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I INTRODUCTION

Fennel, commonly known as Saunf or Badi Saunf,
belongs to family Umbelliferae and gemus Foeniculum,
It is a stout, glabrous, aromatic herb, 5-6 feet high,
leaves pinnately decompound; flowers small, yellow and
in compound terminal umbels; fruits oblong, ellipsoid
or cylindrical, 6-7 mm in length, straight or slightly
curved, greenish or yellowish brown, mericarp 5 ridged

with prominent vittae (Anon,, 1956).

The plants belonging to the genus Foeniculum

are of annual, biennial or perennial herbs - distri-
buted in South Europe and the Mediterranean region,
Foeniculum vulgare Mill, is widely cultivated throughe

out the temperate and sub-tropical regions of the
world for its aromatic frults and have been used as
culinary spice by the Chinese, Indians and Egyptians
since time immemorial (Anon,, 1956 and Yelappan, 1977).

Pennel 1s a native of Southern Europe and Asigl
A large number of varleties and races differing in
size, odour and taste of the fruits, exist among wild
and cultivated fennels, They are hardly distinguishable
from one another and are regarded as races, varieties
or sub-species of Foeniculum vulgare. The varieties
vwhich yleld commercially important volatile oils are



generally referred to sub=species capillaceum and placed
under two distinect varieties, var, vulgare (Mill,) -
Thellung (cultivated or wild growing, ylelds bitter fennel
oil) and var,dulce (Mill,) Thellung (cultivated and ylelding
sweet or Roman or Florence fennel o0il), The variety vulgare
is cultivated chiefly in Russia, Rumania, Hungary, Germany,
France, Italy, India, Japan, Argentina and U,S,A, The
cultivation of var, dulce 18 confined to France, Italy and
Greece (Macedonia) im Southern Burope., However, Indian
fennel is sometimes regarded as a distinet variety Fanmorium

(Anon,, 1956),

Pennel is cultivated mostly as a garden or home yard
crdp throughout India at all altitudies upto 2,000 metres
and the area under femnel is fluctuating from year to year,
It requires a fairly mild climate and im cultivated as a
cold weather crop in the parts of Northern India, It does
not succeed s0 well in South India except at high elevation
(Anon,, 1956),

Important fennel growing states in Indiag are Gujarat
and Rajesthan, Kalra, Baroda and Ahmedabad in Gu,jarat and
Kota, Jaipur, Ajmer and Udaipur in Rajasthan are the importe
ant districts of fennel cultivation, Besides these places,
on a small scale it is also grown in some parts of Maharashtra,
Uttar Pradesh, Madhya Pradesh, Punjab, Blhar, Karnataka and
in Jammu and Kashmir (Velappan, 1977).



Fennel contributes substantially to the foreign
exchange earnings of our country, During 1983-84, India
produced gbout 30,000 tonnes of fennel seeds and exported
1552 tonnes and earned a foreign exchange of 1,218,853 lakhs
(Anon,, 1984b),

The plant is pleasantly aromatic and is used as a
pot herb, The leaves are used in fish sauce and garnishing,
Leaf stalks are used in salad (Velappan, 1977). Fenmnel
fruilts contain a volatile oil, Volatile oil content of
Indian fennel is only 0.7 to 1.2 per cent, whereas East
Puropesn fennel contains 4-6 per cent volatile oil (Velappan,
1977). The oil is obtained by steam distillation of crushed
fruits, It is a colourless or pale yellow liquid with a
characteristic taste and odour, The main constituents of
fennel oil is anethole (50-60%) and the other constituents
are d-.{= Fenchone, methyl chavicol, d- -pinene, camphene,
d-<f;phellandrene, dipentene and foenioulin (P-anol prenyl
ether). Basic constituents anisaldehyde and anisic acid
are also reported to be present, Indian fennel oll contains
over 70 per cent anethole amd 6 per cent fenchone, It

possesses a sweet taste (Guenther, 1950 and Rao, 1925),

Fennel o0il is largely used as a flavouring agent
in culinary preparations, confectionery, cordials and
liquors, It 1s also used in cosmetics and as an important
ingredient in medicinal preparations for infantile colic
and flatulence, The vermicidal properties of the o0il are



well known (Anon,, 1956)., The residue left over after
distillation of fennel oil from the fruits is used as
cattle feed, It contains 14-22 per cent proteins and
12-18,5 per cent fat (Guenther, 1950),

Dried frults of fennel have fragrant odour and
a pleasant aromatic taste, They are used for fla¥ouring
goups, meat dishes and sauces, bread rolls, pastries and
confectionery, They are also used for flavouring liquors
and in the manufacture of pickles, The fruits are included
in the officlal pharmacopoeias of all countries and are
considered useful in diseases of the chest, spleen and
kidney and are used in several pharmaceutical preparations,
A hot infusion of the fruits is used in indigenous medicine
to increase lacteal secretions and to stimulate sweating
(Anon,, 1956)¢

Thickened leaf stalks of florence fennel are blanched
and used as vegetable, The leaves are reported toc have
diuretic properties, The roots are regarded as purgative;

they have an aromatic odour and taste,

Ingpite of a number of its household, industrial and
medicinal uses in addition to the foreign exchange earnings
by this orop, 1t is not being exploited commercially in our
State. Since there is practically no information available
locally on the production technology on this crop, i1t is not



perhaps popular among the cultivators, Hence, in order to
develop the production technology and to popularise this
important crop among the local farmers, the present studies

were carried out, with the following objectivess

1. to study the main effects of nitrogen,

phosphorus and spacings on growth and
yield of fennel,

2, to study the different interaction
effects on the growth and yleld of

fennel,

3. to find out the best combination of
these factors to obtain the maximum
seed and oil yield in fennel,

and

4, to study the performance of fennel

erop under Bangalore condition,



REVIEW OF LITERATURE



II REVIEW OF LITERATURE

Any interruption in plant nutrition even for a short
period has a negative effect on the yield which cannot be
corrected by the supply of nutrients To attain the maximum
yield, there is a need to adjust the mutrient supply as
required by the plante during the various stages of growth
(Mengal, 1969),

As compared to other erops very little work has been
carried out on the agronomic aspects of essential oil
yielding crops and more so in fennel, Hence, literature
pertaining to the agronomic aspects (nutrition and spacing)
of fermmel and other related umbelliferous crops is reviewed

here under,

2.4 ronomic studies on fe

2,1, Effect of nitrogen and phosphorus on growth, yield
and_essentigl cil content in femnnel

As early as 1942, the cultivation and manuring of
some umbelliferous crops including fennel (Foeniculum
vulgare Mill,) have been studied by Boshart and reported

that fennel gave a decrease §m yleld with small nitrogen
application,



Stenzel (1958) discussed the practical points for
cultivation of fennel as gleaned from the actual growers,

culture and fertilization practices,

Velappan (1977) observed that fertilizer recommendation
for fennel varied from state to state, In Madhya Pradesh,
40 kg ¥ and 30 kg Po0g per hectare are being applied, In
Gujarat, fertilizer dose recommended for f§L55 fennel wes
100 kg N and 60 kg PyQ5 per hectare, Out of this, 40 kg N
and whole of PpQ; were applied as basal dose, 30 kg N, four
weeks after transplanting and the remaining 30 kg N at the
time of flowering, Band placement of fertilizers was found
to be most beneficial.

