

The data ohowed that the herbaco yield lnorooood
«l*o«t linearly from 40 to 60 dey interval. (60.76 t/hn)

. . __ , 1* -howed a elighl dooroaeen d  at 65 day interval# it ■nowHU ~
^  KI rr^amt oil yield vae aleo recorded at(57.10 t/ha). fhm high*** oxx *
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I

Table 41•
herbage yield,eJii\il?E7ea1l,in*b0377810 011 pooled data f J r 011 oontent i
<* naiu S a S S ^ S * *  “ d fmarth *»“

Harvest
intervals Herbageyield(t/ha)

Oil yield 
(kg/ba) Oil oontent on fre oiluei ght baaia (,*)

40 days 

45 days
4 7 . 9 7

5 4 . 5 5

1 0 7 . 5 0

1 5 2 . 7 9

0.248

0 . 2 7 0

50 days 5 5 . 7 2 1 4 9 . 6 3 0.298

55 days 5 3 . 5 4 1 4 1 . 5 3 0 . 2 9 3

60 days 60.76 186.92 0 .3 4 ;

65 days 57.10 180.49 0.351



I

60 day interval (iqk q3 . %
. . ^S/ha) followed by 65 daya (100

tg/b*). Tte oil oontant waa fm»w. * ._ . fo\nd to lnoreaae aa the
interval Inoreaaed upto 65 daya.

wider harvest intervali
:t_lntejrgfll<■ m  herhaffn ylald- 0ll vieid.

246

Ltlon trial -̂intn.l
ec

o: content

Tha data ooUeoted for tho different intervals of 
harvest on herbage yield* oil yield, oil content end goroniol 
yield are presented in Table 42 fa) and in fig.6.

The tmxinasn herbage and oil yields wore ĉorded at 
65 day interval and on .Further inoraaao in tho Intervalo of 
harvest the yield0 were found to dcoronas. The oil content 
waa found to increase u,,to > 0  dcye (0.412 gcr cent) end 
thereafter it decreased prognaaivaly aa the interval 
increased to 'iyj daya. Tho geraniol yield inciv-?" i upto 
05 day interval, but there uou only alight difference in 
the yiclda reoorded at 0 5 ,  T j  and b 5  day intorvrlr. Aa tho 
Interval increaoed above 05 daya tho geraniol yield
deoroaaod.

of hnryent ln^rvnlo on iJtfOic.o.-obcmlOjaaL^ ^ rUltS

The data relating to tho phyoioo-ohanicol proportloe 
of oil* for the different horvoot lntorvolo aro preoantod

in Table 42 (bi-
Tba apaoifio gravity of th. oil wo. found to deorons
, interval i n o r ^  W  5? (0.0090) to 105 day.

ro>. remained *thout <»*** “* 115 dByB " *
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fable 42(a) •

Harvest
intervals

55 days 31.29 64.20 0.301 56.80
65 days 35.91 115.62 0.360 84.40
75 days 33.76 114.10 0.360 04.00
65 days 29.93 110.12 0.412 04.50
95 days 27.40 93.U 0.302 77.10
105 days 24.50 00.33 O .366 67.10
115 days 24.04 Go .21 0.303 56.40
125 days 21 .23 57.00 0.301 47.40
135 days 10.63 45 .20 C.274 37.50

her1>«ge yleiff8???™?8?!6811 IJitopralB on eeranlol yinlfl ri_ j  ’ oil oontent andv baa el on the observation trial)

Herbage
(t/ha)

Oil yield (kg/ha) Oil content on fresh 
weightVin n 4 a

Geraniol
yield
(kg/ha)



If feat of different Intervals of harvest 
on herbage yield, oil yield, oil content 
and geraniol yield.
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55 days 0.8890 1 .4-693 ►1.7 1.3 4o 83.9 79.4 27.6 201.2 92.0 69.0 22.4 Tarpanlo
65 daja 0.3873 1.4705 ♦1.7 1 .3 5-5 69.5 or .0 23.1 276.4 91.1 73.c 10.3 • a
75 days G .884-1 1.4703 ♦1.3 1.8 4.0 64.3 60.3 21.1 273.3 90.3 73.6 16.7 99

85 days 0.3327 1.4710 ♦1.6 1.7 3-5 54.1 50.8 17.8 273.0 90.9 76.8 14.0 f t
95 days 0.37S0 1.4710 ♦1.6 1.7 3.0 35 .6 >2.8 11.5 272.4 91.4 02.8 9.0 Koaaoaons
105 days 0.S773 1.4701 ♦1.7 1.7 1.7 0-m wr ??•& 31 .9 11.2 272.9 92.2 03.5 8.9 t t
115 days 0.3770 1.4700 ♦ 1.6 1.6 1.4 29.2 27.G 9.7 274.1 92.7 05.2 7.5 99
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135 days 0.8790 1.4690 ♦1.7 1.6 2 . 0 36.7 34.4 1 2 . 0 273-5 92.0 82.7 9.4 • t
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tb«— W r  it .bowed a H * *  lnor,BBe<
Tho reft.oUTa index of oil waa found to in0reaGe M

«*■! increased from 55 (1 .469a) to 85 days (1 .4710) 
and remained without change at 95 days. The values
recordod at all the in+«T^„i. u. ^tervals higher than 95 clays showed a
slightly lower value•

Optical rotation of the oil remained without much 
abange an the horvoot lntorvnlo lnorooaed from 55 to 135 doye. 
The values for optiool rotation ranged from ♦1.6* to ♦1t8“ . 
Solubility oT oil in 70 por cent alcohol showed a tendency 
to increase with increase in the intervals of harvest upto
115 days.

Acid value of tho oil was found to decrease progressi
vely as tho interval increased upto 115 days (1.4) and it 
Showed a slight increase as tho harvest intervals increased 
further. Saponi float ion valuo, ester value and goronyl 
acetate content also showed similar trends. The values 
dsoraaoad as tho intorvalo of harvest incroased from 55 to 
115 days. At the harvest interval of 115 days tho values 
rsoordsd for eaponlflontlon vnluo and enter vnluo worn 23.2 
and 27.0 respeotlYsly • « «  acetate content nt thle Interval
W M  9.7 p «  oant. *• the Intervals lnoroaoed above 115 days,
tfa«M values .ho-rf a slight Inorsase. Saponification valu. 
tftsr aoetylatlon wa. found to d.eraas. upto 95 day.
(272.4) a»l thereafter It -hovad a slight Inorsa.a a. th.
t U T H t  lntarvals lnor»«d furtb“ >
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alC0h01 °alCUlated BPTBniol was aaxlnnn 
P«f ent) at 115 day a. But no definite trend either 

to increase or decrease were noticed with changes in the 
horrent intervals.

^ree alcohol content also increased progressively 
upto 115 days (05.2 por cent) and it showed a tendency to 
decrease as the intervals increased further.

uonbined alcohol decreased progressively as the 
interval increased upto 115 days (7*5 per oont) and it showed 
on increase as tho harvest interval increased further.

• ith regard to the odour of the oil, a sweet 
rosaceous odour was notioed for the oils obtained at inter
vals of 05 day□ and above. Th . oil obtained at lower 
intervals of harvest showed a torpenic note.

The data obtained for the physico-chemical properties 
of oil In this trial along with the data obtained in the 
main experiment for the first two years are presented in
Fig. 7 'xnd S’-

Ql m i  „nrmvl aontnto oontont of tho oil, dotorninod

obtainediau w w o  —---
M l t a  ahowad that tha geraniol oontant Inoraaaod ond

. « m _ 41% a I vi4>n'
gsrsnyl

.. 11«; d » v o . With fnrthar lnoroaoo inLnaraoaad from 55 to 115 aaya.
 n l  A m f m t  A a n i N i n a i r i

lottmia o: 
tha garanyl



f i f w l *  Effect of different intervale of harvest
on the physical properties of the oil.
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•• Effect of different intervals of harvest on 
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Tablo 42(c)* Effect of flif-pOT,, . .goranlol - - harveetoil (twp ^ + f efa?yl BOQ^ate content of tho
o b a e r ? S l  ?  C d  b y  0 1 0  ( b a a 2 d  0 1 1  t b

GT f 01 S S f iooetate
o

55 days 59.0 22.7
65 dojB 67.0 20.5
75 daya 70.4 14.0

05 daya 73.7 13.5

95 deya 76.2 12.0

105 days 79.6 10.4

115 daya OO.O 0.2

125 daya 74.9 9.1

155 daya 76.1 9.5
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» ■  8®«iol «
® C  .n^aia  ̂  aUght.
ohonlo«l nalyota.



DISCUSSION



DISCUS31OR

^  has thrown o on old erabla
11*it on the nutritional requirement, of palmaroaa grass and
the effect of graded levels of nutrients an the quantity and 
quality of oil at different harvest intervals during a 
cropping year* The stabilisation of the crop since planting 
take, about one year in view of vhioh the roaults for the 
fir at year ospeoially in tome of total yield ore generally 
lea. though the offoot of treatments can well be discerned 
in than. The i>ooled data for two years for many of the para— 
■.taro studied however, follow tho trend observed in the 
second year.

The results obtained from tho major oxperinenfc during 
the third and fourth year on herbage end oil yields and the 
rwulto obtained from the observational trial arc also
discussod•
Biometric o&yaoltorg.

Tho results obtoinod for vorlouo biometric ohoraotoro
individually

pnfaiiahud data O
However
,.14 .nrftmt.. Quality .ttrlbut.B h«r. b.«n ral.fa to

path «ialyai.

lobtf



2

significantly by di f f e r *  iixrarent levele 0f H, p j l  or I„o.
studies conducted at Iat?t n *  Gupta at al» (1978) report®
tha nnaber of tillers ,^oreoaed upto 80 kg n and Pp0
bat the tiller nimbar 0Der Georeased ae the levels of
increased fron 40 to 80 \rn> v  n ^wu ou icg KgO/ha. Poreek et al. (1981 a)
reported that the till or number increased with increase in 
the leVwls of FT upto 00 kg/ha, but there was no effect for P
and K application,

Different lntorvalo of harvest significantly influenced 
the total nunbor of tillers in both the years and tho Dean 
data for two years. Tho polnarosa cron when harvested normally 
gives forth fro all tillers fron the base. Tho hnrvcs ted stump 
of each tiller dries up unlike lenongraoo, where each harvested 
tillor further elongates to give herbage yield In subsequent 
harvest a . Thus in tho oaso of î alnarooa, fron tlie ^resent 
study, it lias bo bo understood that after each harvest fresh 
tillers are put forth end the number of fresh tillor put forth 
la vary nuoh dependant upon tho hnrvoot lntoxvol. Tho hlGhoot 
amber of till ora lo produood whan tho crop lo horvootod at 
55 day lntervola In both tho yonra. Ao tho Interval of 
horroat lnoronaed over 55 daye tho nunbor of tllloro dooronaed.

*Viiir®suits arc at mrianoo with ths Hovrevor, thos* rssuj.™
findings of F a n *  at al. (199' b> wh0 raportod that harvo.tlng 
tha orop at dlff.rant atage. via., vog.tatlve phaoo. oonn.no.-

nerlod with aoat flower open otnge,■ant of flowering, blow* pariuu
..rtlng atagea had not affaotad the

early Beading and lata



■dwaqtwrt tlliar nnBi)er- Than of tha

■t lcate that harvest interval of 55 days bae a stimu
latory effect cm subsequent tillering. Both lower and hlgier 
intervale ham a depressing effeot. This appears to be the 
raanlt of the ratoonlng habit of the orop 00 a result of 
which the plant trios to overcome the harvest Interference
with a further vegetative phaae.
Height of the plant

'Tho resulta of tho obudy have ohoun thab different 
levels of ri licvo not influenced significantly the height of 
tho plants in both the yoora. riclght of the planta decreased 
slightly with increjne in the levels of H revealed by tlia 
neon data for tuo years. iiilo the rcuulbs of Singh eb al.

arc generally in ugroamcntp tho do of Gupta ot al.
(1979) and Parook ot al. (1 a) are at varionoo uith the
results of tho prcoent otudy •

Lack of rooponoo to higher lcvolo of II especially in
tha plant height Indloatco hlglwr lovolo of avrUlnblo V. In 
■oil. Tho onalytloal data of tho nolle of tho oxporlmontal 
field ahow that they are fairly woll supplied with nvsllsble

N.
larale of Po0r lnorensed tho hoight Inoroooo in the 2 5

. a Mth the vaoro. The differonoe ie slgni- of the plants in both *no y
. and in the neon value for two yearn,fiosnt in the eooond yeer

 ̂ w  p„0- application at 75 lcg/hs Maximua height !■ raooidod W  *g 5
fleant inoreeee in the height of thein both ths yesrs.

2.̂ 5
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lnfirease In tha l m ilevels of PpO- has been reported
by Gupta et al. (iqvnv 3
flingh

application of ? 2 °5  • Such variation in results are indica
tive of differences in soil situations under which the 
experiments have been conducted. However, application of P 
ia known to increase root Growth and correspondingly the 
uptake of many other major on well as minor nutrient a 9 
resulting in cnhczioed porformance by tho plant in biometric 
parone t ora •

The re emit o indlcata that application of KgO at 50 

end 75 kg/ha linn olightly inorcnood tho hoi glib of the plants 
in both the years. But the difference io not ni.'jiif.Leant. 
Thin nay be attributed to a mo Jinn level of available V in 
the experiment J. moil, tfinilar results have been reported 
by Gupta et ca. (1370), fcrook ot al. (1961 a) and Jingh ot
al. (1931).

Tho lntoraotion botwnan H and f is significant in tho 
j H W t  study end tho anr.lnun height In both the years is 
r^ord^ try tho a,plication of II and V &  oaoh ot 75 kg/hn. 
fopta *  al. (1970) report* that tha plant height was

by ft balanced dose eooh of 00 kg H, and Ka0.
Piff .rant interval, of harvest have .ignlflosntly 

influanc.J the of the pl-nt. The -ximnm harve.t
W v *  tried via.. 0  «*■ > «  - ° rt,d * * “. ,llr «, ,1 . (1981 b) also reported that
la  both th. j.a rn . r a r « «  •»
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"®* proSre»«lTeljr lnoreaaed height of plant b
•igaificantly trxm vant A«

6® atlve phase to most flower open stage.
■illflorenoenew

Of the different levels of N, P and K tried, only the
hag influenced the length of infloreecenoe signi

ficantly .

Length of inflorescence appears to be increased with 
increasing levels of phosphorus In both the years. The 
maxi nun length io ro corded by 75 kg PgO^/ha. This result is 
no*fc in agreement with the findings of Gupta et al. (197vJ) who 
have reported that the length of infloroooonco increased only 
upto 40 kg N/ha and that P and K application had no signifi
cant effect on length of inflorescence, j areok ct al.
(19 0 1 a) ro ported that length of inflorescence increased with 
inoroase in tho levels of IT, PgO^ and K^O upto 40 kg/ha.

Gupta at al. (1970) reported that inoroase in plant 
height did not correspondingly incroaso tho langth of flower
ing shoota. On the oontrary a slight roduotion in the sico 
of the floral ahoote waa noticed In tailor plant. particu
larly In the autuan crop. However. In the prooent study 
application of P lnorsaaed the height of the planta as well 
M  the length of lnfloreaoanoe In both tho yeora. Phoaphorua 
1 . known to .tlnulat. - r l * . «  1“ nowerlng. reduce
protracted flowering 1 « « —  th“ °f n °W*ro
p«lol. in «ny — 1 «r— -  * *  °b- ™ lon °f

M b  of inflor.ao.no. und« pho.phoru. tre.in.nt.

■
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■ay au<5 to **“ 86 effects.
Different ^ ,erv&Ls of harvest influence significantly

tha length of infloresnm^ ,once. Tha length increased almost
linearly with increasing intervals of harvest. The maximum
length 1 b raoorded by the harvest treatment of 65 d a y  interval 
in both tha years. But Pareek et al. (1981 b) reported that
increase in age from commencement of flowering to late seeding
stage did not significantly influence the length of lmflore- 
soance •
Iftnber of tillers with inflorcocenoe

The results indicate lack of significant difference 
in the nnnber of tillers with inflorescence duo to different 
levels of TT application in both tho years.

Though tho effect of P io also non-significant in 
increasing the number of tillers with inflorescence during 
the first yoar, tho numbor of tillers at 50 and 75 kg P^/lia 
are fcrand to bo higher than that at 25 kg/lia. In the oeoona 
year ond In tho noon value for the two years the number of 
tillers with inflorescence increase significantly with 
lnor.M. in th. ImoIo of V f r  Tho offoot of phoophoruo
in lnoreMlng th. flavoring 1 . wall knoun.

Appllo.tlon of K20 ot fliffront lovolo hoo .loo not
of flowered tillers sigjiifionntly in influenced tha number or xxowoa

both tha years.
. of harvest have influenced eigni-Different lntervala 01 ^

^  a f  flowered tillars and, in general, the 
fioantly tha ncnab«* ot rA
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fl°Ver*d U U W  lacre»«e increase to the intervals of 
terrB*t * 51118 0bearTaU°* ia toUne with what could ho
oipoct since lnoreaae to the harvest interval ensures enough
ttoe for both vegetative growth of now tillers end putting 
forth of tha inflareaeanoo for  * _________
growth phaea. liaxlnua ntmbor of inflorQocenoe is recorded 
with tha harvoot Interval of 65 doyo whloh is on x̂ ar with the 
znmber Ox inflorcscGnaes for shorter harvest intervals of 
60 find jo doyo in both tho years. Pron this oboorvation it 
Ap£ti8T3 that 35 doyo would be sufficient for comx)letion of 
YBgotative growth end nearly1, 50 par cent flowering of the 
newly yut forth tillers, Do-owcon the two harvest intervals 
Of 55 Bed 65 days there lias boon no significant increase in 
tho percentage cf flowcrod tillers. The laroentage of billers 
with inflorescence recorded at 53, 65* 75, 05* 93, 105, 115, 
125 and 135 day intervals were 53.2, 55.4, 50.7, 62.1, 59.2, 
65.9, 67.9, 65.4 and 64.0. Though Gupta ct al. (1970) have 
recorded more than 90 par cent flowering at harvest stage of 

flowering, froa the trend of tho rcaulto ouch n high 
peroentogo of floworod tlllero cannot he attained under 
Odakkaly conditions. It appears, thoroforo. that hi* 
p«r,«tog. of tillers with tofloresoonoo is hotter guided by

.liaatlo feotore such m  I ® * *  °t0‘ *
horvast intarvsJ**

Different levels of H, f. K 0T th*lr oonhlnations
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did not significantly in-n-v m i n m o m  tha number of tillers withoutinflorescence,

Differences in the interval between harveeta algalfl- 
oantly Influenced the number of tlllere without infloreaoenoo. 
As the Interval between harvests inoreased the number of 
tillers without inflorescence deoreased end the treatment 
harvested at 65 day intervalo has reoordod the lowest number 
in both the years. Further it is significantly lower than 
all other harvest treatments for physiological reasons already 
discussed under tillers with inf lore scenoo. Moreover* it 
has to be pointed out that tho total tiller number is maximum 
at 55 day harvest interval and tho number of tillers with 
Inflorescence io maximum for harvest intorvol of 65 doys with 
no significant difforenoe for ohortor intervals of bO and 55 
days. Evidently this leads to a significant reduction in 
tillers without infloresccnoe for harvest interval of 65 days.
Horbago yield

In tho first yoor tho liorbogo yiold io influenced
significantly by dlfforant lovols of H. llorbsga ylald 
lnoreased «. the tl level Inoroased from 25 kg to 50 kg/ha, 
but «ua the level Inoreaeed further to 75 kg/ha. the yield 
deareeeed. In the oeoond yesr. end to the total yield for 
two year a i there 1. no elgnifK-nt difference with different

levaIs of
in the fir* “, narv „iot is leee then tha* in the even harvest snd to every P10*



261
moaai year at the oorr«m*e. „harvests. This la mainlyd m  io the time tniron the first year for the crop toeateblieh itself in field. Further, while IJ levels 
s pecially the middle level of 50 kg/ba 1Q able to ahow an
laprovuuent in herbage yield la the flret year, thle alight 
difference 1b Been to bo masked by the better or equally good 
performance In all n treatmento by the eeoond year* Thle 
Again may partly bo duo to the bettor available II atatuo of 
ths soils in general, uhioh hao rondered the dlffcrenco 
between :I trcatoento not largo enough to oouao a rGaixDnoc. 
Increase in the herbage yield with application of II fertili
zers hao boon reported by Liony workers (Bubta and laul, 1976; 
Hezarika and Dora, 1977; Derma, ot al. 1J77» Gupta ot al. 1978| 
Jhanna ct al. 1'jcJO; iJorock ot al. 1981 o and iiunai and 
Mukhorjoo, 1932). However, Singh ot al. (1981) found that 
application of H at 0, 50 and 100 kg/ha hod no influence in 
ths herbage yiold under tho agroolimatic conditions of Jorhat.

Significant roo^oneo to application of r hao boon 
obtained In both tho yeere and In tho total yiold for two 
years. Ilorbago yiold lnoreoooo llnonrly with lnoroaoo In the 
Ur.lB ot p205 from 25 to 75 kg/ha- Tho rooaono for ouoh

.na fco b0 mainly attributed to tho low a linear rospanes has to do
.reliable P oontent of the coll which r.oult.d In en alround 
lnoreoa. In the ,1.U .ttrlbutlng oharaot.r. -oh a. total 
n u n  of tiller, with Inf lor.— c, b.iaht of the hlont.

with inorsas® in ths levels of P.length of inflorseosncs stS.
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attributes hare beenAlsousBed after «
coQtfioient analysis in a later 

notion of this *>__ kg/ha

th* Influence of the ^ _

MU
v m  reported by Dutta and p«,iand Paul (19 76) while reeponae upto
80 kg/ha wa« reported by Gupta at al. (1970), Singh at al.
(1981) and ly Munei and Itukherjee (1962). Sharaa et al.
(1900) obtained reeponae upto 50 kg P20g/hn. Contradictory 
to this Soma et al* C1977) and Pareek et al. (1901 a) 
obtained no reopanoe to application of P. The response 
pattern of the crop to application of P reported in litera
ture thus appooro to he at variance to one another obviously 
due to variations in the available p ntatuo. The low avail
able P otatnn of tho experimental soils in the present atudy 
explains the reoponae obtained for P application.

Tho horbogo yield in the firat year io not Influenced 
significantly by lnoroaoe in tho lovolo of K. But the 
highest yield recorded io undor tho treatment with 75 kg KgO/ha. 
In tha second year end in tho total for two yoaro, a olgni- 
floant lnfluonoo with different lovolo of K.,0 onn be obaorvod. 
Tha hlghoat yield hoo baen rooordod at 75 ke K?0/h« end it 
1. .igaifioantly hlghar than that of tho othor two level..
Th« ylald attribute ehareoter. woh a. tiller number, 
height of th. pleat. 1 - ^  °f inflore.oenoa ato. individually 
h«. not b a «  lnor.n.ed aigniflo-ntly by V  application.

h^ .  th. «*ii i— —  *  y u “  •ttrlbu‘9' rt
hlgh« M .  of I *•*>"» * * »  I—  contribute to lnorea~
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jlfild Of hflrtwgp 
bttTB been renmH-!

w — — buou us ru'cca raui.
(1976)® Hasarlka aai nnT_ /«nn̂ sBoro (1977) and by Gupta et al. (1973).
Bat Sharaa at al. Moans nM980)f Pareek et al. (1901 a) and Singh
at al. (1981) have reported non-response to K.

ncreaslng lntorvalo between harvest a lnoreased
barbate ylela in both tho years. Of the various harvest int 
vals Ou titlQ P.2.Y\ THnn Q y\ I* n-mynl A v» da n  ji _
highest yield, iloot of the yield contributing characters 
such cn height of plant® length of inflorescence® number of 
tillers with Inflorescencet are found to be tho highest at 
tide interval. TI10 higher horbago yield at this harvest 
interval has to bo attributed to those contributions. The 
ylold recorded by this treatment in tho first ycsr end second 
year are respectively 15.12 and 32.52 t/ha. The low herbage 
yield in the first year is aainly on account of the lover 
tn i tir nunber and m o b  or ox harvests. Gupta and Jain (1j73) 
reported that the yield of liorbega was lowest in tho first 
year and higheet In tho oooond and thirt ycaro oftor planting
Tb. enervation trial conducted with hl«hor lntorvalo of 
Imrvaot ahowod that the herbage yield incronood upto 05 doy.

than d.oronood on tho Intorval inoronood above 65 d^a.
^  rt n .  (1901 b) reported that tha maxiBun herhag.

a * t .nflnur Farm. Dolhl for two years of yield ..a Ohtainad at X •°aVaT
, 1 n.rlo«J with moot flower, o p m  .toga•xparlMnt at tha bio P*

m l  tha yield wn. 94.3 t/ba.
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xreot vaulA be discerned In  the o il 
J the f ir s t  and oeoand year with d ifferen t levels of

This showed that 25 kg N/ha is sufficient under Odakkaly 

condition where the available soil n level was found to be 

■adium. In the first year herbage yield 1b increased signi
fic a n tly  with increasing levels of N but the difference in 
oil y ie ld  is  not significant beoauoe oil contents at 50 and 
75 kg H/ha are lower than that at 25 kg IT/ha. Varying 
responses to application of 17 have been reported by workers 
such as Hazarika and Dora (1977), Sorma et al. (1977), Gupta 
et al. (1970), Shnma et al. (1900), Pareek ot al. (1981 a) 
and by ifunai and l/ukUerjQe (1982). 3ingh cb al. (1981), 
however, reported non-rcoponso bo application of N for oil 
y ie ld  •

Oil yield inoreaeed significantly with increase in 
ths le v e l of P in both tho years. Ilighor horbago yield 
recorded at highor lovolo of P night have contributed towards
higher o il ylold oo thoro io no oignlflonnt dlfforonoo In  tho

0!i with different lovolo of P. In peroentago recovery oi oix wxuu
n + nc ir/r/ha has rooorded tho maxlnun th. first year, P2°5 w

e ll y ie ld  ( 30.73 kg/ha) -hloh 1» elgnlttoantly p a r lo r  to

th. other two le v e l. • Bat In  the eeoond y .o r and In  the to ta l
. - i i  v i*id  is  recorded at 75 kgfo r two yeore the nutflmm o il y i« «  “

with 50 kg P20 -/h a . There- 
P-O./ha whloh l ia e lf  1* “  P "  2 5

„ /%.. -.t b. wfflol»* for obtaining higherfore. 50 kg P-O./ha D
. .n n l l . f * 1" s ituation . of Odakkaly. 

o il y ie ld  under the a g ro o ll" *1



Varying responses to PP-U. cation of P have bean reported by
nany workers (Hazarik* ^and Bora, 1977| Sanaa at al. 1980|
Singh et al. igai and Mum! and Mukherjae, 1962). On tha 
aanuraxy oanna at al. CI977) and Pareok at al. (1981 a) 
po ed that there wao no reapanoe to P in the experiments 

conducted at the Punjab Agricultural University, Ludhiana 
and Issapur Fara, Delhi respectively.

phosphorus which is ono of the ieportant macro— 
nutrients doeo not ooour in the living cell in its acid fora 
Instead in the constant biological reactions phosphoruo 
plays Its cardinal role in the forms of ostero of xjhosphoric 
acid and jryro phosphoric aoid. Thus, in a v;ido spectrum of 
biological reactions that arc occurring in tho plant cell, 
oninal call or in the c ells of lower organisms, -phosphorus 
exerts its role in tho forn of energy containing cstors ouch 
aa adenosine triphosphate (Air), croatlno phosphate (Ci) 
a m  phoophoenol t.yruveto (lirT). In tho biogynthetio forma
tion of 7.onotarpanoo, oholootorol. amino ocldo, protolno oto 
Garonyl pyrophosphate Id however on lntoracdlato In tho 
pathwoy. Tha pathway of nynthoaio of nonotorponoo lo
briefly depleted aa follown.

cn cociipCoacoA * ciijOoaooA _ ^
ft,oto oootyl COA Aootyl RoA

on
HOOC-OH^-O'z-00-300* * C°A3"

CII,
. _.,r_ R-oothyl glut aryl OoA p-Hydroxy- P (hmoooA)
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»m h «h *
HMG.CoA

PS
HOOC-Cng-CHrig-CHgCSi ♦<; 0 Asa

Henrolonlo Aoid (kva)OH

i

IIVA Kinase
Menooinc Triphoaohato

(A7IJ)

o t . 0
HOoo-cn0-o-ciu-cn^^>i’-o;u^,Ci on

w  o?:
5-- oovalGnic Aoid

>

5̂ -iITA kinoao

0*7 '“7 / ^ n D
7, -U—G. i0—‘Jiirt—0-lJ— Orl

Cm Cm

a  i on on

>-i/iviioa,iio aovalanio Acid

C02 -y

IT3C

5-Dî iiiooijiio aovalanio Aoid Einn

HgO

^  n2 °

n 0
II II

" c-otu-oii-o-j'-o- w m
^  0H OH

Iaop«t«yl jwrrophoa^# 
(I**)
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isomerase

HjC 0

*3
CH-CHg-O-P-O-p-OH

Oil OH
 ̂-DlmQtliyl allyl Pyropho nphni 0

v \  ? ;
. C—CIIp-CIio-O-p-0-P-0H

r  i I
OH OHH2c Condensing onsyme

TT p‘2 '
/

rue'j
/

CIUICH-CHg-OĤ -.; - - "1,-0
Garenyl lyrophoo.Hate

n o -r «o

0 0
H o -r -o -p -o n

Oil OH 
Pyroplioophoric aoid

HC-PoO
IOil

Tho oohaoo oloarly tolla that during tho roductivo 
processes and phosphorylation, onorgy lo aonaumad directly or 
indirectly in tho form of ATP, the formation of whloh evidently 
flaponda upon tha oontlnuoua rolanaa of ATP by tho ooll. Tho 
fin* i ng in tha proaant atudy that aoll applloatlon of phoophorua 
loads to oonaidarabla lnoraoM In oil ylald of palmaro.a plant, 
ta aub.tantl.t1 by tha lnrolT-ant of high an«gy pho.ph.ta 
aoapo^a In tha blo.ynth.tlo pathvay. whloh poaalbly gat.
atlnlatl by tha tfartlUaation.



* — uux-DBge yiejxi in tne aecona
year and In the total yield for two years. In Bpite of thlef 
tha lank of roaponee whan oil yiold is taken ao the criterion 
has to be attributed to the observed lower oil content in 
herbage at higher levolo of KgO. Tho oil content decreased 
froQ 0.281 per cent at 25 kg K^O/hn to 0.265 per cent at
75 hg KgO/ha in the second year. In the firot year also 
higher levels of V.̂ 0 application ohowed a similar trend.
This consistent tendenoy of FgO to reduce the oil content in 
pfllnflmnn needa further study.

raportod by Jharna ot al. (VJ0O), Paroolc ot al. (1901 a) 
and by Singh at al. (1901). ^  contrary the optimum
lavol of K 0/hn/yonr woo found to bo 40 kg by Hasarika and
Bora (1977) *3 0uPto ot °1’ C13705-

Oil yield lnoronaoJ olcnlfloontly no tho lntorml

jon responoo of K20 for oil production hao boon

lnkarval. “  thi,n 5
O U  yiold. IB *****



decrease beyond ge A .
^  int«PTBl of harvest. The oil yield obtained for fe d*v« Aharvest Interval during the first year

^ ĉg/ha and in th* ■ -™  »ooond year it is 89.11 kg/ha.
Tha low oil yield in «« ■fiTBt year is largely due to the
lower herbage yield obtained. Inorenaing the interval of 
herv t resulted In Increased vegetative growth and allowed 
■axiom flowering. The inflorescence generally contains the 
highest content of oil compared to other portions of the 
gross. Cnhnnced vegetativo growth and a great or proportion 
of inflorescence to otem and leaves in the herbage has 
contributed towards the higher oil yield at longer harveot 
intervals.

bal (1935) and Hno ot al. (1949) had reported that 
the piatI ran yield of oil wqo obtained when the era:; uno 
harvested ono week after floworing. Hair and Marion (1970) 
were of the opinion that the sixth or seventh day after tho 
full flowering of the orop was the optimum stage of harvest 
for obtaining notion oil yield. Many workoro havo reportod 
that maxiBUQ yield of oil waa obtolnod whan the planto wore 
harvested at full flowering etogo (Vlntnni ot al., 19771
Oupta and Jain. 1970 ot oX-  1301 b)* th“
othar hand Singh (1950) reported that n.a*lmum yield of oil

obtain*! during bolding *» *l0" rln‘ “ “  ‘
In yield with tha <«aat of aaadlng. 

*b. total Oil yl.* obtained In the atudy 1. In 
finding, of Haaerllta end Bora (1977), •SKLfovaity with the fincip*

2G'J



“ * *  "  “ • <,9a,> ( w a ) , „  
“ ® ~  “ “  “ ■ " p m -  i n n > * ~ LParenk et al. (ig81 n ^ - . Na ana b). Sanaa et al. (1977) reported

higher oil yield (161.6 to 222.9 kg/ha) In the flrat year 
than In the oaoQnd year (84 to 102.3 kg/ha). But Gupta and 
Jain (1978) havo reported that In all the epeoies of 
Cy^bODOgsna the yield or the herbage waa the lowest in the 
fir art year and nlghcat in the occozid and third year after 
planting, -aroek, ob al. (1yS1 a) reported a oil yield no 
high 2-3 4op.4 Izq/Iid. in two yocro. Oil yield ae hl^h ca 
343.3 1/ha wao record <xl for two ye are in another cbudy 
canduoted at Iooayur Karu, Delhi (i-oreok et al., 1 j 01 b).

bueh 1 1 1 yielda reported in litoraturo, however could 
not bo obtained in tho ^ra□ en& study under Kerala situation. 
In fchio reopeot ino o_ tho obuorvationa worthy bo be 
•nphaoiocd io that fcho prooent raoommondcd opaolng of 
30 x 30 ca adopted in tho nrooant atudy io too hltfi ao it 
penal tn weed growth In betuc-on both plonta and batuoen rowo. 
If the population denelty par hjotaro la lnaroaood with 
•horter .pacing It ho ponalblo to attain higher ylelde. 
However this agronomic aapoot need, further atudy.

Oil oqntanfc

270

Different lerele of H appllo.tlon tried have not
. m  _____1 - *- 4» Vi* n l nviV ■influenced

higher m lM of W »ppAXO».*- —
. oil oontant of plant* withIn tho 0\L a



application ot I h u  bom ..reported In Jara oitranella by
Bonnegowda (1978) aama et al. (1977) reported that 

percentage recovery of oil increased with increase in 
the levels of N and according to Pareek et al. (1981 a),
Singh et al. (19Q1 ) ^  -poreok Qt ^  («|9Q3)f there was no
significant difference in the oil oontent due to different 
levels of n at 0# 50 and 100 kg/ha.

Different levels of P2O5 also have not influenced the 
oil content significantly nor hsve they ehown any definite 
trend to either increase or decrease in both tho years*
Many workers such as Dutta and Paul (1976), 3araa et al. 
(1977)» rarook et al. (1981 a), Singh ot al. (1981) and 
Pareek et al. (1903) also reported non-significant response 
to application of r in tho oil oontant.

Application of KgO at higher levels dooreaocd tho oil 
oontant in tho first and seoond yoar and thio io significant 
in tha oocond year. Tho decrease in oil content obtained 
with lnoraoso In tho lovol of K,,0 In thio otudy moy bo duo 
to the foot that tha minimum level of concentration to bo 
maintained in the .oil eolutlon ae well aa In th. plant 
0 .1 1 u p  might hare been met from th. arallebl. K oupply 
from th. .oil It.elf be.We. through the Edition, of K
f.rtlllz.ro et difXermt levolo.

nt hi«b*r i m l m  of K20 Is observedMoisture oontant at d
 0f dry natter to fresh walghtto be W r oh ae the proportion of oiy

. law et higher U w U  of KjO. Thio u y  be of tho herbage lo low «  «“ ■— *

271



ana of tha reasons fop th®, r Xhe observed low oil content athigher levels of v 0 w2 * tta and Paul (1976), Pareek et al.
0981 a), Singh et al (1 no.\• (1981) and Pareek et al. (1983)
reported non— alenifift0»,+ant response in oil content due to
application of KgO.

In the present study none of the combinations of NPK 
has a significant influence in the oil content. But Hazaxika 
et al. (1978) observed that out of 16 HPK combinations, the 
combination N12Q P^Q kq and NgQ P^0 K^0 yielded maximum 
percentage of oil and these two combinations were highly 
significant compared to other combinations.

Percentage of recovery of oil is influenced signi
ficantly by differences in harvest intervals. Oil content 
increased almost linearly as the interval between harvests 
increased in both the years. The highest value of (0.316 
per cent) is recorded by 65 days and the lowest value 
(0.247 per cent) is for 40 doyo in the means for the two
years.

The lnoreaae in oil oontont with inoroaoe in the 
Interval of hnrveot may bo duo to tho lnoroaoo In tho number 
of lnfloresoenoe and length of lnfloroooenoo as lnfloreooonoe 
oontaln. much higher oil oontent than the leaves and stems 
OUUtalt «nd Butt. 1947, "ar.dn and Bas Gupta, 1948, Rao

M  .1 1 » .  «»*'* “ * 19661 ',i'"

» p“  •• •1-  19,81 1,86 " *

* obtains during th. fuU bloom .tag.

2 7 2
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a* early md late flowering ■tagea (Kerira and Bath ««c*11 • 1966| Ghoah and Chattarjee, 1976
and -areale at al.. iq8i ^

t iybi b). According to II are ah et al. (1982)
tha oil content of* t-.i j... i „ .P-Lants at ant he si a was appreciably higher
than bafora or at full flowering stage. Kerala Agricultural 
University has recommended that the crop should be harvested 
one week aftor flowering when the eoeential oil oontent 
reaches its maxLnan (Anon., 1982). In the present study, 
it la observed that the crop harvested at 65 days interval 
hao not attained tho late flowering stage and hence the oil 
oontont linearly increased upto 65 days. Thio furthor posed 
the question whether tho maximum harvest interval of 65 days 
tried would be sufficient for realising maximum oil content. 
Tho observation trial conducted with intervela varying from 
55 to 155 daya hao shown that the oil oontent inoreaaed upto 
05 days ond thereafter it showed a downward trend. Thio 
•hows that tho optimum interval for obtaining maximum oil
ocntant la around 06 <laya. “  thuo P00Dlbl° thnt tho modo1 
for optimising tha yield by harvoot lntorvnlo nay bo botuoan

65 and 95 doyo.
Tha oil oontont rooordod In thio atudy lo In a^oonont

. Tw-kf. and Paul (1976). Virmanl at .1.with th. finding* of Paktn
univ'i Kwiy raport. with ragard to th.

(1967) msd *llo o  (1902)* "■"*
 h, toi (1935), N«rlm m d  Oupt. (19*0),•■Mntlal oil raoovsry by

^  ^  « « * » . — -  **• " m ) - 1 7

and tha oil cont«nt%aa low



Singh et ml. (19Q1) 
N«*eeh et al. (1902) varied

widely end are not in .agreement with the results obtained 
P1*® t study. This Tariation in oil recovery nay hs 

attributed to the variation in agro-olinatio conditions of 
the cultivation oitee and the proportion of flower, leaf 
and talk in the herbage. The flower top has the Tnn-gim-an 
oil content and the leaves and at cm have lesser oil content. 
In view of thie tne height at which the herbage is harvested 
is sure to influence tho oil rcoovory percentage • The 
lower the height at which the grass is harvested the lesser 
will be the recovery.
Dry oat ten* yield

Different levels of ii iiavo produced significant 
difference in tlxo dry nab tor yield of herbage* in Uho first 
year. In the second year, how over, tho dry horbago yiold 
has not bean influenced by different lovolo of ii. oinilar 
remits axe obtained in the case of fraoh woight of herbage 
a!eo, indirectly Indicating that tho aoloturo oontont of 
tfa. harbags 1b unaffected by tho lovol of H.

Aa in th« CMC of froah weight of herbage tho dry 
«ttor yield .1.0 -how- .lffilfloant dlfforonoo with

dlff««t 1^.1- o' P both th* yBOr"- 81milar trand"
. . *.nr Ajrr and freah weighte of herbage. Thiehave been noticed for xy

- name of N the moisture oontent oflndloato. U a t H h i t t *  o«b«
rr.otad W  Aittnmii l«v«l« of a In both 

th. harbsg. 1. v

the yeere.
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. *i0aAfl°ant dlffer®no« In the dry weight of the
herbage with different levela of KgO oould be observed In
both the years and in the total yield for two years. The

ght of the herbage in the second year and the total 
yield for the two years are Influenced significantly by
different levels of KgO. The treatment in which KgO is 
applied at the rate of 75 kg/ha recorded significantly higher 
fresh weight of herbage than the other two levels. But 
there io no significant difference in tho dry weight of the 
herbage indicating that tho moisturo content of the herbage 
nay bo high at higher levels of K20.

The dry matter yield inoreaood with inoroaoe in the 
interval of harvest in both tho years. The high dry matter 
yield o.t longer intervals of harvest io due to tho liigh 
fresh weight of herbage and low moisture oontant with increas
ing intervals of harvest. The moisturo oontant of the 
hmbago dooraaoed ao tho lntervnlo incrcaood and tho neon 
■olotura poroontna. rcoorded In two yooro at 40, 45. 50, 55.
60 «nd 65 <lny« Int.r'mlo ore 71.7 , 70.5 , 70.0 , 60.0 , 66.7
and 62.5 respectively.

.obtayas-d- kt
— ativlv tho numbor of harvests obtainedIn the present stuay 

t„  , U M > « « « .•  “ ' • ™ i oti“
(OTr ■« « •  ■*“  ■“

i m  „ o t  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s

t h s  s e c o n d  y e a r

from
in literature • Generally

l o c a t i o n s  r s p o r t e d  i n  ^
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w o  or at tlaes a maHnu, three harvests only ere generally 
on year (Burger, 1953, Singh, 1958| Ear Ira end Berl, 

19 I Onpta, 1972, Oho eh end Chatterjee, 19761 Haearlka and 
B«ro. 19771 Tlrnanl, et al. 1977, supta et ^  19eo,
Kanjllal at al., 19Q1| Slnflh ^  ^  1ge1| ^
Mukherjee, 19Q2). But under Kerala conditions Rao et al. 
(1949) have reported that they obtained coven cuttings in 
two years in an experiment conducted in North ilalabar (Kerala) 
®J®4r (1900 a) reported from a otudy oonduoted at
Ai'lPHS, Odakkoly that thoy obtained four harvests in the first 
year for ODP—2, the ooqo variety used in the present experi
ment. Tron another study on the influence of spacing of a 
late flowering variety ODR-1, Nair et al. (19o0 b) reported 
two harvestc in the first yoar four in tho second, three in 
the third year and four in tho fourth year . It api*ears that 
comparatively noro number of harvosto are possible under 
Kerala condi tione bocauoe tho orop oomes to flouoring moro 
froauently undar tho ogro-oliootlo oondltlono of tho dtnta. 
Thla nay bo booauno palmorooa poooooooo tho ohorootoriotloo
of long doy plant0 end long haoton flowering ond

,jrowth (Ohoeli ond Chatterjoo, 1977).increase the reproductive Lfru^
8 of the oil

m of the oil obtained ,ln

OLC enely*!* —
T. „  the. e o n  tent of the oil 1. not

. ■ M tion> Hov***r dlffopmt lnturalt 
hv NPK •PP11'0**

&
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1” 1B * 4eflnlte lnrlnmoa on the gereniol oontent.
Tina B a x l m n  geraniol content (73.1 pep oent) c o u l d  be 
obtained with a harvotrt interval of 55 d a y s ,  the minlmm 
balh« for the ahorteet Interval of 40 d a y e  (60.7 per oent). 
For periode shorter then 65 a n d  longer than 45 d a y e  the 
gerund.ol content iQ Q0ro or Iqbd the oano.