Higher rates of nitrogen application produced more
umbels per plant, increased the seed yield, oil yield and
oill percentage in case of fennel (Abdulleh et gl., 1978).

Paliwal and Singh (1979) reported the response of
fennel to inereasing levels of N from O to 90 kg/ha anmd P
from 0 to 60 kg/ha, There was & significant increase in
yield from 607 to 1675 kg/ha from increasing N and 1095 to
1314 kg/ha from increasing P,

Randhawa et gl. (1978) while studying the effect of
nitrogen levels and sowing dates observed a significant
influence of nitrogen on the seed yield. It was found



increased with each successive increase in the level upto 75
kg N/ha over the yield from control, The crop sown on 2ist
October gave the highest yield of seeds, The oil content in
the seeds was not affected by the sowing dates and nitrogen

levels,

In a fertiliger trial under the All India Coordinated
Spices and Cashewnut Improvement Project at Jobner, a positive
response to N was noticed for characters like plant height,
branches per plant angi?ftld. The seed yield was highest
(18,54 g/ha) at 45 kg N/ha as compzred to control (13,64 g/ha)s
However, phosphorus, Zn and B did not show any significant
response to any of the characters studied (Anon,, 1980),

Randhewa et al. (1981) in their thﬁee year nutritional
trial reported the significant response of nitrogen upto 100
kg/ha, where the seed yield rose from 5,08 to 8,51 g/ha, They
also reported the significant effect of phosphorus upto 40
kg/ha which resulted in the seed yield of 8,44 g/ha against
6,73 ¢/ha in control, showing thereby, a need to try still
higher levels of phosphorus, |

In another study, Randhawa and Gill (1982) found that
the application of 30 kg N/ha produced the maximum seed yield
(8458 g/ha) compared to control (5.65 g/ha), According to
them, an increase in seed yleld with the application of nitroge
could be due to its favourable effects on the yield attributing
characters like number of branches (22,79) per plant and
height of plant (97,35 om)¢



Afridi et al. (1983) used N, P,G; and/or K50 each
at 60 or 90 kg/ha, The plants receiving NyPsK at 90360490
kg/ha grew best, However, the maximum yield (19.9 g/ha)
was obtained in plots receiving the highest NPK dose,

At Jagudan, in g four year trial under the All India
Cowordinated Spices and Cashewnut Improvement Project (1980-83
the yleld difference due to various treatments was found to
be highly significant, The results showed that the treat-
ment combination N45+P§o+2n+B gave the highest yleld of
928.5 kg of seeds per hectare which was 68,5% more than
control (Anon,, 1983a).

Boati gt al. (1984) recommended the application of
60 kg N and 40 kg Péob per hectare for fennel under Rajasthan
condition, Out of this, 30 kg N and whole of P,(; were
applied as basal dose and the remafunivg 30 kg N just before
flowerings

2,%,2 Effect of different spacings on growth, yield gnd
essentiagl oil content in fennel

In North India, fennel seeds arevsown either by
broadcasting or in rows placed at 30-45 om apart (Joshi,
1961),

El-Hamidi and Ahmed (1966) ohserved a positive
correlation in the oil content in the plants grown under

different spacings in fennel,
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Lal and Sen (1971) examined nine samples of oil
from different types of seeds of Indian varieties of
Foeniculum vulgasre and concluded that the maximum yield
of oil could be obtained from very small seed types,
However it was not kmown whether the smallness of the

seeds was due to immaturity or the variety,

Velappan (1977) reported that the seceds were sown
in rows at 45 to 60 cm apart and when the seedlings were
of about four to five weeks old, they were thinned to 30
cm digtance within the row. A row spacing of 60 cn?geavy
soils and 40-45 cm on light solils were reported to give

higher yields,

El-Ggngaihi and Abdulla (1978) tried ridge spacing
of 20, %0 or 40 cm in fennel, They observed that the
widest spacing produced the tallest plants and the greater
mumber of umbels per plant, The seed yleld was also highest
at the widest spacing but the 30 cm gpacing produced the
highest sead yield and oil yield per hectares

Randhawa and Gill (1982) observed that the plants
sown in rows 45 cm apart gave the highest seed yield (8.46
g/ha) which was significantly superior to 30, 60, 75 and
90 em row spacings, However, the final plant height,
number of branches per plant and oil content were not

affected significantly by different row spacings.



In Andhra Pradesh for the fennel selection, Lam
Sel-II which is of 170 days duration and has a ylield
potential of 9,5 g/ha, one and half month old seedlings
are transplanted at 2'x2' spacing in August, A seed rate
of 3-4 kg/ha and 8-9 kg/ha is required for transplanting
and direct sowing with seed drill, respectively has been
recommnended, In direct sowing the seedlings are later

on thinned to required density (Anon,, 1984a).

Under Rajasthan condition, the recommended spacing
for transplanting the fennel is either 80x60 or 100x60 cm
to obtaln higher yields, In Chilll growing areas the
fennel is grown as a mixed or intercrop with chilli(Bhati
et al., 1984),

2.2 pgronomic studies on other related crops

2,21 Effect of different levels of nutrients on growth,
yield and essential oil content in other related

umbelliferous ocrops

1"

Boshart (1942) reported the cultivation and mamring

of some umbelliferous crops like caraway (Cgrum cgrvi),

coriander (Coriandrum sativum), aniseed (Pimpinella anisum)

and fennel (Foeniculum vulgare)., He found that the yield

of caraway increased with N application (40 kg N/ha in the
first year and 70-80 kg N/ha in the second year), The Py0g

requirement was not large and K50 requirement was still

smaller, although the essential oil content in the fruits
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and quality (Carvone content) was not appreciably influenced
by fertilizer application, Coriander requires smaller N
application (maximum 60 kg N/ha) than caraway and its need
of E,0 is greater than that of P205‘ The essential oil
content in coriander fruits increased with an increase in
fertilizer application, Anise showed a small increase in
the seed yield as influenced by the fertilizer application
but there was a substantlal increase in the essential oil
content (upto 24%) with mutrient application, especially
E205 which gave good results,

Duhan et al, (1974) in case of Dill (Anethum
graveoleng) reported that the highest seed yield of 7,89
q/ha was obtained when plants were sown in the first half
of October and given the highest fertilizer rate (90 kg N/ha).