Goronyl ocotate aloo la unaffeoted by IITK fertilisa
tion. However, goranyl acototc dooreaoed no tho interval 
incrcoflod attaining tho cilnimuEi valuo ot 65 doyo (21 .Q per 
cent) harveat interval. Tho umxinrun voluo io rocorded by 
40 daya intorval (32.7 par cent). The rcuult of tho atudy 
ttnia ahoy□ thab harvoot intorvnlo groatcr than 65 dnyo cay 
be required to bring down the acotato content to I «I opcci- 
flcation of 3.1 to 12.5 por oent. Ilowovcr it ap:>ecr3 that 
the lnduntry haa nothoda for docroaaing tho aoctato content 
end thuo lnoroaolng the goroniol oontont to Idl apocifica
tion. Theee ucthoda though oi>ccially guarded oocrcta 
oannot bo anything other than oinylo tochnlquoo for hydroly

■lug the gorany 
■odium aootato*

obtained In

Tha .pacific grarlty of th.
^  or. not i n f l u x  by dlffor-t 1,

P 0 or K20 •M«Pt *M  ■ * * "  °'“ °n Wha”  th° • 2 3 2 Tha W  int.raotlon la
«t Of P,0, i«
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significant
“ xowesx opeoirio

gravity is recorded hv +vn .,Dy the combination n-.p̂ « This shows
'—  WA '*XA° palmarosa oil decreased

as tha fertility of the aoll on which the orop has been 
grown increased•

specific gravity of the oil is influenced by different 
interv-lo of harvest in the nonsoon ooaoon and in the moan 
value for both tho Qoaeons. It io found to deorcaoe as the 
interval between tho harvoots increased, Speaifio {gravity 
recorded during tho oumner ocnoon io lov/er than that in tho 
monsoon season. The values with different intervals of 
harvest has been found to vary fron 0.GQ27 to O.G‘ju3 in tho 
monsoon ooaoon and from O.ii 02 to O.OfJOO in the cunmor. 
Those values are higher than tho opeoi float ion fixed by tho 
1 3 1 .  /Vs par tho 131 s p o o l  float ions, tho specific gravity of
palmaresn oil should bo within tho rongc of 0.0740 to O.OGbO

30*3* "̂ hc deoronse in tho spoclfic gravity of tho oil 
with lnoroeoo In tho Interval of hnrvcot nay bo explained 
IV tha hl^or content of alcohol and lower content of 
■store In tho lator Btogon of growth. Oornnlol hoc a low
opsolflo gravity of 0.0812 compared to C«rrnyl aeetato.

Many workero have reported that0.9163 (Guenther, 1950).
■pcoiflo gravity of oil fron th. leave, to be lowar
th.t of th. oil from the flower top (Oupta et al., 1978,

bus 
hsn study

though
p r o p o r t i o n  of tiller. -!»*> lnflor.eo.no.
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increased with inorea*im, i *^ intervale between harvests, the 
Bpwific gwrltv of Qn  *decreased os the interval increased.

suits thus show that not only the proportion of leaves 
Kid inflorescence, but the interval of harvest is also an 
important factor in determining the specific gravity of the 
oU. The re suit a reported by Paroek ot al. (1981 b) is in 
agreement with the results obtained in the study. According 
to him, the spocixio gravity of oil showed a downward trend 
from counanccnent oi ilouoring to the late seeding stage.
But Xarira end Bsri (19^6) reported that there was not ouch 
difference in the specific gravity of oil at tho flowering 
end lato flowering steges. The specific gravity of tho oil 
obtained in tho summer season is lover than that of tho oil 
obtained in tho uonooon season.

The ooociflc gravity of tho oil decreased ns tho
harvest interval increased upto 65 days. Howcvor tho oil 
with the maximum harvest interval still has a higher opeoifio 
Gravity than that ro'tulrod by 131 opoolflcntion. Tho oboor- 
vatlon trlnl conducted with lon,jor Intervale during 1905--04 
h u  shown that the opoclflo Gravity decrcaocd further ae
th. Intarvnle increased above 65 days. The epeelfle .jruvlty

, 71 finve le within tho 131 opoolfloer-of oil obtained after 79 <W»  1
* interval of 75 «oye 18 founa t0 b8 tlona. Tha harreot Interval-
m  131 apaolfloatlon. Thu., the harvaat auffloiant to attain i m  I"
, - i'll .oaolfloatlon la highly lnflu«noed lntarval for attaining I'11 ■P801

. w it la barraatad ond tha period at whloh 
by tha tlM at whloh 1
th- oil 1. mmthaalaad In «b> «*-“*•
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index of the oil la influenced by different
of YJ only in m™  Q0na0Q*i oea0ont while P and K ahovedno lnflu^nQQ in Kail X* seas one and in the mean value for 

both the seasons. At higher levels of Nf P end K geraniol
oontent of the oil is found to increase end the acetate 
oontent io found to doorcase though the differonceo are not 
sigolfleant. In fact pure geraniol and geraniol acetate
have significantly different refractive indices. However, 
this hao not been reflected in the refractive indices of the 
oil.

nefroctivo indox of the oil in found to increase 
aignificcntly as tho interval botueen tho harvests increased.

increase in tho valuos with increase in the intervals 
of harvest nay be attributed to tho higher geraniol content 
and the lower acetate oontont in tho oil go tho Interval 
between the harvests increased. Geronyl acetate has a lower 
rafmotlvo Indox 1.4655 oonparod to G°ronlol 1.4766 (Guonther. 
1950). Tha hlghoat voluo of 1.4680 In tho nonaoon ooaaon io 
recorded by 55 doy Interval but It la on par with hnrvcet 
intarmla of 65 . 60 and 50 day., all of whioh arc al^floanUy
^  fro. 45 40 d<y- **
hl«het of 1-4694 1- recorded by 65 day. harve.t

interval a -  U  U  «  «M h  6°* ”  “ *  *  * *  1““ 1-„ -iv th. harro.t tro.taant. duringTha vmluee recorded cy ^ low th. 181 Halt. a .  tha IS1
fcK# none pop eeeeon
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ipiOlfloitiCQ fop p afmn« «™ ° W v ® index at 30*0 is 1.4690 to
1.4735. In tha aaaaer seaM€KL the values recordod at 65, 60, 
55 end 50 day intervale are within the 131 unite. Higher 
refractive index of the oil obtained in the summer eeoaon
■•y ne to the higher geraniol content and lower acetate 
o on tent in tha oil obtained in the summer season. The 
result 3 obtained in thia study are thus generally in agree
ment with tho findings of Pareek et al. (1981 b) who have 
reported an increaoo in tho refractive index of oil from 
the vegetative phaoo O . 4676) to full bloom otage (1 .4 7 3 1) 
end thereafter it remained without much change. Virmani 
St al. (1'j67) havo reported that the rofroctive index of oil 
decreeae-i oa the duration of harvcot inorcaecd from 12 to 14 
wacko to GO weeko. The refrootivo index of oil of tho flower 
topa was re iortci to be lower than that oi. tho oil obtained 
from loavon and otom (Karira and Dori* I9G61 Alioof 19*32). 
Gupta ot al. (1970 and 1901) kovo reported that tho 
refractive lndox of oil of leavoo uao higher then that of 
th. lnfloroaoenoo. hut In the prooont etudy the rofreotlvo 
lndox of oil lo found to lnoroeeo no tho Interval between 
h e r e t o  lnorooeed « 4  ae tho proportion of flowered tiller, 
i n o r o , ^ .  Thl. al.o -*«• that a. In th. oa.a of .peolflo 
~ v l t y  of oil. refractive lnd.x 1. al.o d-tort-in* not only

of th. lwtva. and lnfloroaoanoa but alao 
th. prop0 obaarvatlon trial baa lndloatad

r th. . W  of h-rrart. « -  (nt
. fltlra lnd.x inor.— d aa tha lni.rr*.

hmt the ra
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increased upto 05 a**- M
tea Maples harvest** end above 55 daye interval have paeeed the 131 b m a <#i. ..opeoifioation • The refractive index ahowed a
tendency to deorennn «« .toe harveet interval inereaaed above
95 days.
Optical rotating

toe refractive index of all

Optical rotation of the oil ia not influenced aigni- 
fioantly by tho main effeotB of II, rf k or their interactions. 
Tho optical activity of the oil iB found to inorcQoe as the 
interval between the harvests increased. The difference 
between the treatnents is found to be significant in both the 
seasons and in tho neon value for the two seasons. Maxi nun 
optical activity is recorded by 65 days interval in both the 
seasons aoi thoro is no significant difference between 551 60 
and 65 days in the noon value for tho two seasons. The 
vmluoa obtained for the treatnents varied from ♦1.45" to 
♦1 .84" jLn tho nonooon ooaaon and from +1.53* to +1.90 in tho 
■amner Mnoan and all thooo valuoo aro within tho nil llnlto 
„  th. rnng0 m a d  1. from -2* to *3* • *»» eoranlol,
g.ranyl acotnto ond alllrt aubatnnooo hay. no optloal aotlyity 
baoraa of tha aboanoa of ..ymotrlo oar bon atom. In thorn.
Tharofora, tha lnor.«« 1» obtalMd Bt
lntarmla may ha du. to th. Inoroa—  oono«vtratlon of . »
minor aomponanta -1th optloal wtlrlty. 

. . ._i . 1 oonduotad with lntarrala from In tha obaarrmtlon tr»•* 
,. 1. notload that thar. la not mnoh dlffar*-..

33 to 133 daya. It la »
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in ths optical acti*itv Q, +u
Pareek et al. Moo* ^  . oil aa the intervals increased.

obtained si ml 
oil increased

phase to tha conBenceoent of flowering and thoreafter it 
decreased«
aolsbiUtx in 70 per cent Ai ^ w

•<o □l^ni^icGnt difference or any definite trend is 
noted in ths solubility with different levels of n, Po0K and

do
KgO* ^oth fron chenioal analyois and fron tlio GLC studies 
higher levsls of il ond P have boon found to give a iiiglicr 
gsranlol content and a lower content c? goranyl cocteto.
Out tho difference in the contents of geraniol and gorcnyl 
scotnta !ma not been reflected in tho olubility of oil in 
70 per cent alcohol. This nny pertly bo due to the 
differential of fee be produced on other minor terpene oloohol
constituents.

Different intervals of harvest have influenced the
aolubillty of tho oil In both tho occoono anil too ooluollity
la frrand to lncrcaoo nlaoat linearly with lnoroaoo In the
lntorrals of harroet. Hlghoet oolublllty lo rcoorfod with
65 day lateral In both the aoooone, 1.45 In too monooon

* i iaIn the Bunner eeeeon. Ooranlol, being moroseason and 1.44 lfl
p.Ur than prenyl -ot.to will bar. . higher eoluhlUty In
a poier aolr«t 11*. alcohol. Hano. th. inoro^e In
-^s.tltr in loohol at hlrf- ^

hm highar gsmnioi
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«****• It OOtdd alao K- *

au* to an lnoreaae In other minor
* ~ P — • Th. aolublUty recorded hy all the treatments 
oonfim to tha 1*tt

®P«olfloatlon of solubility in ana to two 
Tolnaea of 70 per cent alcohol.

The higher aolubility of the oil obtained in the 
sunnier season nay probably duo to the higher geraniol content.

The solubility of the soil in 70 per oont aloohol 
shoved a tendency to inoreooe no the intervolo of harvest 
increased upto 115 doyo in tho oboorvation trial.
Apid value

Main offocto of Nt i, K or intervalo of hnrveot are 
not flignlfleant and no definite trond hao also been noticed 
in tho acid valuo of the oil with different troatmonto. Tho 
bqtI m n  valuo fixed by I SI for thio character io 5. Tho oil 
obtained during the uonooon oeaoon hao reoorded higher valuo 
than in tho ounmor oeaoon. The valuoa obtainod in tho 
manaoon oeaaon aro hlehor than tho 131 opoolfiontlone, but 
tha Taluoa rooordod with nil the trootmonto during ounmor 
aaoaon oro bolow 3.0 which ontioflod tho I hi requirement.

*o the Interval botw.on horvoote lnoroooed above 65

trial the aoid value oorreopondingly daya In tha obaorvatlon triaa. vne
. 1 1a d.vi. The valuea obtained for hnrvoetdaareaaad upto 115 daya.

A ^ a  and more ora within the 131 apoolfloo- lntarvala of 95 daya ana nor
, tbat for obtaining oil of batter

tlona. Thla ^  to morea.ed upto 95 daya.
quality tha lntarv r.port»l higher aoid wlua



than tha isi ..
  if. a on fop the oil obtained in all thegrowth stages (from V6f?fttn+. ^otive phase to the seeding stage)
that he studied and tv,* vaboenoe of a definite trend in his 
studies for the aoid nmbar at different stages of harvest. 
Karira and Beri (i966) Peporte<J that ^  u U  valu0 Qf th0
oil of the 1/3rd top portion of tha plant was higher than 
that of tho 2/5rd bottom portion. Gupta ot al. (1981) found 
that tfat_ oil of tiio loaves hod a low aoid value compared to 
that o_ the inflorescence). Alice also observed that
tho acid valuo o± tho flouer tops to be iiî ier to the oil 
obtained frou tho botfcou portions of tho plant. But in the 
preaant study, tho acid value of tho oil is found to 
deoroase as tho proportion of inflorescence io increased 
with increasing intervals of harvest. This also shows tint 
ao in tho specific (gravity and refractive index of oil, not 
only the pro portion of the loavoa and infloroaccnco but the 
stage of harvest of the crop io also important in deter
mining the add valuo of tho oil.

MfeSE-yS*“P-JBfl.
Qatar "oantanj

Ths saponification valuo is on indicator of tho ootor
irm* of tho oil. Thore is oicnlfionntvaluo and ester oontcnt

W r —  in » •  — *•
a > - 1 .  m u —  u —  « •  in- «

lorvslo of W s’
 ̂ . r 1, not slgalflouit in those values.Th. effoo* of « » » » decreasing the ester oonteat

The effeot of * « “ r

highar
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0 the ohongeB In the ennymatio 
W-fihflP lervnl a i%<P n

Aa tha interval between harvi 
values decpftfloo,! _

and P20^

content Is recorded with tho treatment horvooted at 65 day
^  ^  both tho seasons (24*6 per cent In the monsoon 

aeeaan and 1y,6 per oont in the summer coaaon) • The eoter
content obtained in the uonooon euaoon io higher than that 
in uhe nu^^er acenon. Tho value3 with different intervale 
of harvoot ranged from 24*60 to y-j *15 per cent in the 
oonaocn so 3011 ond from \(j .5u to 351.96 per cent in the oinanor 
aoncon. The 131 re^aLre^ent for tho outer content of l.r'na- 
roaa oil lo ul tiiln the range of jA to 12.13 per cent. .. high 
03 tor c>jTlt _mt in the oil of nalnaroop. io not n deoirnble
ahnrj.ia tor ' nf ouch oilo aro given a lower rank for perfumery
purree. iov.ral workoro iuavu reported that tho oil of 
leaves and oton limd a lower ootor content compared to tho 
oil In tho Inflorooocnoo (Cupt ot al.f 1lJ70 ond Aliao, 1902) 
flair os al. (1>» o.)reported a high ootor oontont for tho 
oil ond thoy wars of the opinion that tho hlCh ootor oontont 
ha. to bo attributed to tho hlghor proportion of Infloro-

harro.ted -t full flowering otaeo. In fact thl.
«  one of the rea-on. why th. longest Interval woe fixed

, rt-Qaadt aaJo * 1 • * P « ,im* n t * G ontrnri r t 0  it 65 day* ^  ***• ^  . . . .«„ the pr«a*nt ilriV kha aotar oontant la
ihli ©xpaotfttl0*1# § «intarval batwaan harvoota lnoreoaad,
round to daoraa** •*

loanee
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Z  Z T " * - - — « —with infloreo cenoe inched.
The obaorration trial w  uhag ahown that the eoter contend decreased p r o g r e s s ^  ^  ^  ^

upto 115 daya. The reaulte Indicate that for obtaining oil 
with a low geranyl acetate content no aa to eatlefy the 131 
specifications, the crop hao to ho harvaotcd at longer Inter
vals o.. ruorund 0j r]aye. Tho recralto obtained in the oraeant 
study thon aonfom tho .findinja of ircrira and Fori (1^66) 
and Psroa: ab r.l. (1331 b). fariro and Dorl reported that 
the Gfltcrr vnluG record. od *nb the floi/crin^ rt.-i/jc v/au higher 
than that in. the lr.be floa’crLn.̂  :jb:yjc. The do obivjco probably 
corroapond to tho r5 day and j3 day hrurwot In terrain 
roapoot tvely of the olnarvation trial of tho nr count ctudy. 
Pareok at ol. (13-31 b) roA or tad thnt .jororyl enter \n j 
hi^hmt at tho conncnconent of flowering (PI .3 oent) 
and that it rloaroaf,od pro^aooivoly to 6*5 per ociiw cu tho
Late no'yliHf; ntw^o.

Tho oeotnto oontont obtainod during tho MX:or ooaoon 
U  comparatively lover than that In the aononon ooroon. Tho
low eater content In tl.e ouror noroon any bo duo to the

i ift„i«ni maturity by tho water otroso of triggering of phyolologioal neturi j
the earner season •

« « , « ,  CM50) » ^ r > -  >“ * *“  °1* *“
« U  had . 1 »  » . *  — —  *“  °“  ^  ,
...............  ..1 intaadoaad « • “  —  r.U.ia.1,
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higher oontant of eat«, „ ,
  • Ho hao attributed this to the

• aethods of SlatiUation followed in Indio whloh reeulte
in th. hydrolysla of the eater with a c o m m e n t  deoreeae In
th® ftofltato content t * i  » ____In Java tho methods of distillation
are refined and tho oil has a higher ester content. But 
in tha present study it haa been found that the stage of 
maturity of tho crop at tho time of harvest io ijrobably more 
important in dateruining tho cater content of the oil because 
results ooiiQlnod iroQ tho sioan diotiHation process adopted 
in thio study ahoua that the maturity of the orodecides 
tha extent of eater content of the oil.
Saponification value after aeot.vlabion

ba.i>onlflc3.tion value uiter acctylatiou con be teken 
as an Indirect leeasnre of total alcohols (ou geraniol) present 
in the oil. Zhece values ci?c not influenced olgnifioontly 
with different levels of i-» K or their combinations. i.o 
definite brand has aloo been noticed with different levela 
of IT, X9 K or their combinations. Goranlol and gornnyl 
eoetafco hav-o ohown a definite trend to lnorcana and dcorenoo 
respectively with Inoronoo In the lovolo of T>. >' end K. 
However, a .lollar trend hna not been noticed In tho sn>onl-
f lost ion value after aootylntlon. This poeelly Indloatoo

. hy saponification valuo afterthat total alooaol ae lndloatod oy v

tr.ntod by H«* levels. However uornnlol ooetylotlon le nnaff«°»«d By...j «.n, Cantrsry to thle Ihmel and
la seen affeot eloohol content of
Hakherjee (19U3) reported that tn.
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oil wo. lafloonoed by „ & p>

poni float ion value after aeetyletion la Influenced
algnlfloantly with different Intervale of harveot In both
MflflOllS • The 1ST M fltllnAniA-i - mreoenta for tills character ranges
fraa 266 to 200. The valueo lnoreosed an the Interval 
between harvests lnoroaosd from 40 to 45 days and an further 
Inure clog In the Interval, the saponification value after 
aeetylation decreased. The values obtained varies from 
276*1 23p.;> in the monsoon season ami from 277*7 to
234*6 in tho sunnsr season. There io no signifiaent difference 
in the valueo obtained by the harvesting intervale of 60 ond 
65 days. Purthor they ore unaffected by the ooaoon at which 
harvests have been done, vis.t tho summer or nonsoon season.

Tha values rocordod for tho oil obtained at tho 
ahortor intervals of harvest do not conform to the 131 
■paolflcations. lioucvor tho valuoo recorded with 60 end 65 

day Intervals arc In oeroeaant with the Ibl requirements in
both tho saaaona.