Balbsa gt gl. (1975) conducted experiments on
phosphorus nutrition in Ammi majus and reported theat
different levels of P (0-100 kg/Feddon) did not show any
effect on plant height, number and size of umbels and

weight of 100 dry fruits,

Pillai and Bhoominathan (1975) reported that the
highest seed yield (866 kg/ha) was obtained by the appli-
cation of 20 N, 40 P2°5 + 20 Kéo which was significantly
superior over no fertilizer treatment, The increased |

yield in this instance was 25 per cent,
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D11l (Anethum sowa) when applied with 60 kg N and
30 kg P205 per hectare produced the higher growth and yield
of seeds and there was no increase in essential oil content

at higher N and P levels (Afridl et gl., 1978).

In case of coriander (Corigndrum sativum), Singh
et al., (1979) reported that plents receiving 90 kg N/ha
gave the best results of yield (over 6 g/ha), plant height
(88.75 ocm) and number of umbels (7.96/plant),

In Karnataka, to obtain a good yield of coriander
application of 36 kg N, 36 kg Py0g and 36 kg K,0 per
hectare along with 6000 kg of FYM or compost under rainfed
condition is recommended, By the application of these
practices an yield of about 5-7,5 quintals of coriandex
gseeds per hectare could be obtained (Anon,, 1981)..

Trivedi (1981) and Ysdav and Gupta (1981) found that
the optimum dose of nitrogen and phosphorus for Anise was
20330 kg/ha and 40330 kg/ha, respectively, The fertilizer
application did not affeect the oil content but improved the

total recovery of oil due to the inorease of seed yield per

hectare.

Bains gt al. (1982) reported that celery (Apium
graveolens) yield increased consistently with the increase
in the level of N, Application of N at 100 kg/ha and higher
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doses were sigificantly superior over control, whereas,
the phosphorus application induced non-significant increase

in yleld,

Gupta (1982) in case of Dill (Anethum graveolens)
reported that increasing levels of nitrogen enhanced the
plant height upto a level of 40 kg/ha, Rurther, the crop
yleld showed that all doses of nitrogen and phosphorus
differed significantly and there was thus a linear effect
of nitrogen and phosphorus, The best results were obtained
from the combination of N (60 kg) and Pp05 (40 kg/ha)
(0.706 kg/10 sq.m, ), although the oil content did not
differ significantly,

Application of 20-30 kg N, 40 kg PZOB end 20 kg K2O
per hectare along with 10 tonnes of FYM in Lam=C, S,4 cori-
ander resulted in the yield ranging from 14 to 15 q of
dried seed per hectare, AJwan, Omnmg-Iem-Selection-II when
applied with 20 kg N, 40 kg PéOB and 20 kg Kéo and 5 tomnes
of FYM gave an yield of 10 g/ha (Anon,, 1984a),

Ibrahim et al, (1984) reported that the dry matter
yleld, N and P uptake of roots and vegetative mass of Ammi
visnaga were significantly increased by N application upto
60 kg/ha, The application of P upto 30 kg/ha significantly
increased the dry matter yield and uptake of N and P by the

vegetative mass,
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With regerd to nitrogen requirement of Ammi majus,
Duhan gt al. (1985) reported that the erop which was sowmn
in the second fortnight of October and applied with 90 kg
N/ha gave the highest seed yield of good quality,

Ghosh et al, (1985) reported that ir case of cori-
ander (Coriandrum sativum), the nitrogen application at 60
kg/ha markedly increased all the yield attributes like plant
height (54,50 cm), number of primary branches per plant
(1.85), number of secondary branches per plant (7.16),
number of umbels per plant (21.,85), number of seeds per
umbel (19,57), 1000 seed weight (10,75g) and ultimately the
vield (20,059) per hectare, On the other hand, phosphorus
application at various levels had no appreciable effect on
those characters except the yield which was maximum (18,09
g/ha) when applied with 40 kg Pp0; per hectare, Interaction
effect of NP at 60 kg N and 40 kg P per hectare was found
to influence greatly the yield (20.6 g/ha).

Pareek and Sethi (1985) reported that an application
of 50 kg N/ha significantly increased the plant height
(75.8 cm), number of branches per plant (13,2), number of
umbles per plant (13.2) and finally seed yield (11.2 gq/ha)
by 17.7, 32,0, 26,9 and 18,1 per cent, raspectively over
the control in coriander, Higher level of nitrogen (90 kg/ha)
only marginally increased the seed yield but the difference
between 60 and 90 kg N/na was ' statistically non-significant,

———
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In case of Anise (Pimpinella anisum), Sethi (1985)
reported that the application of 80 kg N/ha (in three splits
of 40 4+ 20 + 20 kg each) increased the seed yield by 94 per
cent over control, This also resulted in the increase of
oil yield from 6,53 to 12,62 kg/ha, However, application
of phosphorus did not show any effect on seed yield, The
oil content in seed and its quality were not affected by
the nitrogen and phosphorus treatments,

2,2,2 Effect of different spacings on growth, yield and

esgential oil content of related umbelliferous
ero

Singh (1963) suggested that the spacing of 45x30 cm
was optimum to obtain maximum yield of Ammi majus and Ammi
visnaga at Chakarta,

El-Hamidi and Ahmed (1966) observed a positive
correlation in plant growth with oil content in the fruits

of cumin (Cuminum gyminum),

Bradu and Atal (1970) recommended a spacing of
90x60 cm as optimum for Ammi majus under Jammu condition,

In Karnataka, coriander seeds are sown by drill in

rows at 20 cm apart by adjusting the sowing to drop the



17

geeds at a distance of about 15 cm within the row for

seed crop of coriander (Anon,, 1981),.

Celery (Apium graveolens) when transplanted at a
row spacing of 50 cm and applied with 150 kg N/ha gave
the highest yield (17.6 g/ha) followed by a row spacing
of 45 om and applied with 150 kg of N/ha which gave 17,0
g/ha of seceds (Bains et al., 1382);

In case of Dill (Anethum graveolens), Gupta (1982)
observed that the spacing of 30x30 cm and 45x20 cm resulted
in higher erop yleld than other treatments, The spacing
of 45x20 cm gave a higher total yield than the spacing of
30x30 cm, although the plant population in both the cases
remained the same, However, the difference between them
was not significant, It was further noted that the closer
spacing of 30x20 cm had reduced branching in the crop., The
ridge sowing in Taral region produced better plant growth
and resulted in higher yieldy

In case of Ammi visngga, Ahmed et al. (1983) found
that plants grown at 20 cm apart produced significantly
lower number of umbels (17) per plant when compared with
those grown at a distance of 40 and 60 cm apart, The plants
raised at 40 om spacing gave the highest number of umbels
(21) per plant, The fruit yield per plant gradually increased
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in plantings at wider distances than 20 cm apart and on the
other hand, the yield per unit area of fruits was higher
when plants were raised at a distance of 20 cm, They also
found that the plant height did not differe significantly
due to various spacings and the dense cultivation favoured

the fruiting in Ammi visnaga plant,

In Andhra Pradesh, coriander (Coriandrum sativum)

seeds were drilled adopting a spacing of 28 x 15 cm in
between and along the lines. The seeds were then covered
with Gumtako immediately after sowing, whereas for Ajwan,

the recommemded spacing was 60x15 cm, The seeds were sown

very shallow with seed drill and covered with a brush harrow

(Anon. [ ] 1 984&)0 v

Keeping in view the plant canopy and other cultural

practices in order to get high seed yleld, Randhawa et al,
(1984) suggested that Ammi majus might be plamted in rows
at 45 cm am at 30 cm spacing within the row, It resulted

in seed yield of 11,85 g/ha, plant height (153,35 cm), number

of branches (144.9) and number of umbels (93,95) per plant,

which was significantly superlor over control.

Pareek aml Sethi (1985) found that a row spacing of

45 cm was superlor over 30 and 60 em spacing in case of

coriander, The yield attributes like plant height (77.7

cm), number of branches per plant (12,8), number of umbels

per plant (12,8), number of umbellets per umbel 95.8),
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mnber of grains per umbel (10,1) and grain yleld per
heoctare (10.06 q) had an edge at 45 cm row spacing over
others, and it gave 15,1 and 21,4 per cent significantly
higher grain yileld over 30 and 60 om row spacings,



MATERIAL AND METHODS



III MATERIALS AND METHODS

The studies on the effect of nitrogen, phosphorus
and spacings on growth, yield and essential oil content
in Foeniculum vulgare Mill, were carried out at the Horti-
oultural Research Station, Gandhi Krishi Vignana Kendra,
Banga}ore, during Rabi season in the year 1984-85,

3.1 Geographical location gnd climate

The Horticultural Research Station, Gandhi Krishi
Vignana Kendra, Bangalore, 18 located at an elevation of
930 m from MSL on latitude 12°58' North and longitude of
TT®35!' East, The meteorological data during the crop
growth period are presented in Appendix I,

3.1.1 Soil condition

A plain plece of land having red sandy loam type
of soil with uniform foértility status was selected for
the experiment, The soll samples were collected from a
depth of 0-30 cm from the randomly selected spots. The
soil samples were analysed for available nitrogen, pho~
sphorus, potash, pH, organic carbon and electrical cone
ductivity, The results of the analysis are furnished in
Appendix II,



5.1.2 Experimental details

3.1.2.,1 Design ¢ Factorial split plot desigm,
Number of treatment combinations s %6
Number of replications s 3
Gross plot size 3 4.2 x 2.4 metres
Net plot sisze $ 3.6 x 1,8 metres

3..2,2 ZIreatments 7
(a) Main plot treatments(Nitrogen and phosphorus) s 6 Nos,

Levels of nitrogen s Ny = 0 kg/ha

N = 50 kg/ha

Ny = 100 kg/ha
Levels of phosphorus 3 Pb = 0O kg/ha
P.‘ = 25 kg/ha

P2 = 50 kg/ha

(®) Sub-plot treatments (Spacings or populations) s 4 Nos.

Symbol s?ggings go. of No., of No, of ©No, of
ows/plot plants/row giggts/ plants/ha
8, 60x15 6 12 T2 1,191,149
s,  60x20 6 y 54 83,533
S 45x30 8 48 74,074
5  45%0 8 ? 1,119,111



A view of experimental plot

PLATE 1
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3.1s3 ZPrepgration of e;gerimental plot

The experimental area was dise ploughed, Subsequently
the weeds were removed, clods were crushed and land was
brought to fine tilth, It was divided into required number
of main plots and subeplots, The main and sub-irrigation
channels were laid out taking into consideration the gradient
of the site, After the formation of main amd sub-plots and
channels, the main and subw.plot treatments were assigned to
the different main and sub-plots in each replication by using
the random table, Well decomposed farmyamimanure was applied
at the rate of 5 kg/plot (15 cart loads per hectare) and

- mixed well in the soil,

3.‘.4 Application of fertilizer

The nutrients were applied in the form of straight
fertilizers, nitrogen in the form of urea amd phosphorus in
the form of single superphosphate, Since the solls are rich

in potassium content it was not included in this experiment,

3.1.5 ZIime of gpplication
Full dose of phosphorus was applied at the time of

sowing seeds, whereas nitrogen was appllied subsequently in
two equal split doses, that is at 45 days of sowing and at
flower initiation, respectively,



3.1.6 Sowing of seeds

The seeds of commercial varliety of fenmnel, procured
locally were soaked in water for five days prior to sowing
(Anon,, 1983b), They were sown on 2nd November 1984 directly
into the field at varied spacings, The experimental plots

were irrigated regularly and kept free from weeds,

5.7 Thinning of excess scedlings

After 45 days from sowing when the seedlings were
established in the field, the excess seedlings were thinned
out into the respective spacings, leaving one seedling per
hill,

5.4.8 After cultivation

The plots were weeded twice in order to keep the
plots free from weeds They were irrigated regularly at a
weekly interval, The crop was earthed up after each top
dressing of fertilizer (urea) in order to prevent lodging,

5.1.9 Zlant proteotion

Aphids are the sericus pest affesting fennel,
particularly during flowering stage, To control them
effectively, four sprays of 0,03 per cent Dimethoate were
given at 10-15 days interval (Anon,, 1983b),
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3.1.10 Stage of hervest and harvesting

Since all the fruits do not mature at a time
harvesting of umbels was done as and when the umbels
attained a slight greenish yellow colour, Three harvests
of mature umbels were carried out at 10 days interval., The
last harvest being done on 18th April 1985, The harvested
umbels were then dried under shade and after 8-10 days of
drying they were threshed and seeds separated and
cleaned by winnowingse