As ths interval Increased from 65 deyo In tho obser
vation trial tho saponification value of aootylatod oil

„„ further and tho voluos reoorded by all la found to doorcase furtnor
-   at and above 65 day* aro within thatha Intervals of harvest at

131 Holt*.

T°ta»t A q gflgl , U d aa g*ranlol ha. not ahown

” “ i ■ “ i r s n — — -  -  v , .  v■lcznifLeant
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interval* of harvest

with different treatments* Though 
significant diffnv̂ v,„- _

«®a oonblned alcohol with different treatments, no 
significant dlfferenoo In total alcohol content oould be 
obaervod. This Indicates that the capacity of plonto to 
eynthcelo total torpene alcohols appoar to be unaffected by 
the Dnmxrial and hnrvGot treatments*

duruji ond uukhorjeo C1902) reported that a {_p?cdual 
lnoroaoo In total olcohol content hoo boon obaorved with 
increaain^ lavolo of M and P205* Application of i; ond i 
at 60 kc/ha lino recorded tho hichcot corcniol content of 
50.5 por cant aa â 'ainat 90.5 por cant in the control 
Karlra and lari (11)66) reported that bho total alcohol 
oontant wna lii^or in tho floworins oto^c than in the late 
flovarin.j ata^c. Thoy hcrvo alao roportod that tho total 
aloohol in tho 1/5rd top (mainly infloreocanoo) was higher 
than that In tho 2/3rd bottom portion (loaf and oton). But 
w m y  other workers havo roportod that tho floworo hod a 
low total aloohol oontant than tho loavoo (Gupta et al..
1970. Gupta at al.. 19011 Alloo. 1902)-

... flLinn for total aloohol la a minimum Tha 131 gpaoiflootion ior
traluos obtained for all tho treatmontiof 90 per o«nt. Tn*

th. 131 .p.olflontlon. When th. Interval i n  u.ll aborvo V U  IJ ^ko 155 day. in «>• o»..rvatlon trial th.
lncrsued fron 65 «„trend with inor*ae* in th*
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intervals of harrow

further strength^ 
•loohol oontant 1 . unaffected *  th, 
Pres alcohol

alcohol content during both the o g q d o z i o  ore 
influenced by h and P lovols. Ao the II levels Inoreaaed, 
free alcohol oontant inoreaaed and the valuoo at 75 and 50 
kg rr/ha are on par and are higher than the value at 25 kg 

^&1d observation is further corroborated by the low 
saponification voluo and acetate contont Qt higher levela of 
IT. Higher geraniol content with increasing IovoId of M was 
reported by Hozarika et al. (157U). Ilon-olgnificant response 
to different levela of II on geraniol content had been
reported by 3Ingh et al. (1rjnD.

Proe alcohol content io increased with increaae in
levnla of P in both tho oeaoon3 and the alcohol content at
75 and 50 kg PpOr/ha aro on i>ar and higher than that at tho
lower levnl of F205 In both the ooaoono. Inorooao In the
gemniol oontant with lnorooolivj lovolo of V too boon
reported by 3lnflh et el. (1901).

(U8her eloohol oontant at hietor lovolo of n and P
m v  be dn. to lnoreo.. In woo eneymotlo activity.

eloohol 1- not lnflu.noed with aifforont level.
of k o. But fr.. eloohol content et h i ^  level. of K20 

2 , htA-_ thete* 25 *  KgO/he. th. ottor
* ”  ■ 1 1 * h t ^  ^ ( 1 9 8 1 )  r e p o r t  e l  thet .ppllo.Uan of K
hand, 31n«h •* •X" < 9
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brought about a poaitiv « .
■iguifioant inorease in geraniolOfur control.

••ignifioant response to application of N, P and
K whan applied eimzlv n>. r in combination has been reported by
Pareek et al. d 981 a)#

7310 np ^eraotion is significant in the summer 
season and tha highoot value io recorded by n^p^ in both the
seasons. Gupta et al. (ID00) oboorvod from the analysis 
oonductod with oils obtained from different tracto in 
tfaharaohtra and Iladhya Pradesh that the palnaroco. {jraea with 
superior quality of oil occur in tho foroot ron^co whore tho 
soil was more fcrtilo.

Tree alcohol content of oil io found to ircroaoe on 
the interval between tho harvcote inoreaaed. The 65 day 
harvest interval ranked firot in both the oonoona. The 
inoroase in tho geraniol oontcnt with increooo in the interval 
of harvest may bo duo to tho inorcaoed aynthooio of geraniol, 
due to tho bronkdoun of goranyl non bote with tho liberation 
of gornniol and utlUootion of aoototo for enorgy rolonoe or
for wmthoola of nore gornniol.

Th. nnalyalo of tho oil derived fron tho observation 
. . froe oloohol oontont lnorooood further withtrial shows that rroe cu-v

. * ^ni. unto 115 A W  * *  thereafter it inoroase in the intervals up*

dear eased slightly* aoetate during the earlier
Th. high o o n f t  of 

_  , ^aht b. prob.bly du. to th.
Deri ode of grown



esteriflcation of  oohol (geraniol) to ensure safe
storage of the produot i„ tv. . tha form of acetate. But es the

Btfirts Qi70ljip 4.urtt acetate gets hydrolyeed aponta-
ncoualy with a corresponding increase in the content of 
free alcohol.

i*̂ 3ult obtained in tho present study is in 
agrcenont with the findings of Pareek et al. (1931 b) who 
repor-eu that tho gercniol content increased progressively 
froa ooa-iencemenb of flowering (70.6 per cent) to late 
Hooding stage (87.5 per cent).

Tut Karira ond 3eri (1966) reported that the geraniol 
content in baa lata floworing stage uas lov/er than that in 
tha flowering stage. Viraoni ct al. (1'Jo7) reported that 
tha fra a alcohol content increased as the interval increased 
from 1 2 - 1 4  weeks (7 1 .6  per cent) to 20 weeks (31.7 per cent) 
and with further incresoo in the interval go ;>6 weens 
(7 3 , 7  ,jgt cant) end o0 v/oeko (74«9 Pcr cent) ulie free
nloohel content decreased.

The froa alcohol content In tho cummer so-won Is 
oonpomtlvoly higher than that In tho monsoon eoocon. The 
difference In the alcohol oontont In tho summer and monsoon 
eoasann Indicates that operate Intervale hove to ho fl,cd 
in nonaoon a *  — «  —  for ohtnlnlng 101 edified 
geraniol content In the oil. Thu. In th. meneoon eeo.cn

longer Intern*. ^
_______. the « « «

2 9 3
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combined Percentage of alcohol which occurs in oil in 
form aa eate^ _ .rQiorred to aa oombined aloohol. 

followed the oaoe trend ae that of the ooter content.
Combined aloohol i0 indicative of the eetor content of the
Oil.

The oonbined aloohol at 50 ond 75 kc ll/ha io lower 
then that at 25 k£ Il/ha in both tho ooooonB. Sioilar rooulti 
have boon obtained for different lovolo of P205 oloo. 
Different lovolo of KgO have no aicnif leant Influenae on tho 
combined aloohol ond no definite trend hao oloo been noticed 
with increase in tho levela of Ko0. Tho interaction botucen 
77 and ? io oi^giifleant in tho ounnor oeaoon and the loucat 
valua Io recorded by ^  both îlG ocooono.

Conbined aloohol in tho oil docrcaoed significantly 
as tho Interval between tho harvoato inoreaaed unto 65 daya 
in both tho aoaoona. Tho obaorvation trial conduoted ohowod

r~

that tha vnluao dooroaood proaroaslvoly upto 115 doyo and 
thereoftor it shoved a trand to lnoroaoo.

nnnlvplP.
X«B£

Oeranlol oontcat
Analysis of »*>« oil eaaplea obtained in tho eumnor
, eh. oaoond year ho. ehown that different level, season in ths seoanu or

„ , „  no. influenoed the Geraniol content
nr n p 0. or K„0 hove no. "

,iv But inor.es- I— *  •* »• V s  -  V
slgnlflonn • ported hl*h«r value, then at

, . to ^ O r t i t y  with the trend obeerved
29 kg/ha. Thle is to <**“
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cubical analyai,
Garaniol

.... *8 ■^gaifloantly influenced by
interval, of Harvest. The hlghaet value (64.6 

P«r oeat) 1 , recorded with the 65 dey Interval and it 1.
■igni oantly eu peri or to all other stages. Similar reeulte 

e«n obtained in the chemical analyeiB also. The 
lowest value la reoorded with 55 day interval (55.6 per cent) 
and there ia no significant difference between 45 p 50 ond 
55 day intervale. The ohorteot interval tried viz.p 40 deysp 
has recorded higher value than thooe troatuento. In the 
ohamlcal czialyoiap geraniol content increaoed progreaoively 
with Increase in the intervela of horveat end in the GLC 
analyaiap geraniol content decrcaced when the interval 
increased fron 40 daye to 55 dayo and thereafter it increased.

GLC analyoia of the oil samples colleoted fron the 
oboarvation trial with highor intervale hao ohown that tho 
geraniol content inoreaaod upto 115 dayo ond with further 
lnoroaoo In tho lntorvnlo of hnrvost It ohouod o tondanoy 
to deoroaeom Tim ronulto obtained aro In ogreonont with tho
raault. of tho oh*ulonl onalyol..

Tho valueo obtained In the OW mnly.lo aro lowor
t h m  t t a t  o b t a i n e d  for free alcohol content In the chemical
* 0,*.. similar r.«lt. —  «— •- *  *U o * <««>.

in. to th. hydrolyel. of e.t.r. taking 
This nay j*rhap« b® a"  nf fpift ulnnhol.

m
■aln
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_ _ * * aignlfleant. But at higher1«T«1* of Nt p o azkl K n
.. . . .. ** 2 ▼slues recorded are lover thanthat at the love at

a. Similar trends have been noticed 
In the chemical analyst too.

Interactions between H and P and n and K cure signi-
*icsnt. The loweot valuo of geranyl acetate io recorded

an^ n3̂ c3 levels •
Tha acetate content of the oil io oignlflcantly 

Influenced by different intervalo of liarveot and the acetate 
consent !□ iound to decreaoe aa the intervnla of harvcot 
Increased • The laweat acetate content ia recorded at the 
oniisim Interval of 65 dayo CH.9 par cent). The oil 
obtained at all other lower intervalo recorded olgnificcntly 
hlghor levels of nee into. Thio is in agrccncnt with the 
results obtcJLnei in tho chemical analyoia. GLC! analyoia of 
tho oil 3arv leo collected in the obnorvntLon trial alao 
■how that tha acetate oontent dccrcaocd further aa tho 
Interval lnoranoa.1 an a the lo-.aot valuo lo recorded at 115 
d»y0. Thin also nliowa that „  In the ohemlool annlyolo, for 
obtain Inc oil -ltUn tho 131 opacification* tho Interval 
of hwvaot haa to bo inoronoed to 95 dayo.

jjjo acato‘.« content recorded In the O M  onnlyol.
. , Hun tliot in obomlonl methodo. 31nllarhowever IfJ lower tiian

V reported by *u». (1902). Higher valu.. ffliulti Jiqvo boon r®i
. r c o o r d ed In chemical .mly.l. M y  p.rhaP.

of gornnyl *eo a. t rB 0thw thon geranyl .o.t.t.
b. da. to tho pr®**"0* ot “
In th. polnwooo o11*



2 9 7  ’>

I n f l u * n c ® ° f  H a m  x ,
a i. ^ significant in tha geraniolylsld in both the ve«^- a

111 total yield for two years.Dure ie no significant, difference in oil yield due to 
different levela of N and K and that may be one of the reaaona
for the non significant differenoe in geraniol yield due to

•it levels of n and K. As regards the geraniol oantentf 
Q^^eot of 11 is fllgnifleant in tho seoond year and geraniol 

oontant inoreaaed with increase In the level of IT. But this 
is not reflected in the geraniol yield. Different levels of 
IgO hao no oignlfleant influenoo on tho geraniol content of 
the oil olao. Thoroforot tho non significant difference in 
gsranlol yield duo to different levels of KgO oould be 
tzpeoted.

Geraniol yield inoreaaed with incroaeo in tho levels 
of P̂ Oj- rm/l the differonoo io signifioant in both tho yeara 
and in the total yiold for two yoara. Thoro io significant 
lnoroQoo In tho oil yield at hlghor lovolo of P£05 In both 
the yoara. This lnoroaood oil yield at hlghor lovolo of P 
.long with th. hlghor geraniol oontant of th. oil la th. 
M u o n  for the algnlfloant lnoroaoo In th. gomnlol yield

st higher level*
Iaoroe.. U  th. Ui.m-1 of huvut lnor.u.d th.

* * 1 0 !  yl.ld « "  — U  ” 00rt'a
i lnor.M*» oil yloU, •• ^  “  lnor..Md st *5 dsy intsrvsl. inoTm

   v e *  W — >■ "  " "



sbrloualy contribute .
Th. Ob8«TaUon * * “ ln“ 8“ ad e8r“ 101 y l' U * 

hamr...  oonduoted with Intervals of
h*rve*t varying from 55 to i v  a*  "  days has shown that tha

yield allowed nflt «, v a.*̂*®h difference as the intervi
between harvest a increased fw* cR * «=eas d from 65 to 05 day a and there*
It ahoved a decreasing trend.

293

Increase in tho level of N application fron 25 to 75 
kg/ha increaoed the IT oontent of tho herbage Bignificontly 
in the first year. In the oooond year also, though tho effect 
la not significantv inoreaoe in tho lovol of IT ehowod a trend 
to Increase tho TT oontent of tho planto. This io in agree-
■ant with tho findings of thins! and Mukhorjee (1982) and of
Para ok ot al. (1983) whor have reported, ineroaoe in the II
oontont of paloarooa plants with increaoing lovola of II 
application* Qinilar reaults in Java oitranella and
lemongr-.. hare bom reported by Bonmagowda (1970) and Raj on
(1902) roapoQtively •

Th. H oontant of the herb«ge In th. flr.t year le 
higher than that In th. .ooond jmr. Thie may be due to th.
tat th*t th. ,1*M p*r h.otare in th. flr.t y.ar 1. very

.eaand yaar and tha low N oontant low oomporvl to th*t In th. •«<>
_ an# to th. dilution effoot.

la th* aaoond J” * b*- w n hava no aignlfloant influanoa

on tha &
rcr<u* +„ Th. » oontmt d.or.aa.daontmt of th.
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with increasing
vjnnTLn.i k 2 3* Similar results have beenreported in

^  Par«ek et al. (1983). Dry mat' 
eaaed alenlfloantly with Increasing levels of

—  the consequent dilution effect might account for the low
However this result lo not In agreement with the 

findings of Hunsl and Hukherjoe (19Q2) who have reported
that increased lovolo of P,,og lnoroaood tho II contont of 
pelnmrosa.

Different levela of K20 have not influenced tho IT 
QonGan.'j in both tho yeora end tlje neon value for too yeora. 
Pare a: a: al. (TjJD) alao reported that application of KgO 
did not bring about any algnifieant ohango in the II oonoant 
of pnJjiarojq crop. 71 oil or roculto in leuonjraoo have been
reported by lojan (1712).

the interaction botuoon 7 and iJ in significant in both 
the yoara ê id n̂ P-j hao record ud tho liighcot v^lue.

An tho Interval betuoan tho horveatn inoreaaed tho V. 
oontant decreased significantly In both tho yoora. Ihio 
Is In agrement wlth tho obocrvntlon of tnjall (1ju2) who 
hss rsnorted that tho B content In polDorosa woo high at 
young and l®atnro stage* and dooreosca with Increasing 

teity. Tho B c o n t o n t  for the different Intervale of

2 9 9
0

hsrreafcIHTQUb - «

, e ™  1 010 10 1.190 ln tK* °°00Dd y0QP-
1 * . of grnsaaa with lnorens. In cutting

r - s  d.oronao in  * — * - *  * ........ ahM 51„ _

interval ***** w~—  . . iqf*).
,070 and K w e d U  at al. 19*). 19591 Thomas • 197° «
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® “  ? «  tha herbage
influenced bv  . .

shoved a tendency to decrease the P 
oontent In both the yeora. sinilor rooults wore reported 
in palnarosa by Pareek ot el. (1903) ana ^  lemongraoa by 
HnJ ( 932). On the other hand ttunei end Mukhorjee (1982) 
reported that P content of palmarosa incrQaoed progressively 
with Incrcaso in tho lovolo of II,

fho concentration of P in planto io increased signi
ficantly by ^ ^ 5 supply in both the yoaro and the P content 
at 50 ond 75 kg P^O^/ha arc higher than that at 25 kg/ha.
3inilar results uoro reported by Ihmoi and Mukhorjee (lyt>2) 
for Tftlnamnn. Inorcaoed application of *2^5 increased tho 
rata of absorption of tho olencnt wliioh rcoultcd in higher 
concentration of P in the herbage. On tho contrary, » orcek 
®t al. reported that inoroaaod lovolo of ^2^5 n0

■ignifloant influonco on tlio P contant of palaarooa.
Different lovolo of KgO have no oignifioont influonoo

on tho P oontont of plant,. Sinilor reeulto were obtained
-  h., ptf5rt at el. (1W3) ond in Java oltronolla in palmnroea by *aree*

by Bonmcgovria (1970)*
In both the yaaro tha P oontent d.oraaaad on th.

. inoraaaed. At tha young and lnnatur#

atagaa it la ra ^  meturlty (Anjall, 1962
tanlanoy to daorea* with wor
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obtal

-ith the fIndia™ ofv,„ '“ «■ of Vioente Ghandler (19'
Kothandaraoaa et al. (197,1 .' V1y*3) end of Thomas

guinea

•re“BUle lOTel° of II froa 25 to 75 kg/ha has not 
influenced tha K oontant of tho plants sienifiocntly.
31allar reoulto have boon roportod by Parook ot al. (1903).
In the Qaan value for two yoare the K oontont io found to 
deoreaao on tho level of I] incroeoed. Thio io not in 
oonforoity with tho flndingo of ilunoi and Ilukhorjce (19U2) 
who have reported that the K oontont of palnarooa plonta 
Increased with increaao in the level of II. On tho other head 
BoaQQppwda (1j73) roportod that increaoe in tho level of N 
application hoe not inoreooed the K oontent of Java oitronella 

Different lavolo of P2C>5 linva neither ahown any oicni- 
floant influenca nor any definito trend on tho K oontont of 
tho plants In both tho yoaro. 31nllor results In palnnrosa 
havo boon roportod by hnreok ot al. (1903). *1 tho other
lwnd Munal and Mukharjoe (1902) roportod that the K oontont 
of palaarosa plants inoraaaod with Inorooaing lavolo of

Inoroaaa in th. level of K20 has Inoroaeed th. K
in both ths ysoru. This is oontra-

aontsnt of th* . nf Parssk ot al. (1903) and 
diotory to ths fin* , . .

.. /,o7B) in th.li- atudla. -1th paliMro.. and Jar*.Bonmagouda (1970/



'1%h inflroa«in« Interval

Is to a largo extent due to the greater biomaoa production 
and consequent dilution uffoot.
Calciuc content

Caloiuzi content of tho planto io not oipnificantly 
lnfluancoi with different lovelo of IT in both tho yoaro. 
3inilar rooulto have been reported by are ok ot rJL. (1JG3)
in poloarooa.

'liriior lovolo of P205 have recorded higher valuon of
Ca than for tho lowoot lovol of PgOqt v*z,» 5̂ kg/hn. in 
both tho yooro, but tho dlfforanooo oro not olgUfloant. 
Sinilor rooulto horo boon roportod In pnlmcronn by iarook

et al. (1QB3)•
7)1 ff 

on ths Ca 
et al. 0 9  
plants eha
with inore--

Differ®** In °f h*rT” t h*” n0 •l8nifl0“ ‘



tn.flnenos on tha Ca QQtlt
,,u Tc*-. . °* orop in both the years.

_  . " • Salfi0ant “ ««wno, in th. mean values forthe two years and in ,ffsneral it tended to decrease as the
inoreaaed. Almost the same trend 1b notioed in 

both the years. Deorease in Ca content with increasing 
in arvrala of harvest in guinea and hybrid napier graasea tmq 
been reported by Vioen o Chandler, 1959 ond Vilaipol. 1967. 
But Kothandaranan ( 1 9 7 haa reported an lnoreaae in Ca 
oontant uith increaoe in tho cutting interval in guinea 
grass.
Ka^neaiua content

Different lovolo of IT influenced the ilg content eigni- 
fioantly in both tho yooro. liognooium contont inoreaaed 
aa the lcvola of II incraaood. Llignif leant inorecxjo in the 
Mg content of paloarooa by tha application of N haa boen
reported by Pare ole et al. (19G3)*

Difforant lavolo of have no aignifioant offoot
on the tig oontant of tho plants. No doflailto trond has

, in thn M/7 oontant of tho planta with also bean shown in the ng ounuui*
+ v n nimilnr r ooulte have been rox>ortod different lovalfl of r2u5'

by Pareek ot nl» 0985)-
1(g oontant io not .Ignifloantly Influenced by

, . V O  Thl. !■ with fU« lne’tbs level of K2°* 
nf p_THB-k si. (19B5)*of Poraak ,-moant dlffaranoa In tha Hg oontant

There !• 110 oiv*1.

3 0 3
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* *  W * trend lB fo r  the °f  ^ 88t 1,1 “ « *  *»“ •
j_ ™  oontent to d a ore as e with lnoreaae
In the In terva le  o f harvest i ,  ♦„

11 ^ha seoand year and in the
° eBn 1188 f °r  tuo also the some trena l a obeerved

th e  d ifferen ces  ore s ig n ifica n t. Similar re su lts  In 

fodder grasses have been reported by Vicente Chandler

Howovur on Inoroase In Hg oontant ulth Increase In 
cutting Interval una observed In guinea grass by
Kothxmdarncazi ot a l .  (1973).

Uptake of nltrojan

Application of IT at 50 pad 75 kg/ha kao recorded 
oigniflcanbly higher uptake than at 25 kg U/ha in both tho 
yoora and there io no oignifiocnt difforenoc bcbuocn 
applianbion of II ab 50 and 75 kg/ha. Thio inorcaoo in the 
uptoko at higher lavelo of IT io direotly rolabed bo bhe 
higher per cent ooapooibion of II in tho herbages and duo to 
an lnoroaao In tho dry matter ylold at hlghor levels of V • 
Increased uptoko of U In palnarooa with applloatlon of II has 
been reported by faro ok ot al. (1903). 31 uUnr results
in  Java oitronelln vers reported by Domnegovda (VJ70) .

i MT.ia of P„0_ the uptake of tl with lnoreaelnc le v e ls  01 p
. the years but tho difference lo elenlfl-lnoroaoed In both the yo«*

.Mr, Thie lnoreased u ptake Is
cant only Ut -  —  yield  th r^ gh  p

■alnly due to ^  ^  l.T.1. of he. lightly

”  I T —  — — - —

yith different



J a n  aitrcneiia bv tv—
•ignittoaat ohmge j- th * *  (1978)’ the 00ntraI7* n0
on palaarou hsa  __________________^  applloaUon of p2°5

Influence of
f leant In ths first year, in the seoond year and in the 
total for two years, uptake of tt lnoroased with Increasing 
levels of XgO and tho differences are significant. This 
lnoroased uptake at higher levels of K20 io due to Increased 
dry natter yield and higher per cent composition of II in 
the herbage at higher levels of KgO. Contrary to thio,
^ftrsek et elL. (1903) ond Domnegowda (197 )̂ obtained no 
significant difforonoo in the uptake of IT in polnnrooa and 
Jeva citronella respectively with increasing levels of K2°*

As the Intorval between hmveota increased, the II 
uptake increased in both the yooro. iiaxlnum uptake io 
reoorded by tho longeot Intorval tried in both the yoora 
and IS la significantly hlghor thnn that of tho other lntoi- 
vals. Though tho 'J oontont of tho horbogo doorooood no tho 
Intervals Increased. tho uptake. lnorounod aalnly duo to on 
increase In tho dry ant tor yiold with Inorooood intervals

of harvaot*
nytric. of phOffliifegrBa

tnlrn lB influenced significantly by th. ITio.phorun uptake i. ^
v.or. Horlmxi uptake la r.oorded l«rol of ft in the firs* J

W, t I. U  on P*f -1th 25 k« H/ha- Tto 
at 50 kg H/h*. tQ dry matter produotion
uptak. at 50 k« r'/h*
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lavela
*“ 13 Kg N/ha as the dry matter 

yield 1b also low at this leroi tJ-evel, in the eeoond year ymd in 
tal for two years there 1q no significant difference

in the uptake of P. Contrary to this Bomegowda (1978) and
Pareek et al. (1903) reported that there was significant
inorcaao in ths uptake of p at higher levelo 01 N in
Java citronella and palnaroea raapooUvely.

Increased lovols of ^2^5 n̂nT%n‘̂ r*'̂ the uptake of P
In both tha yearo. Application of Pg05 at 75 kg/ha has
recorded the na::ioun uptoko and it io significantly liigher
then that of the loueet level of ^2^5 ^  b00*1 yQnro*
But there io no aignlfioant difference bstucon 50 and 75 kg
PA/ii^. Increased dry matter produotion, ao well ao 2 5
Inora-uori . oontont at highor lcvolo of ±20? have contri
buted for tho lnoroancd uptake. On the othor nand, no 
algnlfloont otaanco In tho uptake of r with inoronaod lcvolo
of f O r haa boon roportod by rorook ot al. (19u3).

, r o la aloo alGnifloont In tho uptoko ofInfluence of k2u 1
P. Tho hlghoot 10V01 Of K20, vl,.. 75 ke/ho raoorded tha 
„ llnum uptok. in both tha Appllootlon of ^ 0  ot

„wi.a tha lowoat uptoko. Tha hl(}he0t
9 0 kg/ha haa raoordad

d i. ot 75 k« K20/h» —  tol- !■ au8 t0 th‘11wli air A ? ifl O* * ̂ 2
.tier production o. wall -  high P oontant 

inoreeeed dry ^  other two lerela.
- .« eompered 10et thie lerrel# *■ D



Hen ■ignlfiomt o W ™ ,  i„ ^
E20 was rsported by Paw v UPtQke’ “lth oppUoaUon of2 by et al. (19Q3).

The uptake of p ia ^uspeaoed with lnoreoeing interval aof harvest • Thcrujzh d content of the plants decreased 
M a  in the Interval of harveet, the uptoko lnoreased 

es the interval between harveoto lnoreaaod end thie is due
to the inoroaoeti dry natter produotion at higher intervale 
of harvest,
Uptako of ootonnlnn

ihc djjtjuzc oi k is influenced by different lcvelc of 
!T only In she first year and V. at DO kg/ha hue recorded the 
highest uptake (10J.61 kg/ho.). iiic high dry nat/ter production 
along 'cD,tii the high V. content at this level night have 
oontrlbutci for the observed higher uptake.

In the second year, the uptake is not influence ' 
significantly with different lcvelu of i:, though higher 
luvola of C too rooordod a ollghtly higher uptake.. In the 
dry Eat tor produotion. as well on in the K content of the 
herbage, ttora io no nlgnlfloant difference with different 
lovola of H. Contrary to tide, algniflcont inorcano in the

It ultta “ ■ “°“  m 0 r , “  “

bv Boomogowda (1970)*
by Ho® latJamuua Blgnifloontly with dlffor.it

Uptake o * «id in tho total for two
.  B n in  fcha fix** y 

of V ,  to r.eordod at 75 kg P ^ /h . and
Thm maxiwm u p w

307
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tha loveat value l* ^  ^
The laoreaaed u p * * ,  * . *  *  25 ** b° t h  th e  y e a ra -

y a w  la mainly due t lOT818 °f P2°5 ^  the flrBt
° higher dry matter yield at higher

Though the application of p ^  ^  kg/ha reglatar£
the highest dry matter yield tha aeoond yeap ^  K
content is Q0 low that tho uptake of K ia also rather low 
during this year. Thio might be the reason for the look of 
significant difference in uptake of K between treatments of
*2^5 ^  aGC011̂  year. On the contrary Pareek et ale
(1983) reported that there v/ao no significant difference in 
tha uptake of K with application of P2°5*

’jptoko of K is lnorcanod significcntly with incroaae
in the level of Ko0 in both tho yearo. This is mainly duou
to tho increase in tho K content of tho plants at higher 
levels of K 0. Tobol uptoko for two years increased from 
232.00 kg/ha to 272.32 kg/ha aa the levol of K20 increased 
from 25 to 75 k«/ha. Contrary to this i'arock ot ol. (1985) 
and Bommogovla (1-70) roportod thnt thoro usn no slsnlflonnt 
-variation In tho uptako of K by pUmaroaa end Jmrn oltronolla
rs.pootlvel.7 with lnoronood lovolo of K20.

nptako of K lo nlao Inorsnnod almost procroaslvoly
th- lntsrvsls of harvest from 40 to b5 days, 

with inaroaa* I*1 ,. .. for two yoor. 1. reoordad by 65 day.
Tho maxim® "P ,lgnifloently euperlor to oil other
(337.70 k*/ha) r80ordod by 40 day
treatment. • The lov«»



« »  W>ii« “ •"•I “
. 118 luoreaae in the dry matter yield

1 “  i n . ™ ,  *■
Uptake of npioi,m

Increased levelB of it Increased the uptake of Co aid 
the aaiinua uptake la recorded by 75 kg Il/ha in both the
^  ̂̂ t̂g/ha) • Inerenno In the Ca content cf the plants
ia mainly reoponaLblo for the highest uptake at thio level.
T-B-C— uptake of Ca witli application of II in palmnroaa
haa been reported by -J ore ok ot al. (1903).

Cclciim uptake ia Incrcnccd significantly with
Jjiercaoing levela of ^2^5 ^otil yeoro. The maximum
uptake of 4 7 .0 kg/ha for two yeara io recorded by 75 kg

Qc/ha and it io significantly superior to the lower levela. 2 5
Cale 1 uni content of the herbage at higher levela of -2^5 

higher then that at P5 kg PgOj/ha. Ihc increased Ca content

alcn£

3 0 9

intervale (225.20

of
of Ca.

no

UbbUlî  Vi-*- Wll -----
?20r have contributed for the lnoroaood uptake of da

Contrary to thio Paroek ct al. <19b3 > observed
i.ho uatoko of Ca by palmnrooa, with ■lgnifiaenfc obnngo in the up*

higher level- of p2°5*
-  .  _  i n f l u e n c e d  significantly with differentUuteke of ba *■

. first year a n d  in the pooled data forv _ nf v 0 in Jlevela of 4  la 1,oordtKi at 75 kg 4 0 /taa.
 __________ a^un th e  maxi®® u^ h

Though



“ * lnfla* 108d •iffUfloantl, „ith dlff t , , ,CgO, the dry natter ^  aifferent levele of
hl^„. notion end Ca oontant at 75 k8 KgO/haare higher than that flt *>,„ , , 2

0wer levels suggesting therebythat Increased uptake of*f Ca °oonrred at 75 kg K«o/ha.Pareek at al. (iqrm 2
observed no significant change in the

uptake of Ca with Inorooaed levola of KgO.
Cololua uptake la influsnood oigaifioantly with 

llfferant Intervals of harveat In both the yeora. tlaxinun 
aptoks io recorded with the treatment harvested at 65 day 
interval in both tho years. Though the dry matter produc
tion is increased with increase in the intervals of harvest 
in both tha years, uptoko of Ca has nob ohoun any d of ini be 
trend in the first year, clue to lack of any definite trend 
Ln tha Ca oonbont of tho herbage with inoroase in tho inter
nals of harvest. While in tho oocond year and in tho total
for two yours, uptake of Ca inoroaood with inoroase in tho 
Intervals of hnrvoot and thio lb mainly duo to tho lnoroaaod 
Iry cmttor production at 11 Char lntorvalo of harvoot no tho 
a aontont deorenoed with Inoroaalnc lntorvalo.

Tp-frnlcfl Of Oh/nooljjs
*„v« la lnfluanood nlcnifloontly with Mngnaol® uptoko la mix

, . of n and tha uptoko at 50 ond 75 k« H/haUffsrant lovolo of « ■     ^  ^  ^

a
j

W , ‘ ^  thi, M y  b. th. rflo.on for
nnron.. In « -  I**®1* of "
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«*» laOWMad Uptak. nf w
uptake of Hg witj. "* l t m U  ot N • InoraaB8d
P . W e a n e d  levels of N wag reported by
Pareek at al. (1983)>

cation of PgOj at 50 and 75 kg/ha haa algnlfl-
oantly increased uptake n-r h™Pubkq Of Mg aa oompared to that at 25 kg/ha
la both the yeara. n a B inoreoaed uptake at higher levels

2 5  s Qalnly due to the Increased dry natter produotion 
at higher levels of PgO,- os the Mg content is neither 
Influenced significantly nor did It show any definite trend 
with Increase in the levels of PpCh. No olgniflcont change 
in. tho uprtok© of Mg with application of P has been oboerved 
by Parcel: at al. (1 9 8 3).

Different levels of I^O have no influence on the uptake 
of rig. ? hio could bo expected ainoo application of ^ 0  has 
no offset on either the dry matter ylold or on tho content 
of magnesium in tho herbage. Similar results ha*o bean
reported by Parook et al. (1 9 8 3)•

Magnaaino uptoko is influenced significantly with
different stages of harvest In both tho years. la general,
the uptake Increased a. the interval increased in both tho
ysars and the uptake at 65 day Interval lo significantly
higher than that at th. ether interns in hoth th. years.

, .t higher Intervals of harvest isThe increased uptake

u n l B t  Is 1 W  ** L'""rTn1"'
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• • . 152.3, 26.4 and 25.0 kg/ha.

*«TOted that the uptake of K 
*h uptake of other nutrients and 
» pi K( Ca and Mg ia 94.8, 22.2,
& respectively. The corresponding 
present study in the second year are

Soil analvala

No significant difference in the total N content of 
the soil with the application of n, P205 or K20 at different
lavels oould bo observed. However, plant uptake of n has 
bean observed to increase with increasing lovols of II, P205 
end KgO. This has to bo attributed to the direot effect of 
increased application of N, and due to the indirect effect 
of P and K application on II uptake. Phosphorus and potash 
application aro known to profoundly offeot root growth and
canaocjuently the uptake of II from the Boil.

Different intervals of harvest have been obsorved to
influmoo significantly tho H oontent of the soil, nitrogen 
oontont of tho aoll at higher lntorrolo of hnrvoot nonoly



DU. remcrral 
treatments with l—  lBP0«rieha. the soli In the 

* * *  baW8Bt Nervals.Different leveln 
, ° N 0111 K2° httve n°t significantlyinfluenced the p o .

of the Boil. Increased levela
PP oation aignifioantly increased the available Pp0,- 

content of the soil. 5

Harvest intervals oould not significantly alter the 
?2°5 cantant of the soil.

Available Kg0 oontont of the soil has not Bhoun ony 
difference with different levels of II, P, K or different 
interval d of harvest.
Path analysis for .vieldo-herbage, oil and rcraaiol

Yield of herbage and yield of oil being the two n?jor 
quantitative porooebera expressing econouLc yield of the 
crop are subjected to path onalysie to identify the direot 
and indirect offcoto of tho factora which ore significantly 
aaooclatod with thcu. Gorcniol yield, houovar io a quanti
tative M  well ao a qualitative paranotor. Tho attrlbutoo
that control goronlol yield outonatioaUy control tho

}f oil tOeo. In Tlow of tliooe, faotoro oorrolatea 
_ . ni an (rub;loctod to path analysis.

313

quality

« o  ** « *  "  “  -a mi lrlnld of hnrbniZO
ol.ar that tbs aaala*

v kvim hslfiht of the plent ia through tha
i-i/i Lm fLtxl*13* inf111*110 herbage yiald *■
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p lan t* Tha ooprelmtir*. v

bartage yield i. 67 atW9an ^  hei8ht ot *lant “ *  
lnfliim.,.. » eent‘ From rasolts on tho
. . t .° Mtrleat° 011 thia factor viz.. the helghlof plant (Table Uo.2} i+ «it la seen that P-O- at 50 kg/ha has

the m n x w  and eignifiaant effeot ^  ^

of the plant. Increasing the interval of harvest has signi
ficant effect ae increasing the height of the plant and it 
io dsjcIljLl- at tha nmxiEun interval of 65 doya tried in tlia 
two year e:q;orinant. The rsBponoe models fitted to tho four 
year data on herbage end oil yield ohoueu that the optimum 
harvesu intarvol io 62 doyo for herbage yield and 65 dayo 
for oil yield. So it can bo ooucludcd that opliiuua yield ia 
obtained D-at./een 0O-C5 dcy intorvalu of harvest which 
aynch ronino with the attainment of Qccciiuuni height.

dovan par cant of the oorralation io accounted to tho
indiroot off oat o via tiller number and length of inflora- 
oooaca. Ac tho matter of tlllore Increase the total length
of plants contributed by tho enhanced matter of tillers

, 1 ♦ hnr. in ronoral, as tho tillorais obviously hlga. ?urMiar# in gui
^ - r>r Mllcro with lnfloraaconoe will olooinoraaoQ# tha number of micro

anaIn the total length of lnfloreaoanoe oontri- JLnoroaflOa Again tno
inflorooaanao happano to bo higher.

bated by fcillora with lnx
. .rfeota of blUor number and length 

Th* ob««rvod lndlraot
^oBBibly due to the 00 oneoto. 

of i n f l o w  scans « liller numb.r and the horbaga
m #  oorral^tloti



315

«  . u T " 1 21 ~  1 1
i * * ™ * . « . «  ta.“ *r

the Plant. The lndlroot effeot 
^  l6Dgth 0f Wloreaoenoa 1B negligible. The 

significant contribution made by tiller number on herbage 
yield is nuch relevant and understandable.

The direot offeot of the length of lnflorosoenoe 1b low 
(0.0202) though the correlation between longth of inf lore- 
scenec 2nd the herbage yield io high. This high degree of 
correlation Iiao to be attributed mainly to the indirect 
effect of tho length of InflorGaconco via height of the rolant 
It io only too obviouo in tho oaee of flowered tillero that 
the greater tho hoi#vt of tho plant tho greater will be the 
lenriih of tho infloroaconoe. Thio io revealed in tho rcsulto 
obtained for tho length of infloroooence and hoight of planto 
In Table 2 and 3 • Further. P205 application at 50 lcg/ha 
has been ohovn to incroaae tho hoight of tho plant, as wall 
as the length of tho Infloraaoenao. tha two major fnotoro 
that contribute directly and indirectly towarde herbage

yield•
The lndlrsot effect r U  tiller number (0.04) la mere

,, . -1M t0 tho length of lnfloreooanoo,

“ “  “ * ai” ”* r u n » * .  - — —

bio mesa devoid o jnfloresoenoe pot !*•

yield la 37 p—



■

la abort # the neih 
a o B W W i *  of ^  helghtB^ ' 1' rtMn^  indlo‘tod •»
>-*««• yieia. This u  ^  t 0 w a ’
n«b«p U  in ^ireotlor influenced by tillernvuber, oa wall oa tho „
. _ iQhS* of infloreaoonoo• In foot, the

actors which contribute to increase tho height ana
influence tho indirectly operating factors oro equate 
phoephatc nutrition at 50 b  p n*-0 2^̂ /hQ- and tho greater haxvoot 
interval cu arownd bO to 65 dcyp aa worked out in tlia fitted 
reopcnae uodol (Table 44).
Oil yiold

lioaulto of uatli analyaio iroeented In Table 00(b) and 
path diajmn between oil yield end mrLoua oil yield couGri- 
batinc factors aiicr,: that 62 per cent of the yield ere 
•OGOisitwd for by tho fuctcro conaiderod. Tho lit:;!m:n direct 
affect on oil yield io through the harba^e yield. Teoldoa, 
thio recruit j'do:. io nulto obvlouo, the indlroot uffoct an 
harbawjo yield via tllloro with lnfloroacenoa, height of 
plant ord tha length of tho inflorooconoo oro roa, onolblo 
for onhanolni, tha correlation to O.B547. J*o olgnifloant
1 tract offsets or, yloM - »  to bo cttributoa to tho nunbar of

„„mno (24 par oant), holtfib of plontotlll*>rn with Infloronccmoo i
<17 par cent.) and Hn«th of inflaraooeno* <5 por cent).

^  4 0B th,  affoot of r2o5
Ra« >l tn to ^   .

.,** of lmf* h 0t lnn0ra00an°alnrtlento that ™  U  • ^  mfiuanood Itf hlrfhor lavals of
tillaro with Infloraaoono ^  interval alao

An inorosno in w

3 is



the plant
with inflorescence, „  ^  °f tlUarB
Kano.. The result* , “  «*> length of the inflore-
« - * * - " - ■  — • -  *  « • •

©dg has the maximum effect. A
■nbflequent observation trial wi+v, «oi with increased intervals of
harv at however, Indicated that these oharaoters are not 
substantially enhanced with further Inoreaae In the Interval 
Of harvest. Thun putting the resulto on path enalyals against 
the results on influence of harvest intervale indicate that 
the maximum yield is obtained as a result of the contribu
tion of various yield attributes around 65 day harvest 
interval and 50 kg PgO^/ha.

Tillers with inflorescenceg though it contributed to 
24 per cent in oil yield gave a correlation of 69 per cent 
with oil yield. This is mainly duo to the contribution 
through horhngo ylold (20 par oont) via height of tho plont 
(12 per cant), end tillers without Inflorescence (4 per 
oent) and length of lnfloroeoonoo (2 par oont). All thcoe 
indirect sffoot. olaarly show that the height of plant. 
na.br of tlllr. without Infloreseenee, length of Infloro-
aaenae etc. *lso eontrlhute to of ell herhage

T l - U ' .1—  indlraot . f t » f  halght of plant on oil

* L * U  U  Tl‘ ^  |t. lnfior..^o« (16 p r  o«t) and
tlll«r- «i»b lRfl

innreaaed the h » i „



U r U r >  «l«wxk lnnore.o m
together (5 per „-,*■> * l8neth of
lnfloresoenoe has a aB°°^rlbut9 *° 011 * * *  • <*

6 glbla 41reot oontrlbuticn as 
at6d (3 591 oent) a significant correlation 

° ° '7293 ® Ii8tS oil yield and length of inflore
scence. This la nalnly due to the lndireot Influence on
herbage yield (0.3541). Prom all these reaulta one signi
ficant point that emerges Is the role of height of plant,

number with inflorescence, and length of Inflorescence 
in increasing tho oil yields It is significant that these 
very aens yield attributes are significantly affected by 
the optimum harvest interval of 65 days and higher levels 
of application.
ftcmnlol /laid

Tho results on path analysis presented in Table 40(o)
and Pig. S ohou tlint tho ooueo end effoot rolatlonohlp of
gerenlol yield with oil yield and other quantitative and
qualitative attributes nay bo explained by about 76 per cent
by tho oharnators staled. The maximum direct effoot lo
brought about by oil y U *  <0.7049). lo *" b°

. vlald itaalf la depended upon tho oil yield,
s m a o l  ,i.u « *

*“  '•8r“  ° “  . « - > • « -  u
W j  u o m m  „

J T —mtfmnlrn through



3.19
o o r r e U t i o n  b e t w e e n  t .