3.4.,11 Distilletion of essential oil

The distillation of essential oil from the dried
fennel seeds was done by hydrodistillation, using Clavenger's
apparatus, For distillation, a known weight (50g) of the
dry fennel seeds were ground in 'Multiple x Grinder' into
a coarse powder ani taken in a flask added with water (half
the capacity of flask) and distilled for 1% hours, During
the distillation care was taken to keep the temperature of
the condensor sufficiently high to prevent the oil from
eongealing thereon (Guenther, 1950), The volatile oil that
distilled out was condensed and collected in voils,

3.1.12 Experimental obgervations
Sempling technigue s Five plants in each plot were
gselected at random avoiding the border row plants and they

were tagged for taking observations,



PLATE 2, Different stages of th owth
of umbel o2

PLATE 3, Umbel at harvesting stage



3.1.12,1 Growth parameters

(1) Plant height (cm) s The height of individual plant was
measured from the ground level to the tallest growing point
at 10 days interval starting from 60 days after sowing.

(11) Number of branches per plant s The observation on the

numbexr of branches was recorded by counting the number of

branches in each plant at the final harvest,

(114) Time taken for fir d flowerings After the
first plant flowered the observations on flowering were

recorded by daily counting the number of plants flowered
in each plot. A

(iv) Bumber of umbels per plant s The cumulative number
of umbels harvested at each time was used and the total

number of umbels per plant was calculated,f

(v) Size of the umbel s The diameter of each of the
harvested umbels was measured and expressed as the size

of the umbel,

(vi) Fresh and dry weight of plgnt 3 To observe this five
test plants in each plot were cut from ground level and their

fresh weight was recorded, Further, they were kept for drying
in a hot air oven at 60°C until they attained constant weight
and their dry weight was recorded.
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3.4.,12,2 Yield parameters
(1) Number of fruits per umbel s The data on the number of

umbellets per umbel was multiplied with the number of fruits

per umbellet end expressed as number of fruits per umbel,

(11) Fresh weight of seeds (umbelsg) per plant s In each of
the five plants, freshly harvested umbels from all harvests
were weighed along with their seeds and their total was
expressed as fresh weight of seeds (umbel) per plant,

(111) Dry weight of seeds (fruits) per plant s Fresly harvested
umbels were dried under shade, After 8 to 10 days of drying,

the umbels were threshed and seeds separated and cleaned by
winnowing (Velappan, 1977). The cumulative weight of dried
and separated fennel seeds from all the three harvests was

used to express as dry weight of seeds per plant,

(iv) Dry weight of 1000 seedg ¢ To record this observation,

1000 dried seeds of fennel from each plot were ocounted and
welghed,

(v) Seed yield per hectare s The data on the dry weight of
seed per plant was employed to compute the yield per hectare,

(vi) Percentage oil yield s Percentage oil yield was calculated
based on the essential oil yield from each of the seed sample
(50g) on dry weight basis,
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(vii) Total egsential oil yield s Total essential oil
yield per hectare was calculated based on the seed yleld

per hectare,

3.413 Soil gnalysig

5.1.13.1 Soil pH The pH of the soil was measured by using
a simple electrode pH meter (type Toshhiwal Model C 1-2), As
suggested by Jackson (1967), soil and water ratio of 1312,%

wae used for pH measurement,

3.1.13,2 Electrical conductivity s The goil and water

suspension ugsed for measuring the pH value was filtered and
with the help of a corductivity bridge the EC of the solution

was measured,

3.1,13.,3 Organic carbon s The organic carbon was estimated
by Walkely and Black Wet digestion method as desoribed by
Piper (1957)

5.1.13.4 Availgble nitrogem s The available nitrogen
content was determined by alkaline permanganate method
(Subbaiah and Asija, 1956).

3.Y.14,5 Availgble phosphorus s Bray's No,1 extractant
(0,03N ammonium flouride + 0,025N HCl) method was employed,
Phosphorus in the filtered extract was determined by
chlorostannous reduced molybdaphosphate blue colour method

(Jackson, 1967), The intensity of the colour was read
using a Spectrophotometer.
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3.1.13.6 Exchagngeable potassium 3 The neutral ammonium
acetate extract of soll was used to determine exchangeable
potagsium after ghaking for 30 minutes on AIMIL flame

photometer,

3,444 Plant sis
The plants were analysed for their total nitrogen

and phosphorus content.

3.1.141 Total nitrogem 3 The total nitrogen was determined
by Kjeldhal method as outlined by Piper (1957).

3.1.14,2 Phosphorug s The phosphorus content in plants
was determined by Vanadomolybdate method (Jackson, 1967)

3415 Statistical gnalysis snd interpretation

The data on various biometric observations collected

during the study were subjected to statistical analysis as
per the procedure eutlined by Sundararaj et gl. (1972).



EXPERIMENTAL RESULTS
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IV  EXPERIMENTAL RESUITS

The results of the experiment carried out during Rabl
season of 1984 to study the effect of different levels of
nitrogen and phosphorus under four different spacings on
growth, yield and essential olil content in Foeniculum yyulgare
Mill, are presented in this chapter,

4,1 Growth parameters
4.1.1 Jlant height

The data on the plant height as influenced by different
levels of nitrogen and phosphorus at different spacings and
their interactions are presented in the Tables 1a to 1¢ and
also illustrated in Fig.t.

The effeot of different levels of nitrogem on the
height of plant was not significant at 60th and 70th day
after gowing but it differed significantly among treatments
at 80th, 90th day after sowing and also at the time of hare
vest, In all the cases, N, level of nitrogen (100 kg/ha)
was found significantly superior to others, At the time of
harvest, this treatment (Na) recorded the maximum height of
plant (113,97 om) as compared to Ny level (103,11 om),

Phosphorus at all the three levels did not influence
the plant height throughout the growth period,
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Table 1a, Main effect of nitrogen, phosphorus and spacings
on plant height (cm) at different growth stages

Days after sowing

Treatment At harvest
60 70 80 90
X, 20.8% 44,94 82,66 98,24 103,11
& 20,87 46,94 87.25 104,33 110,31
N, 21.82 48,71 92,7 108,38 113.97
CD at 5% NS NS 5.33%% 6,97 2,T9ne
Pb 20,96 46,66 85.77 104.13 107.66
By 20,67 45,66 86,48 102,61 108,70
P, 21,90 48,27 89,82 104,40 111,02
CD at 5% NS NS NS NS NS
L 21,63 47,74 86,86 104,45 108.34
S, 21,65 48,18 88,74 104,73 110,02
Sy 20,37 44,53 84,60 101,38 108.11
S 21,05 47.03 87.25 104,32 110,06
CD at 5% NS NS NS K8 NS