“ ■ « — * »  « *  ^ ol “  t m “  “ “
effect of the tiller* , 0,7030 * *° toa alr0ot

W ^ J ^ o r e a o e n o e  o n  g e r a n l o l  y i e l dis negligible (o.OA:m *u,
t h i a  h i g h  c o r r e l a t i o n  i a  m a i n l y  d u e  

to Its Indira effect o n  o i l  ylaU. T a r l o u a  uorkara
( p a al. 1970, Alice, 1903) h a v e  e h o u n  t h a t  t h e  I n f l o r e -  

s c e n e w  p r o d u c e 3  o i l  v h i o h  c o n t a i n o  a  h i g h e r  c o n t e n t  o f

geranyl acetatd" oomparioon to geraniol. The low direot 
effect 02 tillera with infloreacance on geraniol yield has 
to be attributed mainly to thia rcaoon. On the other hand, 
thsro ora quite a number of evidenoca to ohow that the 
infloreac-2ncQ containo a higher concentration of oil than 
tha herbcLgo without infloreooance. Thua the proocnce of the 
infloreacance has on indirect offeot on increasing tho oil 
yield and thereby increasing tho total goroniol yield.

Tha direct and indirect affects of tillers without 
lnfloroacenoo ore negative with a correlation of -0.21 OB. 
Thlo negative correlation lo mainly duo to tho fact that 
^  Without mnorocoonoo oontrihuto loan to oil yield
e n d  o o n - e i u e n t l y  t o  t h e  t o t a l  g e r a n i o l  y i e l d .

The correlation between geraniol yield and height of
.  n  n o 44 w h i c h  i c  m a i n l y  d u e  t o  t h e  I n d i r e c t  e f f e c t  

p l e n t o  1 -  •  o U  y l o l f l .  I n  l b a  0 9 p e r o t c

of tho h e i g h t  0 P ^  dlr90t effoot of height of
path n n n l y o l e  of ol ( T e b l o  40 (b) ).

^  h e  a b o u t  1 7  P - i  til m u  is found to ds
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H o w r r  th. effeot
P T c m t l a ^  hna been reduced to 4.6

_ * crugh Lt ia very olear thath*ifiht of plant has an irwn x.. . indireot effeot on geraniol yieldthrough oil yield,

®£th of infloroBcenoe haa also been correlated with 
the geraniol yield (0.7492). The nain faotor contributing 
to this correlation io the indirect effect of the longth of 
inflorescence through oil yield. The diroot effeot of 
length of infleraacenoo is very email. Similar results 
har/e been obtained for herbage yield and oil yield also.

ftron various results cm the faotors contributing to 
geraniol yield it seena that, tho yield attributes which 
decide goraniol ora the height of the plant, and number of 
tillax-J with infloraaoGnce. Prom othor aspeoto of fcho otudy 
both these faotaro aro seen to be affected by harvest 
intervals on wall as by phosphorus treatment vis., 50 kg 
B 0 /ho. 2'miz iron vorlouo reaulto of tho preoent otudy 
•\rt.f enol/olo o ®  bo node on tho foctoro controlling
hertago y l a W .  oil yield and Geraniol yield.

hng-nnt lilt0IVfll^«d .Ylold. of

" <- ^ - r b n i r n and Oil for two yooro of thoTho yield of harbnc0 “ “
of Oobb-Dougluu function 

e x p o n e n t  followed th. pattern of
t  , uoad to .xpra.s factora In

CT - o *b) Wl^oh lB U“̂
•oonomatriofl



b
x

a
yuia
o^urtont

<* ah^ga ^  y lela tooreaee 
hQTr08t intr.T̂ -1

^  Of coefficient of determination (r2)
tfcQt th0 fUt«J relationship holde good.

Harboco
O i l

•Di .113 funo_
£

a 6*9125 x 0.4559 0.909
'£ o 1.4114 2 1.0u70 0.9bG

r
0.026

0.976
i&o observed orul oxpootod yioldo g p q  {jivon bolou for 

oonyoxiaon.

Tablo 43. ObaarvoJ and oupoobod yioldo for varicmo horvoot 
intarvola haood on tho data obtained during 
1900-01 ozid 61-02.

Infcorvala of 
harvjot f I * /

40
45 
50 
35 
GO
65

' itorhm o jio ld _ (_ tGboorvoa ExpaoValUO ValUQ
oil ;/lold (krVhoT~ Oboorvod bqiaatad valuo valuo

37.59
49.39
30.29
43*09
44.10
47.44

57.16 76.27 77.02
39.21 92.90 613.44
41.14 95.11 99.10
42.96 111.35 110.00
44.70 121.35 120.91
46.36 131.39 131.90

Tjv0 to1 being 1 .0 “  —  — ------
,. „.,M  . aiBinlrtOnfi *•»*» In yield with 

“hll/ far ° , t harroat 1. no* derlTobl.. Du*
lnaraaao In « *  °f



it to C8Gaoa ̂
tho harvest !«♦.-_______ t «*PQOt lncfreaao In yieUlatorrai i«

Ti«v of this the dot* 4. «ao9d without Unit. In
^  ^Op tho vioiii i

obtained In tho thlra „  ^  “ “ °U
the at,vi fourth year qq q continuation ofthe atudy oondnotod at k s v s  o » ^  ,• ^®kkoly hao oloo bean tohgn
T o r w a rL lr^j o u t th o  v io L i r>1,yio-d Uunao, 2ha data obtained in the
thixd cnl fourth your however. ohowod a qulratlo nature o: 
re.uaooo lor tao laot throe hnnmat Intervale, (55, 60 ond
o5 dogra) ao tho yield declined after G'j doya of harvoet. 
*iiLo io evident, froa cho yield data. ĵivon bolou.

Table 44. oolcd data of herbage ond oil yield £ or four
yoaro fron 1900-01 to 19U3-L4 .

3 2 2
r l

Int«rvr*lo
of

harvaat
(d o.vj; 1

Yield in tho fired field 
and ueoorul year aocoiLdyc or

in iiia and tiiird fatal for four ycara

’ lorbOijc
(^/Ln;

rllIî /ha
■ :orbc:;e 
(t/ha)

011
k.yhn i’orbaco(t/hcO

"'11
kc/ha

40 57.59 70.27 47.97 107-50 v-*5.5o 103.70

45 40. yj 0 2.90 54.55 132.79 94.94 225.75

50 30.29 95.11 55.72 149.03 94.01 244.96

55 45.00 111.35 93.54 141.53 99.01 252.00

GO 44 .16 121.35 60.70 1130.92 104.95 300.27

65 47.44 131*59 57.16 100.49 104.62 311.00

:\moo by toklfts th* d‘*' 
nth re.i-ot to » M  U *
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60 and 65 day*. th.

• th* Poaaibiuty qr fit*, roaponse funotioa u m  fitting a quaflratio
resalt b

a _ j £ i f i 3 d f p p  a  v e a r i~ a oil yield for 4 yeara
“ 1°4.95 ♦ 2.405 h - 2 73 h2 vh Y a 308.27 ♦ 29.5 h - 25.89 h'h opt a O .4405 h opt = 0.5697

Daya optiurun a 62 ?n,£1U Daya optimum n 62.95

SR 63 day3

Theoe rGErolto tfauo ohow that the yield of herbage 
and oil roach on optimum at 60—05 dnyo hrrvcot interval.

I’o'jcvar, oevorol of tlio phyoiool paromatere on 
quality of oil ouch am apeoific cavity, rcfrnotivo index, 
optical rotation otc. and chcuiorl poronotoro ea^eciolly 
geraniol and gcrenyl aootato oontont ne affected by harveet 
In terrain indicato that 60-65 daya io often inouffioient 
In attnlnlas the 131 opoolfioationo for quality of oil. 
tho i W t a  fro* tho obnorvatlon otudy ohow that tho ylold 
of gerllol Inaroanoo oonolatontly and oroaooo in! Unit
at Intervalo of barrel creator than 05 daya. Howevar.

m  /mranlol oontant laado to a aubotontlol
thio U « « •  *  £  ^  m  <62 kg ^  ^  ^
dsoron.o In o / ^.rfal. In view of th.
to 93.14 - c s ^  ba. taohnlque.
faot that th* p a n ™ 1 a<r(mlol oontant and deor.wiing
with IS tat Inoroaatn*



• «lia VlQBtlon 1 decreaae tha , 0pan wither we ahouldy inoreaajjjg +kg h
attain the Igx the hanr98t Interval to
—  orgenio/perf^^0^  . U0Pk 1b ra^ ad
treatments and D9thod * 1188 "* °henloal8 °r lnproving the quality of oil to 

apeo fioatlan. ihiQ would eneuro the applloatlan of ouch 
method o to utilise the highest oil yi0idQ obtained to be 
convert into oil ylold of high geranlol oontont. The 
ohsap net hod s aro only ono for partial hydrolyolo of the 
gerenyl dcotato to geranlol and acetic aoid to ensure the 
dherons _* Ox geronyl aootatc end increase in gercniol content# 
The natkedo employed ohoiild also remote the noetic acid 
liberated without removing or denaturing othor odorific 
principles.
Go aaomi ca or different Interval a of harvest and different. Terala o f ~ P0^ application in tho cultivation of palnarooa

Baaed on tho coot of cultivation of palnarosa in tho
AMPR3, Odoikoly, and coot octinatao for fuol charges and
labour ohurcoB for dlot,illation of a tonno of herbage,

.. „ b-an node on total coat of produotion ofoomputntlona h*v* D j
oil yield fron harvoot intervale ranging from 55 doyo to 

135 days at 10 a*yo 00 ^  °bt,lln0d
».m  trial- Th* I®1060 °f °U  Pa"’^ 5 nbaV9fron the observation

»,n« hae wan takan aa la. 240/ P «  *8 
1HI ■peolttoa lo.tlon a. *. 220/- per kg (the
that below the intervale) and uelng the

_  mb. Amsf

tha acetate oont—



tom*, total reoolnt k ^  AMEES “  b * 50/_ perIpts obtainable tn-n ~  ,
vala have been work* ^  ous torveot inter-

* 1 • The nat profit es well ee netK .  for <>oi w

*“  . «... „
45(a) ahou that maximum net profit is obtained in the

treatment wltn the harveet interval of 75 day a. The harvest 
interval of 65 days duration gives a net profit of only 

40/ ij3m tnan. that of the 75 day harvest interval. The 
return -tiupee investment indicates that maximum return 
o f U. 2 .60 io obtained for q harvest interval of 85 cloy 
duration. Tho harvest interval of 05 day duration, though 
glvos a olicjatly leaser net r o o m  of u. 2.43 per rupco 
invested, entails cm earlior return of profit in viou of 
tiio abortor interval of harvest, thus off Betting the alight
daoraaso in tho not ratum.

The eoonooloa of different lovolo of applica
tion, which too fjlvon olfiniflount rooulto from tho flold 
expertnant tovo boon worked out end prooanted In Table 
45 (b) and (.). the coanonloo of application too toon

.nlv. for the two yeere of exp.rlment. 
worked out aapaThwQVworked °u y oleor 6hnt boxIdib net profit

Proo the result tho nl

usual aala value of Bnent

J?r0+um per rupee Inveetnent le obtained for th. 
sal net return V> .ppllontlon of at
1 i a^'l crop (o eo ® 1̂  S°

a . Thi. i. due to .*voral raa—50 kg/Ua# Thi« *■

nLnbi



TaUi 45(a)- Eoaioaios of harvesting tha gross at different intervals based on the observation trial.

Treatment
(Harvest
intervals)

Cost of 
cultivar- 
ticn 
exolud-lwg
harvest
wood
distillation
(ft)

Addi
tional 
cost 
for the 
harvestMid
dieti-
llatlon
(fa)

Total 
coat of 
produc
tion
(ft)

Yield
ftTTTn
kg/ha

Value
oyent
graou
int Ain

oirr Spent grass Q
Ib.50/-
I3GT
tonne

Total Hat
receipts profit
(fo) (fe)

Heturn
P »rupss
inves
ted
(ft)

55 dsyts 3269/- 7540/- 10809/- 34.20 31 .30 18524.00 1565.00 20089.00 9280.00 1.86
65 dears 3269/- 7944/- 11213/- 115.62 35.90 25436.40 1795.00 27231.40 16018.40 2.43
75 days 3269/- 7460/- 10729/- 114.10 33.70 25102.00 1665.00 26787.00 16058.00 2.50 /* 185 days 3269/- 6618/- 9887/- 110.12 29.90 24226.40 1495.00 25721.40 15854.40 2.60 ro
95 d^a 3269/- 6078/- 9347/- 93.14 27.40 22353.60 1370.00 23723.60 14736.60 2.54 03
105 days 3269/- 5439/- 3708/- 60.33 24.50 19279.20 1225.00 20504.20 11796.20 2.35
115 days 3269/- 5304/- 6573/- 66.21 24.00 15890.40 1200.00 17090.40 8517.40 1.99
125 dqrs 3269/- 4673/- 7942/- 57.00 21.20 13860.00 1060.00 14920.00 6978.00 1.68
155 days 3269/- 4101/- 7370/- 45.28 18.60 10867.20 930.00 11797.20 4427.20 1.60

* At the rate of L 220/- per kg for oil obtained fron 65, 75 and 85 days interval and at Ea. 240/- per kg for oil obtained fron intervale of 95 days and above.



Table 45(b). Scanooioa of application of different levels of phosphorua in the first year 1980-*81 •

Treatment
(Levels
of
W

Coat of Addi Total Yield Value
produc tional coat CTT“  " 3 pent Oil Qt 8 pent
tion cost of in grass tha grass
exclu for produc k̂ yiuj. t/bn rats of at tha
ding the tion lb.220/- rate
tha treat (b) per kg of
treat ment D.50/-
ment (£0 per
(SO tonne

Total Net 
receipts nrofit
(fe)

pro;
(S)

Hetuxn
DOT
rupee
inves
ted
(«0

25 W h a  
50 kc/ba 
15 kg/ha

0978.50 111.00
9978.50 563.00
9978.30 761.00

9009.50 36.00
9541.50 43.00
9739.50 46.00

13.70
1 5 . 8 0

1 5 . 9 0

7920.00 685.00
9460.00 790.00

6605.00

10250.00
-484.50 0.95
♦708.50 1.07 co

rc
10120.00 795.00 10915.00 ♦1175.50 1.12 ^



Tib.li 45(a) • Seaoaaioa of aj;dJLoatlosi of different lovelu of jJioojiioruo in tho oooood year 19&I-'8>U

(l^rala of
w

25 fcc/h* 

50 kg/faa 
75 bs/bi

Cost of Addi Total Yield Voprod'oo— tional coot m  ................ oT.cnt Oil atVi on ooat of in (jraaa thoOXOllk* for nrodiao- k^/ha t/ha rato ofline the tlan !j,220/-
Vbl treat— (&) pcr kgtreat- □catM B t (£}(Ba)

8ipazit 
groao at tho rate of
£.50/-pertonne

Total Nit
receipt® profit
( F j )  ( & )

Baton
P*r
rapmm
Lnrmm-
tid
(*)

9520.60 111.00 9059.60 79.00

9528.60 1000.00 10523.60 95.00

co
30.00 17330.00 1500.00 18830.00 9240.40 1.96

34.00 20900.00 1700.00 22600.00 12071-40 2.15

9523.60 035.00 10413.60 94.00 33.00 20680.00 1650.00 22330.00 11916.40 2.14



3i;n
V »  « p « d i t « fe ia ̂
ura-_rnt year 1b sore an aooount ofpreparatory cultivation. and ,.1planting while in tha sooand 
year only ratoon harvfin+i«~ , „la followed* Seoondly tha
herbage yield In tho a*™*oond year Is approximately tvloe aa
noch as that obtained in ^In the first year* It Is &1bo possible
that the superinpoaed application of at the rate of
50 kg each per year has aloo optlmioecl the net return In the 
second year*

Taking the response pattern for harvest intervals in 
terua of herbage yield, oil yield, feeronlol yield, net 
profit and net return par rupee Invested, it appears that 
65 daya could bo fixed aa the harvest Interval for palmarosa 
Under condLtlano existing in and around Odaklcoly end for 
.oil oituatlono reportoaiy low In phoephorue an application 
of 50 kg P2 appears to enhance the net return.



SUMMARY



An Investigation vaa oonduoted at the AMPRS,
Odakkaly to study the effoot of three levels of II, Pg05 and 
KgO, each at 25, 50 and 75 kg/ha along with six intervals 
of harvest at 40, 45, 50, 55, 60 and 65 deys an the yield 
and quality of palnarooa oil. The field experinent was 
oonduoted in a 3^ x 6 confounded aoyanetriool factorial 
design during 1960-'01 and lOd-'BS. The exporinent was 
continued for anothor two yearo (1982-'134) Uniting the 
obaervatione to yield of herbage and oil. In addition to 
thio horveot intervale longer than 65 dcyo were tried in 
19G3— '04 in an observation trial. Thia wc.a necessitated 
oincs the oil diabillcl at the longeet horveob Interval of 
65 day a in the main oxperiaent did nob confom otrictly to 
the ir>I ox^eclfiaQtiona. Tlie renal bo of tho invootigQtians 

aro apjonorieod below.

71old attributes
Different lovolo of I! and K showed no significant

influanoo on any of fcho yield attributos of the crop ouch 
as nixaber of tillers, number of tilloro with infloreaoonoe, 
number of tilloro without infloroaoanoo, height of ths 
plant and length of infloraaoenoe. Increasing levels of 
p 0 aignifioantly lnoronaod ths numb or of tillers with 
ii.flaniMM. halglit O f  ptant. m d  l«n«th of Inflora.ouui.. 

Total m»tar of tlU.ro and Ulitri without lnfloraaoano.a

SUMMAHY AND CONCLUSIONS
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WCPe no^ k^uaused significantly by P application*
Intervale of harvest influenced significantly all the 

yield attributes. Maxi nun tiller number per clump was 
recorded by 55 days* The crop harvested at 65 day intervals 
recorded the maximum height of plant, length of inflorescence 
and number of flowered tillers* The minimum number of non— 
flowered tillero was also recorded by thio harvest interval.

herbage. yield of oil, oil content and dr.v matter

Different levels of H did not significantly influence 
the herbage yield, oil yield or oil content. But there was 
significant difference in the total dry matter yield due to 
different levelo of IT.

Phosphorus application significantly enhanced herbage 
yield, oil yield and dry natter yield. Maximum oil yield 
was recorded at 75 kg PgO^/ha but 50 and 75 kg P^O^/hn wore 
an par. To significant effect was produoed on oil content 
duo to different levels of P application. Potash signi
ficantly increased tho herbage yiold and docronsod the oil 
content. However, the oil yield and dry matter yiold wore 
not significantly influenced by the different levels of KgO.

Harvest infcorvnls showed significant influence on 
herbage yield, oil yield, oil content and dxy matter yield 
and tho naxicruci value woo recorded by the 65 day interval. 
In the third end fourth year of the experiment the highest 
herbage end oil yields were recorded by the 60 dey interval 
followed by the Interval of 65 deye. In tha observation



yield and oil yield shoved a decreasing 
oa tho interval increased above 65 days* The oil

out increased progressively up to 85 days and thereafter
it shoved a decreasing trend.
£ftyBloal prooenhiQB Qf n\\

Different levels of IT, P or K did not significontly 
offeot cny of the physical properties such as the specifio 
gravity, rofractive Index, optical rotation or solubility 
of oil in 70 per cent alcohol.

Harvest intervals significantly influenced all, the 
physical properties. Increasing the intervals of harvest 
froia 40 to 65 dayo decreased the specific gravity and 
increased the refractive index, o.-ticnl rotation and solu
bility in 70 per cent alcohol.

In tho observation trial, the specific gravity of 
tho oil decreased further as tho interval increaoed upto 
105 days and rafractiva index increased upto 85 doyo.
Optical rotation of oil roaainod without ouch ahnngo with 
inoranolng intarvala of hnrvoot. Solubility of tho oil 
in 70 por oont aloohol ohowod a tondcnoy to increase with 
inoroaiio in tho Intervals of harvest upto 115 doyo.
Chmqloal pyoportliB Qt.J&k

Nano of tho nutriants tried ohowod any offoot on tho
aoid voluo of tho oil. But ooponi float ion value, ester 
r aluo end hanoe the eoter oontant wore significantly 
deareaood at higher lerelo of N end . Potooh application



110 signifiesat influence on these values •
®^*ercnt intervals of harvest shoved no significant 

effect on the acid value of the oil. The saponifioation 
valuef ester value and eater content significantly decreased 
with increasing intervals of harvest and the lowest value 
was recorded by the 65 day interval.

In tho observation trial, acid value, saponification 
vnluo and eater value decreased as the interval increased 
upto 115 days. Tho lowest ester content was also recorded 
at this harvoot interval.

Different lovels of IT, r or K did not Ghow ny 
significant effect on the saponification value after acety- 
lation and on the total alcohol content.

Saponification value after acetylation uao influenced 
by different intervals of harvest and the value decreased 
as tho Uar/aot interval Increased beyond 45 days.
Different intervals of harvest showed no significant 
Influence cm tho total alcohol content of tho oil.

In tho observation trial aloo, tho saponification 
value after acetylation ohowod n tendency to doorcase as 
tho intervals inoronood upto 95 days. Tho total alcohol 
oontant remind without nuoh ohongo with lnorooolng
lntarvala of harveot.

Application of n md i'jOj at hl^ar levol. oltfU-
flonntly Increased tho fr.. alcohol oontant and deoreeeed 
th. ooBblnad aloohol oontant. Different lerela of potaaalm



■

Bignifioont difference on tha free anfl combined
alcohol contents.

The hi^ieat value for free alcohol the lowest 
for combined alcohol were recorded by 65 day interval 

find it waa aignifioantly different from all other harvest
intervals.

The free alcohol oontent increased pnfl combined 
aloohol content decreased as the interval increased up to 
115 days in the observation trial.

The oil obtained at liarveot intervals less than 95 
days showed a terpenio note, while tho oil collected at 
intervals of 95 days and above had a sweet rosaceous odour.