#* Stenificant at 1% probability level

NS = Non-significant
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OF GROWTH IN Foeniculum vulgare  Mill.
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Table 1b, Interaction effect of Main x Sub- (a) nitrogen and

spacings, §b) phosphorus and spacings, on plant
height (om) at different growth stages
Dgys after sowing
Treatment At harvest
60 7O 80 90
(a) M x 8
Ng Sy 21,22 44,31 82,77 99.76 103,17
KoSo 19.94 45,44 83,94 98,17 101.84
No 53 21.48 45.73 82,08 96,76 102,14
N, 8, 20.42 47,22 90,82 105,14 107.48
N9 22,26 49,84 88,75 106,82 112,86
NS; 19.48 43,15 83,23 102,18 11148
N 8, 21,33 47,62 86,22 104,03 109,72
N231 23,24 51,68 93,00 108,50 114.38
N3, 22,75 49.27 93.55 103.19 115,36
NpSs 20,15  44.71 88,49 105,20 111,02
NpS, 21,15 49.18 93,68 110.63 115,15
CD at 5% NS NS NS NS 1

Contdo XX



Table 1b(contd)

Days after sowing

Treatment At sowing
60 T0 80 90
(b) Px S | .
Pbs| 22,35 47.93 87.09 104,00 105,95

Py,  19.58  45.11 83,69 104.61 107,00
BSs 20,22 46,15 85.26 103.44 106,97

ByS, 2077 46,80 87,71 10245  107.80
B S, 2243 47,46 89,43 10497 112,08
BS; 19,40 42,43  83.40 100,58  108.16
ByS, 20,37 46,30  85.43 102,47 106,79

RS, 2.5 48.48  91.79 106,93 111,28
P,S,  23.24 52.28 93,12 104,61 110,98
B8 21,51 45.02 85,14 10043 109,22
P8, 2011 4T3 89,27 105.97 112,61

D at 5% NS NS X8 N3 NS

NS = Non-significant
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Plant height was also not affected by the four

different spacings under which they were grown,

With regard to the influence of nutrient levels (NP)
on plant height, theré ;as a significant difference observed
at 80th and 90th day after sowing, and also at the time of
harvest, At 80th day the maximum plant height wés recorded
at NP, level (93,55 cm) which was closely followed by Ny Ry
(9@;80 cm) and N, (91,19 cm) over the control (79,90 cm).
However, at 90th day the maximum plant height was recorded
“at NyP, levels (109.2 em) followed by N, Py (107.6 cm) and
Ny Po (106.9 em), The Nbi\ treatment recorded the least
(93.9 em), whereas, at the time of harvest the maximum plant
height was recorded by NPy level. (115,53 om) followed by
NoPp (114.5 om), NpPy (113.3 cm) and it was the lowest at
NoPy levels (96.7 cm).

None of the interaction effects of NS, PS ank NPS

were found to influence plant height significantly throughe
out the growth perlod,

4.1.2 Number of branches per plant

The &ata on the number of branches per plant as
influenced by different levels of nitrogen and phosphorus
at different spacings and their interactions are presented
in Tables 2a to 2¢ and illustrated in Pig.2,



Table 2a, Number of branches per plant as influenced by
' different levels of nitrogen and phesphorus

Treatment Yo 5, N, Mean
Po 6.93 8.18 T7.75 7.62
By 7.48 8.45 8.04 7.98
Mean 7.31 8.33 8,25
CD at 5% s N 0,45
CD at 5% s P ’ 0.45

Table 2b, Interaction effect of (a) nitrogen x spacings
and (b) phoschorus x spacings on number of
branches per plant

(a) N xS (b) Px 8
b 2 T B
S1 7.09 T.44 T.47 6.81 747 7.1
35 7.66 9.03 8.67 - 8,50 8,46 8,39
84 7.03 8.30 8.32 7.38 8,01 8,25
CD at 5% NS NS

NS = Non-significent

3%



Table 2¢, Number of branches per plant as influenced by
different levels of nitrogen and phosphorus
under different spacings

Treatment 3 8 I, 84 Mean

NoPy 730 7.66 .70 7.26 7.48
N, E, 7.48  8.20 9,20 7,85 8.18
N B, 7.88 8.22 8,45 8,91 8,36
NpBy 6,33 8,15 8,61 7,93 7.73
N, By 7.26 8,03 8,23 8,63 8.04
NP, 7.91 10,13 9.16  8.40 8490

Mean 7,23 8.25 8.45 7.88

F-test CD at 2

Comparison for any two main plot

treatments (NP) NS

Comparison for any two subwplot

treatment (spacings) - 0.406
For comparison of sub-treztments

at same level of main treatments NS

For comparison of maln tregtments
at same level of/or different
levels of sub-treatments NS

*significant at 5% probability level
##3ionificant at 1% probability level -
NS = Non~significant
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Individual effects of nitrogen and phosphorus were
significant, Nitrogen at Ny level (50 kg/ha) produced the
maximum number of branches (8,33) which was closely followed
by N, level (8.,23) and significantly superior over Nj level
(7.31). Phosphorus at P, level produced the maximum number
of branches (8,26) and was significantly superior over By
level (7.62).

Plants grown at different spacings exhibited signifi-
cant differences with regard to number of branches per plant,
The maximum number of branches per plant was recorded in the
plant grown at S spacing (8.45) followed by 8, (8,25) which
were significantly superior over $ and 34 spacings., The
lowest number of branches was ?ecorded in plants grown at Sy

spacing (7.23)«

Interaction etfects of NP, NS, PS and NPS did not

influence the number of branches per plant,

4,%.% Time tgken for first flowering

Observations on the time (days) taken for first
flowering as influenced by different levels of nitrogen
and phosphorus at different spacings and their interastions

are presented in Tables 3a, 3b and 3o,

The time taken for first flowering did not differ
signiticantly among individual effects of different levels
of nitrogen, phosphorus and their combinations (NP).