Analysis of the oil by the GLC showed that geraniol 
and goronyl acetate contents of tho oil wore not influenced 
significantly by different levels of P or K. The highest 
valuo for goranlol oontent and tho lowest valuo for goranyl 

acetate wore rocordod by 65 days interval and it wno signi
ficantly euporior to all othor hnrvoot interval a. GLC 
•nolysla of the oil oomplos oollootod from the observation 

trial showed that the goranlol oontent increased and ths 

goronyl acetate oontant decreased upto 115 daye.

Oeruniol yield was not significantly influenced by 
ths different levels of N mod K, but increase in the levels 
of P significantly increased the geraniol yield. Harvest 
Interval of 65 d^e gere ths maximum value in both the yeare

3 3 4



Vafl ^^ilfioantly superior to all other Intervals of 
0t. Results obtained from the observation trial shoved 

that there vaa not utaoh difference In geraniol yield as the 
interval Increased from 65 to 85 days.

Increasing the levels of N significantly increased 
the iT and i-lg content of the herbage, while it showed no signi 
ficont influence on the P# K and Ca contents of the plants. 

Application of different levels of Po0c and K„0d p d
significantly influenced the P and K contents of the herbage 
respectively. No significant difference in the concentration 
of the other nutrionts rosultod by the application of ? and 
X.

As tho intervals of harvest Incrcaaad the II, 1', K, 
nnA iig contanto of tho herbage decreased significantly.

Tho total uptake of M, Ca and Hg for two years wore 
significantly lnoronoed with inoroooQ in the application of 
ri. Ho significant differenoo in tho i and K uptake roaulted
due to different levolo of II.

Increasing the levels of PgC>5 signifioontly inareaood
the uptake of all the nutrients vis., II, P, K, 0a and Ilg.

Uptake of N, P. K and Co won Blgnifioantly influenced, 
but there woe no significant difference in the uptake of Mg
by the different levels of KgO.

D i f f e r e n t  intervals of harvest eignifloantly
influenced the uptake of all the nutrients end the sexism

335
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uptake vaa reoorded for the 65th day interval.

5oatgnt°fuJ1^ ° r^ t^traatmanta 011 the n« PgCg and Kp0 

Total B oontant of the soil was not Influenced
significantly by the different levelo of H, Po0c or K„0.
-  d P d
ncreaaing the lntorvalo of harvest showed a Bignifioant 
decrease in the N oontont of the soil.

Available oontont of the soil showed significant
difforonce only with different levelo of P application.

Different levels of nf 1 v K or the intervals of 
harvest did not produce any significant offect on the 
available K„0 content of tho soil.
Path analysis

A path analyoio of tho herbage yield with related 
char act or o has ahown that tho height of the plant io the 
noot important yield attribute influencing diroctly tho
yield of herbage).

Path analysis of oil yield ahowod that oil yield
la mainly dependent upon harbogo ylold. Tho dlroot offeota 
on oil ylald by yield attributes oro found to bo in tho 
doorooalng order of mmbar of tlUora with lnfloroooonos, 
halght of tha plants and length of Infloroooanee. Maxlmua 
lndiroot effoot tU  hartage yield la axpreased by tha halght 
of tbs plant and length of lnfloraaoanoo. All thaaa dlraotly 
and Indirectly contributing factor. • "  e.an to be msAadly 
lnfluennad by tha eppUo.tlon of phosphorus and intarvol. of
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harvest •

yalB of geraniol yield showed that geraniol 
yield la mainly dependent upon oil yield. The yield attri
butes which decide geraniol yield are the height of the
plant

between harvest interval nnfl yield of herbage

Relationship between the horvQot interval pnfl yield 
of herbage and oil (based on the data for four years from 
1979-*0 0 to 1903-'04) ahowed that tlio optimum herbage and 
oil yield were obtained when the harvest was dono at 62 
and 63 days intorval reapeotivoly (tho yield reaches the 
optimum at 60 to 65 day interval). However, intervals of 
60 to G5 days uere insufficient to produce the quality 
specification for tho oil stipulated by tho 131. The oil 
obtained at intervals of 90 days and above satisfied the 
1 3 i opocifi oat Iona with reapaot to all the phyaico-ohonical
proi>ortiea.

Tho yield of oil dooroaaos considerably as the 
interval increase abovo 65 doyo. Tho improvement in quality 
and the consequent inoroaoo in rotums ia offset by the
doorooae In yield bayard 85 flay..

The ooonoaioo voifcod out for different levels of P
application showed that the maximum not profit is obtained
for the stabilised crop (seoond year) with tho application
of S20g irt 50 kg P «  hector..
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Ths pftkutiti por rupee investment la maxi muni for a
kmrvsst interval n+ x  * ,* 05 day a (fcu 2*60j* The harvest

°£ 05 days gave a slightly lesser return (fa.2.43) 
pee invested. However, it entails an earlier return 
it in view of the shorter interval of harvest, thug 

offsetting the slight decrease in the net return*
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APPUTDIX I
Meteorological oboerva&laaa durlnj ulio yoara froa 1900-1984

Ajril 33*2 33.4 35.9 34.3 23.9 23.9 25.3 24.3 157.3 149.7 94.7 51.9 88.2 77.4 75.5 70.9
**2T 52.4 32.1 32.1 31.6 24.0 23.5 24.1 24.4 149.0 249.7 335.0 141.0 99.1 77.5 79.6 75.9
Jvom 27.0 26.9 27.3 29.6 22.7 22.1 22.5 23.1 1004.7 1056.3 697.3 400.7 08.4 83.4 84.4 80.3
J*aly 26.9 26.7 27.9 27.6 21.8 22.1 22.2 22.3 1278.1 624.2 631.4 557.4 39.7 87.7 05.6 04.3
MlgHt 27.2 27.1 27.0 26.6 22.0 22.1 21 .'J 22.2 620.3 524.2 557.6 734.5 39.6 90.9 88.7 83.4
3epteaber 29.5 27.3 29.5 27.6 22 .6 22.4 21 .1 22.3 147-0 645.4 77.5 419.5 90.0 88.6 87.9 83.2
October >3.4 29.4 30.6 29.6 22.1 •cvCJ 21 .9 22.2 565.9 273.1 339.6 205.8 09.8 08.7 88.6 87.4
TToveeber 30.4 29.9 30.9 30.0 22.4 21.3 22 .J 21.4 23G.8 171.0 132.0 263.4 89.1 51.2 08.7 8G.3
rieofher 31.3 31.6 32.2 31.3 21.1 20.5 18.2 21.7 11.0 44.0 4.2 94.1 35.0 C7.0 86.3 80.2
Jepnegy 32.2 33.2 jj»5 31.2 20.3 13.9 18.9 29.8 0.9 0.0 0.0 69.4 85.0 84.9 83-9 02.7
Gelmfixy 33.5 33.7 34.0 32.2 20.4 2J.D 21.3 21.7 0.0 34.0 0.0 135.2 c4.2 76.9 80.6 82.3
•*«--^Jiwcin 35.2 35-1 .35.2 35.2 22.3 22.4 22 A >2.9 76.G 43.8? 12.7 0.0 C4.1 81.3 73.9 81.1



APPENDIX II
Aaclyalj of vr.rianoo fbr totnl mmbor of tilloro ond hol̂ tit of tho plant

SOQTOe df Menn cqunreo
2otol nunbar of tiiloru Iiol/djt qf ths plant19U0-61 1 ‘Jf >1*o 2 licen for too vooro 190X51 1901-02 Moan foryears

Block 3 7* •4°' ^0 . i 2G.9 1313.6** 552.4** tt>2.0*»
3 2 11.1 • J 7.3 39.6 67.6 47.7
P o - .1 -40.4 34.7 253.4 489.4** 374.5**
r 2 _.o 10.7 7.0 271 .0 242.9 212.0
!TP 4 i • 3 13.2 10.1 33?.8* 333.8** 311.1**
IS 4 *■ -. * i - *4 o• L« it' 14.3 152.7 150.00 146.4
IS 4 32.0 £. i #'3 25.0 162.3 50.30 89.9
H 5 34.6* C6.0* 35. * 2176.3**

_ mm

13162.1**
_ _ ^ m

5820.9**
10 1s_.7 ■ 'u 12.2 160.3 156.9 101.2

PH 10
w a

13.1 oo r £-.< 0*1 17.9
w -w W 

16? .9
^   ̂air
157.3 126.1

IE 10 4 r- r”i j  •V-’ 6.7 4^.7 84.9 51.7
U S 2 1o.3 r* o •*-i 5.2 240.5 5.3 44.4
. —  ?_ UPTI 2 £- 1 *6 0.1 23?.3 44.9 32.1
KTS2 n

L m 37.7 20 .0 25.G 158.7 91.0 5.0
Brrog 94 13o9 24.2 12.7 113.8 63.1 71.1

*Ei£ci£ic:sit nt 5 per oant I gvgI
••S ig n ifican t a t 1 per cent lev el



APPBBDIX I I I

AztftljSiB of Tarlanoe for lanjfcii of infloroo 
Mid mater of tillaro without inf lorauccsnco

Soaroe df T*onjth of irClar jjoencG ^L’an tillor3 v/ith
Infloroooonoo iJoober of tillore without

1930-31 1901-02 .crin for t.;o
./GOTO

i iro- 01 1931-92 Ilcon 
for tuo :/oara

1980-81 1301-02 ilean fear two

Block 3 99.1** 12.6 54.7*:> 10.6** 1.4 2.3 81 .0** 23.0 35.0**
I 2 0.2 13.7 1.2 5.3 9.2 5.6 0.9 20.0 11.1
P 2 74.9** 10.7 53.3** 5.7 20.2* 15.2** 22.4 5.5 5.4
I 2 23.5 0.2 4.2 1.2 1.2 0.9 2.9 31.1 11.2
IP 4 4b .2 4.6 19.6 3.3 11.6 6.6 27.9 11.9 12*9
n 4 16.0 22.4 19.5 1.4 5.7 1.3 6.9 13.5 6.3
IX 4 21.6 13.5 5.0 7-9 3.7 2.3 20.2 30.1 23.5
H 5 259.6** 924.0 451.1 32.0°* 154.0** 113.Q** 50.4** 227>2** 103.0**
BE 10 25.4 23.7 13-5 t-i. 4 2.9 1.3 9.5 . 6.3 5.6
PH 10 13.0 7.7 9.0 o .3 10.1 3.5 11.5 20.2 13.4
ZE 10 14.1 19.1 10.7 3.6 1.5 1.6 B.3 13.8 6.3
WFL 2 9.5 2.4 3.0 4.4 1.0 0.2 13.1 31.8 2.0
n A 2 53*5 0.3 3.0 5.4 4.6 0.6 6.1 8.1 2.7
EP2!2 n

irnm 11.2 1.1 t- *7 2.1 5.7 0.2 £4.2 36.9 26.5
I r r o r 94 17.3 12.4 9.5 3.0 6.0 2.0 12.8 17.7 0.2

9~Ijniflcont c.t 5 ĉr cent level
"Oî juificant at 1 jjcul* cant lovol



APPENDIX IV

Aaalyaio of variance for harbô o yiold and oil yield

Jenxroe d£ !lcon oauarooTlorba-j yield Oil yield
i^J-oi Ioji-02 r^Iin^FTTS TyiSWI lyaf^ nZJSFTm

   _______________________________________________________________________________________t o o  J

Block
V
P
I
HP
Mf»

PI
H

PH

HPK

Irror

3 100.34** 205.61 * * 561.3** 676.60** 097.37** 2359.95**
2 15.15*" 24.51 70.8 59.38 100.05 246.4
2 70.96s" 156.16** 500.2** 619.92** 716.06** 2476.2**
2 4.6a 65.30* 02.0** 24.90 4.26 20.2
4 7.36* 6.40 43.1 140.29** 209.39 506.6*
4 1.36 51.50* 36.4 55.60 176.63 161.2
4 4.66 26.16 40.2 42.22 132.64 123.7
5 27.93** 227.97** 596.3** 652.93** 5345.50** 9513.0**
10 4.67 17.16 26.7 53.20 217.01 234.5
10 3.27 17.16 30.7 40.17 215.06 357.7*
10 1.77 25.33 31.1 20.21 190.33 196.1
2 4.27 43.78 45.7 9.67 85.23 77.0
2 4.35 24.50 23.0 26.55 10.35 0.66
2 10.57 0.06 22.2 30.02 126.64 104.20

94 3.10 17.34 23.4 40.33 109.22 160.60

•Sl̂ ilficonti nfc 5 par cent levol 
**'.jli5iifleant at 1 per cent lcrvol



APPHIDIX V

Vnalyai

Source df Oil content 
1901-62

Mean 3<iuare3
_ i for twoyear:?

Dry natter yield
1900-Si 1U T - ^ r —  YoT J  ?ar

_________________________________________________________________ . m a n

Block
H
P
I
HP
K
PK
H
HH
PH

HPK

Error

0
2
2
2
4
4
4
5 

10 
10 
10
2
2
2
34

4.430x1
1.331*10"^
3.976x10"4 
2.193x1O*3 
1.541x10~3 
1.603x10~3 
2.002x10“3 
14.230x10"3 
5.091x10“4 
3.685x10“4 
5.2o9x10~4 
4.734x10~4 
5.652x10 
3.628x10'

-4

1.901x10^

6.905x10 
2.020x10 
6.161x10 
3.475x10 
2.546x10 
8.525x10 
5.332x10 
52,260x10 
5.973x10 
7.214x10 
4.338x10 
1 .539x10 
7.361x10 
2.020x10
5 .9 9 9 x 1 0

■3**
■4
-4
• *> 
*

•4

.A

,4
l r

4 
■4 
•4
4
5

- A

4.uy5x10 5 
3.030x10“4 
2 .̂ 45x10*"3-A**3S.2GVI0 *
9.642X10"4
4.650x1O"4
12.520x10”4*
20.640x10“3
5.i57x1O"4
3.390x10""4
3.u1ox10”4 

,-42 .097x10 
5.553x10 
14.120x10
4.477x10

-4
-4
—A

10.890*“ 10.321** 41.013**
2.219**
8.490**
1.040
0.795
0.141
0.592
20.517**
0.642
0.493
0.227
0.57*
0.712

1.179
0.376

* SI £7i i f  leant a t 5 per cent level

leant at 1 per cent lev el

3.540
10.877**
3.060
1.707
2.700
1.038

93.179**
1.431
1.006
1.999
1.027
1.642
0.419
1.26a

7.412*
38.514**
7.153
4.784
2.G75
3.206

191.713**
3.433
3.797
2.603
2.171
2.379
2.514
2.309



I

Analysis of variance far j^nralol and O'uronyl nootato content in tho oildotaruined by 01 >C

Ai'î EIEDIX YI

Sobboo d? Oaraalol aon&ani* atlUa2 Iforanyl acetate
In tlio fLrat year oontent In tho first    ______________________________________ yowtr____________

Block 5 50.<30 54.46
5 2 rtf .62 55.U
P 10.73 6.51
I 2 23.57 3.53
52 4 GO.45 55.62
n aT 71.15 52.05

4 55.37 21.26
H 5 379.92** 474.26»*
BE 10 49.00 27.91
PH 10 39.99 59.35
IH 10 76.02 63.40
5PK * 19.05 2.14
52^5 2 4 rr-»1 ( J  o<JL* 100.04
5 x V 2 15.29 12.19
Brrar 94 52.91 35.64

*3C>ira.ificaDt at I par ceim lcval



Source

I
P
Z
IP1M*
«lJk

PZ
H

PH
ZH
IPS

APP90DIX VII
kttlyiia of marlaneo for ai'oolfia gravity a

df
i i a i B O G C

socaon1981-82

x. uk

3ggor

3 2.000x1o”5
2 3.570x10*5
2 4.442x10"^
2 3.556x1c"5
4 8.024X10*5*
4 2.323x10*5
4 2.717x10*5
5 7.378x10"5*
10 3.850x1 O*5
10 2.146x10“®

pm

10 2.725x10“^
2 6.572x10"5
2 2.211X10*5
2 1.323x1a"5
94 2.099x10"5

ocuaca
1401-82

1.900x10 
2 .097210"
2 :?cxio 
6.203x10-7
1.363x10 J 
1.4O5x10“5* 
1.117:-.10“5 
1.229x10"5 
6.777x10*6

-6
2.130x10' 
7.761x10
0.052x10"6 
2.236x10*6 
3.030x1O"6
5.419x10-6

Mean for 
two aaaaano

I loan aqunroo

i.anooanjjaoan
1901-82

KefWctlvo Index 
Ounmarueaaon
1901-02

Horn far 
two BoemaaM

1.651x10“j
4.362x10“° 
2.504x10“5 
4.665x10“°
2.053x10 J 
9.240x10”6 
1.147x10 
2.824x10"5* 
1.460x10“5 
0.709x10“° 
1.127x10"5
1.403x1o“5
4.975x10"° 
G.893x10"6
10.205x10“®

—ft**4.10x10^
1.52x10“®*
2.50x10*5 
4.57x10“7 
7.34x10“7 
4.92x10“7 
1 .01x10“® 
3.53x10 ° 
2.o0x10"7 
5.04x10“7 
2.84x10"7 
1.00x10 “® 
2.54x10“7 
6.95x10“7

1.300x10“®** 
2.690x10*7 
2.300x10“® 
0 .4 6 O x1O“ 7  

3.615x10“7 
0 .0 0 0 x10"®  

3.138x10“7 
15.016x10“®**
1•302x1o“7 
4.312x10“7
1.901xIO*7 -G

-6«3.100x10 
7.100X10*7 
1 .600x10“® 
8.200x10"7 
6.300x10“7 
4.400X10-7  
0.9OOxlO“7
1.290x10-5**-72.000x10 
5.200x10“7 
2.900X10"7

9.150x10 
2.700x10“° 
5•900x10“7

2.200x10-7-84.300x10 
7.100x10“7

4.39x10”7 3.029x10“7 4.000X10*7

^SiijalficaEit at 5 per cant lavel
* * Icont at 1 per cant loval



f\Pi’E?TDlX V I I I

AnaljBla of variance for optical rotati

Ooaroe df
iTaaaona'□eaacei

optical rotation
Hoon pi

uUGQCTcotton for*iuau mi' ITanaoaatuo SCA-SO/yv OOOBOn tor oocaon or
two ̂ c.aJ’a/xr

Block a 1.74o‘- 1.426** 1.461 * * 7.9x10"3 6.3x10~3 9.2x10~3
V 2 0.417 0.164 0.501 6.0x10”̂ 6.0x1 cT4 5.4x10~3
? 2 0.221 00207 0.263 2.5x10~3 1.9x10*3 1.4x1 O'"3
r 2 0.245 0.404 0.303 7.7x10~:? 1.2x10~3 6.1x10~3
HP 4 0.579 0.358 0.531 6.2x10~3 6.0x10~3 7.1x10~3
IE 4 0.312 0.340 0.335 2.5210"4 3.6x10"3 1.2x10**3
PE 4 0.096 0.066 0.017 1.7x10"5 3.6x10"3 2.7x10*3
H 5 1.018* 0.950* 1.248*° 9.7x10~2** 6.9x10~2**

f a
7.9X10-2**

BE 10 0.2C5 0.503 0.444 7.2x10“^ 6.7x10~3 Q.2x10*3
PH 10 0.2S0 0.687 0.405 5.5x10~3 4.4X10*3 7.6x10“3
m 10 0.173 0.107 0.262 4.7x10~3 6.Qx10~3 4.1x10"3
H E 2 0.054 0.266 0.162 1.7s10"2 4.0x10~4 1.0x10"*2
HP2! 2 0.053 0.696 0.291 1.3x10“2 1.2x10~3 4.1x10“3
SPTT 2 0.151 J. 077 0.121 7.5x10"3 9.1xl0~3 Q.2x10"3
Krrar 94 0.303 0.302 0.552 7.3x10"5 4 .3x1 0~3 b .7x10“3

* 3 ig iiflc a n t a t 5 per cant lorvol
••SlGnificant a t 1 par cent level



ki‘ PETTDIX IX

Aaalyiia

3ouro« a* O I'.i V fillip lie an B^uares “
*.*£L»iQ'jZXsennon
ai o3?.octn

..can ior 
tua oaraano

. .oiiaaa 
acenan 
81-02

oanaan 
01=^.