Table 3a, Number of days taken for first flowering as
influenced by different levels of nitrogen
and phosphorus

Treatments No N1 Iz Mean
Po T4.74 73.74 74.49 74.%3
P2 T4.16 75 .66 73.16 73.66

CD at 5% s N NS

CD at 5% s P NS

Table 3b, Interaction effect of (a) nitrogen x spacings
and (b) phosphorus x spacings on days taken
for first flowering

(a) ¥ xS (b) Px S
o § Hy o By Py
51 T4.33 73.66 T73.10 74,00 T73.66 T3.44
S5 75.22 T4.33 T3.T7T T5.22 T4.T7 T3.33
85 75.33 74,33 175.11 T4.44 T5.77T T4.55
8y 440  T3.44  T3.99 73,66 T4.,55 T3.33

CD at 5% s NxS 3 NS

CD at 5% s PxS s 1,21
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NS = Nenesignificant



Teble 3¢, Number of days taken for first flowering as
influenced by different levels of nitrogen and
phosphorus under different spacings

Treatments S1 s2 35 34 Mean

NP,  T3.66  T7.33  75.00  T3.00 T4,T5
NgPy  T75.00  T75.00 76,66  T4.66 75.33
NoP, 7433 T3.33  TA33 74,66 T4.16

B, 74,00  T3.33  T3.66 74,00 73,75
NEB  T3.33  T4.66 75,00 74,66 T4.41
NP,  T3.66  T5.00  T4.33  T1.66 T3.66

NoP, 7233 T1.66 5,00  T3.66 T3.16
Mean 73070 74044 74 092 73 .85

Fatest CD at 52

Comparison far any two main

plot treatments (NP) NS

Comparison for any two sub=-plot

treatments (spacings) o 0.609
For comparison of sub-treatments

at same level of main treatments e 1.826

For comparison of main treatments
at same level of/or different
levels of sub=treatments *e 1.009

* Significant at 5% probability level
#» Significant at 1% probability level
NS = Non-significant



Whereas, the significant difference was observed in case
of different spacings with regard to the time taken for
first flowering, The plants grown at Sy spacing (45x30cm)
took the maximum time for first flowering (74.92 days)
followed by Sp spacing which significantly differed with
the plants grown at § and 34 spacing, The minirum time
taken for first flowering was observed in plants grown at
8 spaoing (73,70 days).

With regard to interaction effectsof PS, time taken
for first flowering were found significant, The interactions
of P48y required the maximum time (75.77 days) which was
significantly higher than the other interactions,” The
minimum time (73.33 days) taken for first flowering was
noticed in plants receiving the treatments of Py 3y and P234

interactions,

Interaction effects of NPS were also found significant
for first flowering. Among the plants grown at S spacing,
the plants treated with NoPy level of nutrients required
the maximum time (75 dayas) for the first flowering, which
wes closely followed by NpPy and NyP, levels (74,33 days).
The minimum time taken for first flowering was recorded in
plants receiving N,Pp, level of nutrients (72.33 days).



#

Among the plants grown at 32 spacing maximum time
taken for first flowering was in control (77.3% days) and
the NéPé,level of nutrients required the minimum number of
days (71.66),

In 35 spacing, the treatment N,F, required the
maximum number of days (76.66) for first flowering which
significantly differed with the other treatments, whereas
the minimum days (73.66) were recorded in the N2 treat—-
ment which differed significantly,

In case of plants grown at 54 spacing, the trend
with regard to maximum time required for first flowering
wag same to that of 82 and 33 spaéing, whereas the plants
receiving NHE@ level of nutrients required the minimum time
(71.66 days) for its first flowering.

4.1.4 Time taken for 50% flowidring

Observations on the time taken for 50% flowering
as influenced by different levels of nitrogen and phosphorus
at different spacings and their interastions are presented
in Tables 4a to 4c,

Individual effects of nitrogen, phosphorus and spacings
ard their interaction effects among the NS, PS and NPS, all
of them were found non-significant in respect of the time
taken for 50% flowering, Whereas the time taken for 50%



Number of days taken for 504 flowering as
influenced by different levels of nitrogen
and phosphorus

Treatments '0 l| Nz Mean
B 84.91 82,58 83.41 83,63
P, 83.33 82,66 82,33 82.77
Mean 84.05 82,66 82,93

CD at 5% s N = NS

CD at 5% ¢ P = NS

Table 4b, Interaction effect of (a) nitrogen x spacings

and (b) phosphorus x spacings on number of
days taken for 50% flowering

(a) Nx 8 (b) Px S
LR T, BoOoH B
8 82,88 82,77 82.77 83.44 83.11 83,11
S, 84,11 82,55 82,77 83.44 83,66 82,33
S5 83,66 82,22 82,99 82,66 83,66 82,55
Sy 84,44 82,99 83,22 83.44 84.11 83,11
CD at 5% s NxS = NS CD at 5% § Px S = NS

NS = Non-significant



Table 4c, Number of days taken for 50% flowering as
influenced by different levels of nitrogen
and phosphorus under different spacings
Treatments 5 S S3 q‘ Mean
Nbe 84.33 84,00 83.33 84,00 83%.91
NCIH 83,66 85.33 85.33 85,33 84,91
NbPé 84.00 83,00 82,33 84,00 83.33
NHIb 82,33 83,00 82,00 85,66 82,75
Ny By 82,66 82.00 82,66 83.00 82,58
N,Pé 83%,66 82,66 82,00 82,33 82,66
NZPb_ 83,66 83,33 82,66 82,66 83.08
NyPy 83.00 83,66 83,00 84,00 83 .41
Mean 83,22 83.14 82,96 83.55
F-test
Comparison for any two maln plot
treatment (NP) #*
Comparison for any two sub=plot
treatuents (spacings) NS
For comparison of sub-treatments
at same level of main treatments NS
For comparison of main treatments
at same level of/or different
levels of sub-treatments NS

#* Significant at 5% probability level
#* Significant at 1% probability level
NS = Nonesignificant
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flowering differed significantly among different levels of
nutrients (NP), The maximum time (84.91 days) taken for

50% flowering was observed at NoPy level followed by N,B,
(83,91 deys) which significantly differed with other nutrient
levels, The minimum time was observed at NpP, level (82,33

days).

4.,1.,5 Total number of umbels per plgnt

The data on number of umbels per plant as influenced
by different levels of nitrogen and phosphorus at different
spacings and their interactions are presented in Tables 5a,

5b and 506, and illustrated in Fig,2,

Effect of different levels of nitrogen was significant
for the number of umbels per plant, The maximum number of
umbels per plant was recorded at N, level (23,63) which was
significently superior over § and Ny levels, The minimum
number of umbles recorded was at N, level (18,25), There was

a significant difference among Ng, Ny and Ny levels,

In case of different spacings influencing the total
number of umbels per plant, the plants grown at Sy spacing
recorded the maximum (23,62) which was significantly superior
over all other spacings, The minimum number cf umbels per
plant was recorded in plants grown at 8 spacing (18.39).