Block 3 24.23* 2.99* 12.66* 253.4** 437.0** 360.0**
1 2 3.62 1.71 4.07 395.7* * 909.4** 700.4**
? 2 5.36 1.97 4.55 436.5** 259.7 321.2*
r 2 2.S3 0.49 0.22 31.3 169.9 76.9
s? 4 13.93 1.94 3.71 170.7* 506.4** 315.2**
HE 4 13.43 1.33 8.97 33.0 61.5 29.1
VL 4 15.94 2.27 9.23 66.4 64.6 130.7
n 5 14.45 1.35 4.41 2320.9** 5044.4** 3721.6**

1L 10 9.S3 1.03 4.36 51.5 59.9 32.7
HI 10

mm ̂ ^

6.35 0.57 «— o 27.2
41.3

94.3
130.9

41.0
34.3■k 10 19.35 0.54 5

rzK 2
w cpr ^

18.45 1.61 0.21 25 .9 57.7 54.0
xsh. 2 0.07 0.54 0.09 03.2 30.2 40.7
IP2!2 2 15.03 1.73 0.33 170.7 7.1 26.8

jr?or 94 9.3D 1.22 4.o7 49.4 142.9 71.7

*Glc?iiric?-n& at 5 por cent level 
* * 3 i r n l f  lean * afc 1 r>cr cant level

i



ArTETIDlX X
Analyalj of Vurlikico for ejbor voluu ami uuter ocotomi of oil, 1961*62

 __  , „ . , Meim "tKiiKirea _ , .Soared di _______ tor value  ______________Ea tier oantont
’ icnaoan bSr̂ iar I icon for ilanooon ilunmer Uean fop
aecoon scaaan two ŝ-Q.S'̂ n\ ocaooa j  g o o  on two J’e.flpô£1-Q2 81-02 81-02 01-02

Hook 3 215.6** 426.0** 350.4** 26.12** 24.34 24.21**
V 2 34o.3** 969.4** 696.4** 43.15** 05.80** 67.69**
P 2 454.2*® 237.4 301.3 52.32** 32.58 46.50**
r 2 20.1 159.3 69.4 3.33 18.92 10.25
ip 4 159.4** 534.2** 290.6** 10.85* 60.24**

_ . — jm
35.32**

■ « 4 32.1 50.3 44.2 6.86 3.16 2.42
IX

V

4 67.6 49.6 120.7 17.16 6.57 12.36
H 5 2634.2** 4376.7** 3621.4** 333.07** 578.54** 429.16**
BH 10 46.3 90.3 20.6 7.40 9.66 4.49
PH 10 24 .7 127.0 30.6 2.05 11.89 6.49
EH 10 32.4 56.3 30.7 5.49 13.22 4.73
H2I 2 24.3 27.4 32.1 2.45 11.33 2.92

2 00.5 5.2 45-6 10.35 8.23 7.81
BP2!2 2 74.5 136.7 25.4 17.50 21.45 4.03
Error 94 45.3 139.7 60.7 5.05 13.74 7.25

*Significant ab 5 per coat level
** 31 golf leant ab 1 per cant level



Analjala of variance fbr aapoiiif loot ion vuluo after a
alooUol content of oil, 1981-32

A-tTT^TDIX XI

Source c\f Oaponifioation value after -e-8̂ 1— ----
acetvlatlan_________________
.(on30on Smner tlaaa for

Total alcohol
3iiseason

81-82
Q033on 
81-02

tvO SeLQ-?Ony ocna an. 31-82 ocasan 01-82 two

Block 8 99.42** 90.37** 64.74** 6.2 11.6** 8.4
I 2 58.29 6.70 13 .2 0 11.0 5.0 6.9
P 2 16.50 3Q.BG 25.20 9.0 7.5 7.1
I 2 4.74 6.85 0.13 1.6 0.9 0.2
UP 4- 44.55 23.37 26.80 4.1 1.5 1.7
IX 4 22.61 10.90 11.60 5.9 2.2 3.4
PK 4 15.00 24.87 13.80 2.1 2.8 1.2
H 5 100.54* 155.00** 133.40** 4.2 4.2 3.5
HH 10 31.06 22.^9 25.40 5.1 3.3 3.3
PH 10 23.39 37.53 20.70 3.3 4.6 3.0
XH 10 14.41 39-92 26.00 2.2 8.5 4.4
HPX 2 20.59 5.37 3.10 5.9 1.9 3.5
HP2! 2 1.10 64.57 1 j • 90 0.1 5.3 1.7
IP2! 2 2 47.30 19.24 27.50 8.1 1.9 2.5
Error 94 34.04 26.69 25.70 5.6 4.0 3.6

Tor

leant a t 5 per cent lev el

**Sl£nificent at 1 per cent level



i&JEtmix xii
tosJjiii of vurianoa for free aloahol and combined alcohol oontont of oil, 1931*82

Baaroe df . _ . . .  1 *50= alaohol M e an squares Combined aloohol.lonooon ^  
81-02

-tfannor
uurjjon 61-02

Meaa Tor I ionooontwo c; e_A£ Q n i aannon
01-02

ijlSOELCF
noaoon
01-02

Mean for
two Se.QSo/)s

B^ock 8 29.2** 57.6* 51.0** 13.7** 13.8 19.F
1 2 TT» • 2 * * 104.6®* 77.4** 29.1* 67.6** 56.1**
P 2 71.7“* 43.3* 51.5** 11.7 £3.0 28.4*
K 2 3.3 5.5 10.0 5.7 6.9 5.2
1? 4 9.5 53.7** 12.3 10.4 63.3** 12.4
IE 4 7.5 5.5 7.7 15.2 0.9 10.8
PE 4 H.2 1.7 6.0 0.4 6.9 4.7
H 5 215.1** ”52.9** 237. C** 153.2** 366.0** 231.8**
IS 10 11.2 0.9 4.6 3.7 3.2 12.5
PH 10 7.6 12.0 9.0 0.9 11.5 5.6
m 10 7.3 23.1 7.6 2.1 9.3 8.7
WFl 2 17,1 7.3 0.4 3.6 6.2 3.3
B 2! 2 5.0 0.0 9.5 0.9 1.2 7.1
wfr2 2 43.3 18.0 3.0 20.4 12.4 4.7
Error 94 9.9 15.0 i •> O 7.0 6.5 8.6

^Slgaificaa’u at 5 por ccait Icrvcl 
i53ic?iific2nt afc 1 por aent lovol



taaljaia of voriaDco 
by G&C and geraniol ;i'ur jcranlol laid

A??m>ix m i  
ond i;opLtt\,l aeetate content of oil, 1981•02, doterninad

Ocrarcc df Oomniul .Mean it cron. a.aectaiio
tKiunres , . , . , ,• crnniol yield 

1joo—31 l98l“d2 Total

Olook □ 70.06* 26.13* 473.60** 629-6?** 1649.22**
I 2 17.96 29.14 41.57 112.20 162.25
? 2 45 .96 8.67 412.21 630.92** 1659.41**
X 2 6.59 12.41 15.9? 3.16 10.12
HP 4 58.16 51.43* 02. 89 255.'1* 396.41*
HI 4 86.73* 52.45* 40 .41 112.61 110.23
PI 4 90.77* 6.50 25.21 26.46 06.41
H 5 209.63** 595.45** 420.16** 4149-61*• 6216.44**

10 61.55 15.47 50.16 200.31 221.42
PH

w
10 54.14

1 X ■ T I
19.57 30.16

Vi V-/ V 1 1
150.*»5

. ■ • "Pfci
S57.«1

IE 10 46.52 22.12 25.42 200.67 AGO.21
S I 2 1̂ .01 13.47 15.61 16.21 12.47
-IP2! 2 28.57 2.46 18.45 14.31 3.11
SP2*2 2 46.71 27.55 40.51 1UJ.46 99.47
-J7QT 94 51.18 12.25 40.16 100.37 153.41

#3i(3iificcnt at 5 z«r coat Icvol
jiifir.fgifc ab 1 ^ar coat levol



M m o m

taalysia of tot I Mice for nitirô 'Cai, piioavLharun and pota^oim oontant
"SlpTHTB S

iUTEHDIX XIV

1
*
X
IP
n
IT
H
VH
PH
XH
HPX

d f

8rrar

8
2
2
2
4
4
4
5 

10
10
10
2
2
2
94

0 1  8 2

"Mean " " " 7______________ >uog-mj concent
oon. T u u >  1961- i :csafor tuo 31 i3£ for tuoITO

0.122 

0.115**
0.002 

0.007 
Q.Ood** 
0.056 
0.025 
0.039’ 
0.014 
0.019 
0.505 
0.011 
0.034 
0.034

0.153**
0.019
0 .023 
0.041
0.057*
0.036
0.035
0.1123*
0.013
0.016
0.022
0.097
0.019
0.056

0.013**
u.080**
^.013
j  . 0 2 0

0.047*®
0.019*
0.013*
.,.100**
0.010
O.010
j.005 
0.013 
0 .027 
0.023

* *

O^jto - 0.017 0.007

1.3x10“3 
G.7x10“3 
3.4s10“3
G.0s10“3 .-x **;.5sio
1.2x1o“3
2.1x10~3*
2.1x10“3*
G.ozIO”3
G.oxio""̂
G.5x10""3 
G.2z10“3 
G.2x10**3 
0.3x10“3
0.7.-1 O’3

yoara
2.0x10 
0.6x10’ 
4.0x10’ 
4.0x10' 
0.6x10* 
2.0x10* 
1.0x10" 
4.0x10* 
0.7x10* 
0.2x10* 
0.6x10* 
0.9x10* 
0.9x10* 
3.0x10*

.3*
-3
.3* *
■3a * 
‘3

■3*

■3
*3
•3
•3
3
3

—•** *
7 .4 ::1 0* * 3

1.0x10
3.6x10

“3
-3**

2.0z10“3 
2.1x10~3 
1 .0x10**3 
1.4x10^3
3.1x10
0.6x10“3 
0.7x10~3 
0.6x10“3
0.7x10
0.5x10
1.5x10

-3
r*3
-3

0.7x10 0.6x10- 3

1.15** 0,2 3* 0.10
0.34 0.04 0.16
O.IQ 0.12 0.02
0.55* 0.82** 0.71**
1.36** 0.74** 0.93**
0.56s* 0.08 0.24*
0.03 0.38** 0.14
0.93** 1.01** 0.93**
0.06 0.22* 0.07
0.05 0.06 0.04
0.15 0.10 0.10
0.10 0.22 0.11
0.02 0.20 0.04
0.26 0.08 0.10
0.13 0.10 0.07

•Significant a t 5 per cent lev el
‘ •sig n ifican t a t 1 per cent lev el



/UtSTJDIX XV

Analysis of ynrioncc fo r colciuLi and q o ^ c jIu li  aant ont or i/OLant
T—Soaroe dr Calcina oanbsnt Mean squares lUwajQBlm o on tentf9o1“tS2 iioan Tor 

tuo yenra 1y dO-81 1yu1- 02 Mean for two years
Hock 3 14.34x10~3>M 9.36x10“*“ 1.36x10“2 7.62x1o“3 6 • 0x10*"3 73.0x10*3* *
1 2 6.16x13“3 0.92x10“2 0.16x10“2 27 .OOxlO”3** 10.0x10*3** 23.0x10*5**
P 2 7 .32x10"3 1.01s10~2 0.13x10“2 6.04x1o“3 0.2x10*3 2.0x 10~3
X 2 3.53x10*3^ 0.3x10"2 0.6x10“2 6.52x10“3 4.0x10*5 1 .OxiO*5
IP 4 9.40x1Q*3* 0.4x10“2 0.3x1o“2 4.46x10"3 5.0x10*3 5.0x10*3**
sr 4 7.34x10“3* O.7x10“2 0.9x10“2 7.91x10“3** 10.0x10*3** 8.0x10*3**
pi 4 12.41x1Q*3* 1.2s10“2* 0.9x10“2 4.06x10"3 2•0x1Q*3 2.0x10*3
H 5 5.72x10“3 0.6x10“2 1.2x10“2 2.90x10”3 0.0x10 * 5.0x10*3**
in 10 2.7os10"3 0.6x10“2 0.6::10“2 2•37x1o“3 2.0x10*3 1.OxIO*5
PH 10 4.61x10“3 0.6x1O’2 0.8x10“2 3-96x10“3 3.0x10*3 2.0x10*3
zn 10 2.90x10“3 0.1x10“2 0.3x1o“2 2.75x10“3 4.0x10"3 3.0x10*3
HxK 2 3.24x10“3 G.6s10“2 1.4x 10“2 22.69x10 ' 25 .0x10*3## 23.0x10*3**
3P2! 2 1.70x1o"3 o.9xio“2 0.7x10"2 9.44x10“3 5.0x10“3 4.0x10*3
IP2!2 2 10.76x10"3 0.6x10“2 1.4x1O’2 0.75x10"3 1.0x10"3 0.2x10*3
Srrar 94 3.15x10~3 0.4x1cT2 0.6x10“2 2.69x1 o"*3 2.0x10*5 1.OxIO*5

*31jniflcant at 5 i>or cent level 
*901gniricanb at 1 ^er cent level



APrafDIX O T

A n a ly s is  o f  v a r ia n c e  f o r  u_ ta k o  o f  rLiti-o^jon, pUoojjhorua nrki ^ o ta o o lu u  by frho p l m |

Source df 31tro,;eja uotako Potassium uptake1980-a1 1901—52 -aolcd 
data for two 
ycoro

1 330— 81 1981-82 Pooled 
data for two 
years

1980—81 I9Q 1-82 Pooled date for two 
years

Ulock
I
?

3
2
2

**1416*2
-  H649-b »*347.7

_ » * 131^.4
056.5
340.5

5019U
260215_**2116.3

X' A 'O
w-»

9.30
42.7

*  X51.0
6.1
70*2

X X154.3
1.2

205/1

4364I8 
* #3337.7^ 

4532.3*

5543.1
215.54
1574.80

# *19114.2
4623.1
10020.0*

K 2 95.9 1dq4.2 2257.7 0 *4 27.1 50.3 1732.4 11013-?2 21954.8*
V? 4 105.1 256.4 421.5 o . r 3.3

*•
22.7 4553*18 8499.5*

n 4 73.9 1203.3 1117.2 4.5
>*•

19.5 43.5 1358.1 1461.74 5127.3IT
H

4
5

33.3 
1470IS

430.3« n5331.3
6^9.3

11574.0
4.3 $ *

23.0n*
4.5w »38.2

27.7 
22214

509.3^ 
4267.S’

2817.89 
11545.5?

4199.7
26779.8*

IE 10 112.5 300.1 703.3 *?5 -3 6.5 12.6 389.0 1117.24 1552.5
PH 10 05.3 234.1 556.0 4.8 4.1 14.6 2&U.7 1118.13 2285.4
EH 10 33.6 344.0 477.9 2.2 10.1 15.6 477.0 1172.01 2687.3
H?S 2 11.6 107.2 44.3 0.1 17.7 16.6 645.0 3791.63 5218.3
rrp2! 2 105.0 213.1 420.5 2.9 9.5 H.2 490.4 196.28 241.0
IP2!2 2 507.3 272.3 1131.5 5.3 14.6 25.7 526.7 089.52 1844.5
Sp o t 94 70.5 236.0 419.7 2.0 6.9 12.7 487.4 1901.91 20Q1.8

•G i^alf leant a t 5 por coat lev el

••S ig ilf  le a n t  a t  1 i-cr cent lovel



JLLTHEDIX XVII

Analysis of v u rian o j fo r  u_ toko of calcluu and LiQ^aooiuLi tiy tlio plant

Ooarco If "alciv̂ i *4 > 4/ * JLLw w 3Cluores,IamofljLu|;l
1 3 80—01 19^1-02 i'Oolod data for 

tve
V GOTO

1380-81 1901-02 loclod dat for two 
yearo

Bloak 3 2L1 .0** 231.6"* 1337.1** 157.9** K *249.7 **769.5
3 2 SOD.4*' 370.3s* 9 ̂6 • 3 '* * 66.0** 260.3** 559.2**
P 2 247.9 s * 350.9** 1241.1*° 75.4** 06.1** 293.0**r 2 144.6* 1 DO.6 27 3.15 12.7 53.1 40.6
HP 4 16.6 55.1 1*3.6 22.4 30.6 09.6sr 4 34.7 43.5 76.7 13.0 138.1** 215.7**
21 4 40.9 35.0 94.9 9.6 4.3 25.6
3 5 107.3* 630.8** 1343.9** 1b3.7a* 730.2** 1512.2**

10 23.4 134.6* 199 .0 14.4 23.2 5Q.2
m 10 41.1 4 ~ .1 t -/ •Hr r ^ r - > 4.6 10.5 26.4
zn 10 12.6 42.1 77.1 0.6 56.9 02.7
UP* 2 42.1 22.3 14.0 30.0** 255.0** 501.8**
IP2! 2 1.7 27.7 112.8 43.9 105.3 195.1
. P ? 
W S ^ ir 2 16.6 ■35.9 64.4 9.2 37.7 02.3
drrqg 94 35.4 42.9 81.0 10.4 23.6 55.4

*3i£3iificcnt a t 5 per cant level
**3l£Liificcnt at 1 per cent level



Analysis of variance for total nl trogsn, avuilablu i’o0^ nnd available K?0 oontont
of the ooil after two yeara of the QTTj/bricant

UI3IDIX XVIII

Block 3 21313.61** 470.42 260.60
V 2 3016.94 10.36 72.42
P n4» 2514.64 1052.63* 36.91
1 2 2619.75 20.42 272.73
VP 4 1916.40 48.61 150.15
VK 4 1012.63 40.23 130.46

4 046.20 52.41 250.20
H 5 6819.74** 60.36 120.21
IH 10 1246.61 2G.24 57.05
IH 10 1216.46 52.31 150.92
KH 10 84-2.65 34.73 62.47
BPS 2 1512.62 22.21 110.13
VP2! 2 2032.43 18.47 52.41
VP2!2 2 1942.17 36.23 20.60
tear 94 2824.12 502.65 600.25

*Significont at 5 per cent level
* •S ignificant a t 1 por cent lev el
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Palmarosa, an essential oil crop introduced in Kerala, 
from Maharashtra, nearly two decades ago, is spreading 
steadily la the pialas and midland regions of North Kerala. 
Several agro-techniques have yet to he standardised for the 
commercial cultivation of this crop in the State. The 
present studies were undertaken at the Aromatic pnfl Medicinal 
Plante Research Station, Odakkaly during 1980- '8 4  to obtain 
information on the nutrition of palmarosa, optimum harvest 
intervals to ensure maximum herbage and oil yields and the 
factors influencing the quality of oil.

The treatments in the major field experiment (1980-'82) 
consisted of three levels of N, and KgO, each at 25,
50 And 75 kg/ha along with six intervals of harvest at 40,
45, 50, 55, 60 and 65 days. The total number of treatment 
combinations wore 162 in a 3  ̂x 6 confounded asymmetrical 
factorial design. Tho main experiment was continued for 
another two yoaro limiting tho observations, to the yield of 
herbage and oil. This was then followed by an observation 
trial with intervals of harvest longer than tho maximum of
65 doye tried in the main experiment.

In the main experiment the herbage yield vns signi
ficantly increased by application of P2°5 ^2°* Nitrogen
did not have any eignifioant offeot on herbage yield 
poaeibly due to tha medium level etatua of soil N in the

ABSTRACT



^erimental plots. The oil yield was Bignifioantly 
enhanced by P205 application at 50 kg/ha. Different levels 

and K showed no significant influence on the yield of
oil.

Harvest intervals showed significant influence on 
herbage yield, oil yield and oil content and the maximum 
value was recorded by the 65 day interval.

A path analysis of the herbage yield with related 
cnaracters has shown that the height of the plant is the
most important yield attribute influencing directly the yield 
of herbage.

Path analysis of oil yield showed that oil yield is 
mainly dependent upon herbage yield. The direct effects on 
oil yield by yield attributes are found to be in the 
decreasing order of number of tillers with inflorescence, 
height of the plants and length of inflorescenoe. Maximum 
indirect affect via herbage yield is expressed by the height 
of the plant and length of inflorescence. All these directly 
and indirectly contributing factors arc soon to be markedly 
influenced by tho applioation of phosphorus and intervals
of harvoat*

Herbage yield and oil yield for various harvest 
lntorvalo obtained In the flrot two years wore fit tod In a 
Cobb-Dcughlua reoponoo function and tha expooted values 
«leulat«d were found to be very olooe to tho actual observed

values•



In the third and fourth year of the experiment, the 
ghest herbage and oil yields were recorded by 60 day 

interval followed by the interval of 65 days, A quadratic 
Sanction for the data pooled over for four years was fitted 
to see if the data show a diminishing return with an increase 
in harvest interval and it was found that the optimum 
herbage yield and oil yield were obtained when the harvest 
was done at 62 and 63 days interval respectively. The final 
observational trial also indicated that the herbage and oil 
yields were maximum for a harvest interval of 65 days beyond 
which it decreases.

Increase in the levels of both N and P tended to 
increase the content of geraniol and to decrease the content 
of geranyl acetate which are the price determining quality 
attributes of the essential oil. But the maximum interval 
of harvest viz., 65 days tried in the main experiment was 
not sufficient for moot of the physico-chemical properties 
of oil ouoh os specific gravity, refractive index, geraniol 
content, geranyl acotato content etc. to reach the minimum 
limit prescribed by 131. The observational trial showed 
that the oil obtained at intervale of 95 days and above 
satisfied the 131 specification with respect to all the 
phyalco-ohemioal properties of the oil. However, at thle 
herveat Interval the yield Itself wae considerably depressed 

compared to the yield at 65 day Interval.
Th, eoonom loe worked out for different Intervale of

harveab baaed on the ourrant market prloe of the oil paeein«

as



above the I SI limits as fe. 240/- per kg (oil from harvest 
intervals at and above 95 days) and those below them at 
Fs.220/- per kg (oil from harvest intervals of 55, 65, 75 

and 85 days) it has been found that a wider cost benefit 
ratio and net return per rupee investment are obtainable 
for harvest intervals ranging from 65 to 85 days. However, 
65 day interval has the advantage of early returns from 
the investment. Application of 50 kg PgO^/ha in view of 
its significant effect on herbage yield, oil yield and 
oil quality increase the net profit per rupee invested 
for the harvest interval of 65 days.

The a v e r a g e  rem o v a l  o f  II, P, K, Ca and Mg from t h e
s o i l  by p a lm a ro sa  p er  h e c t a r e  p er  y e a r  l ias  a l s o  been
worked o u t . The optimum f e r t i l i s e r  l e v e l  f o r  palm arosa  
i s  25 k g  II, 50 k g  P?0 5 and 25 k g  K20 p er  h e c t a r e  o v er  an
a p p l i c a t i o n  o f  sp e n t  g r a s s  a t  5 to n n e s  p er  h e c t a r e  p er  y e a r .
The optimum h a r v e s t  i n t o r v a l  i s  65 days. TIiIb would give 
maximum h orb a go  y i o l d ,  o i l  y i o l d  ond e a r l y  r e t u r n  from
i n v e s t m e n t s .