Table 5a, Total number of umbels per plant as influenced
by different levels of nitrogen and phosphorus

Treatuents No ll' N2 Mean
PO 16,46 20,70 21.31 19.49
P1 18,73 22,33 23,21 21,42
P2 19,56 20,05 26,38 22,00
Mean 18.25 21,02 23,63

CD at 5% § N = 2,63
CDat 5% 3§ P= NS

Table 5b, Interaction effect of (a) nitrogen x spacing
and (b) phosphorus x spacing on total number
of umbels per plant

(a) Nx8 (b) PxS8
¥ 5y Ny Po 2y Py
8, 16,7 23,06 25,02 19,22 22,02 23,55
Ss 20,88 22,51 26,88 22,13 23,75 24.40
Sy 18,17 20,97 22.26 19,33 21.82 20.24
CD at 5% s N® S = NS CDat 5% ¢+ Px S = NS

NS = lion=significant



Table 5¢, Total number of umbels per plant as influenced
by different levels of nitrogen and phosphorus
under different spacings

Treatments S 82 85 84 , Mean
Nbfb 16.26 15.86 18,20 15.53 16.46
Nbih 16,66 17.60 20,86 19,80 18,73
NbPé 18.80 16,66 23,60 19.20 19.56
Ny By 16,93 21,40 23,93 20,53 20,70
N By 18,26 24,40  25.40 21,26 22,33
WP,  17.46 23,40  18.20 21,43 20,05
Nélb 18,60 20,40 24,26 22,00 21,31
N2P1 19.40 24,06 25,00 24,40 23. 21
NpPp 23,13 30,60  31.40 20,40  26.38
Mean 18.39 21,60 23,62 20.47

P.test CD at 5%

.|
|

Comparison for any two main plot

treatments (NP) 4,553
Comparison for any two sub-plot
treatments (spacings) e 2,012
For comparison of sub-treatments

at same level of main treatmentsa NS -

For comparison of maln treatments
at same level of/or different
levels of sub-treatments NS -

#* Significant at 5% probability level
#* gignificant at 1% probability level
NS = Nonesignificant
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Bffeot of different levels of nutrients (NP) was
also found significant, The maximum number of umbels per
plant was recordéd in plauts receiving NpP, level (26,38)
followed by NpoPy(23.21) and Ny Py (22,33), All of these
were significantly superior over control which recorded
the minimum number of umbels per plant (16,46), Whereas,
individual effect of phosphorus and interaction effects
of NS, PS and NPS were found non-aignificant,

4,16 Size of the umbel

The data on the size of the umbel (cm) as influenced
by different levels of nitrogen and phosphorus at different
spacings and their interactions are presented in Tables 6a,
6b and 66,

Individual effeet of nitrogen and phosphorus signi-
ficantly differed for the size of umbel, The maximum size
of umbel was recorded in plants receiving Né level of nitrogen
(13,00 om) Ioilowed by Ny level (12,64 cm) which were signi-
ficantly superior over Ny level (11.44 cm),

In case of phosphorus, P2 level recorded the maximum
umbel size (12,98 em) followed by By (12.71 cm) which were
significantly superior over Py level (11,40 cm),

Size of the umbel galso differed signifiecantly in

plants grown at different spacings. The maximum umbel



Table 6a,

Size of umbel (cm) as influenced by different

| levels of nitrogen and phosphorus

Treatments Lb H' 32 Mean
Po 10,98 11.33 11.90 11.40
B, 11.18 13,46 13.48 12,7
’2 12,17 13.13 13,63 12,98
Mean 11.44 12,64 13.00

CD at 5% ¢ N = 0,736

P = 0.756

Table 6b, Interaction effect of (a) nitrogen x spacing
a(md)(b) phosphorus x spacing on size cf umbel
cm
(a) Nx 8 “(b) Px 8
% N 5, Fo By Py
S‘ 11.06 12,17 12,69 10,87 12.02 13,03
S,  11.30 12,61 13.34 11,23 13,06 12,93
35 12,37 13,27 12,99 12,00 13.44 13,20
CD at 5% ¢+ Nx § = NS CD et 5% 3 Px 3= NS

NS = Nonesignificant

\
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Table 6¢c. Size of umbel as influenced by different levels
of nitrogen and phosphorus under different

spacings
Treatments S, 32 85 84 Mean
NoPo 9.90 10,25 13,10 10,70 10.98
NbPé 12,60 12,41 12,13 11.55 12,17
N,PO 11.05 11.54 11.28 11.46 11.33
NﬁIﬁ 12,66 13.66 14,69 12,82 13.46
N,!@ 12.80 12,63 13.85 13.25 13,13
Nsz 11.66 11,92 11.62 12.38 11.90
NP, 13,71 13,82 13,62 13,39 13,63

Mean 14.97 12,414 12,88 12.18

Comparison for any two main plot
treatments (NP) “a 1.274

Comparison for any two sub-plot
treatments (spacings) * 0.579

For comparison of sub-treatments at
game level of maln treatments NS -

For compariscn of main treatments
at same level of/or different
levels of sub-treatments NS -
* Significant at 5% probability level
w® Sionificant at 1% probability level

NS = Non=significant
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slze was recorded in plants grown at 33 spacing (12.88 cm)
followed by 8, spacing (12,41 cm), Size of the umbel in
plants grown at 53 spacing was significantly superior over
8 amd S‘ spacings and minimum size of umbel was recorded
at 8 spacing (11.97 cm),

Effect of different levels of nutrients (NP) on the
size of umbel was significantly superior over the control,
The maximum gize of umbel was recorded in plants receiving
NoPp level (13.63 cm) followed by NP (13.49 om) and 5,2,
(13.13 cm), The control ( No%o )} recorded the lowest umbel
size (10,98 cm), Whereas, the interactions, NS, PS and NP3

were found to be non-significant,

447 Fresh weight of plant

The data on fresh weight of plant (g/plent) as
infiuenced by different levels of nitrogen and phosphorus
at different spacings and their interactions are presented
in Tables Ta, 7b and Tc and a}so illustrated in Fig,3.

Individual effeocts of nitrogen and phosphorus were
found significant with respect to fresh weight of the plants,
Plants receiving Ny level of nitrogen recordéd the uaximum
fresh weight of plant (51,30 g) followed by Ny level (48,21g)
and were significantly superior over NO level which recorded
the least fresh weight of plant (31,16g). Phosphorus at P,
level recorded the maximum fresh weight of plant (45,69g)
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Taeble 7a. Fresh weight of plant (g/plant) as influenced by
different levels of nitrogen and phosphorus

Treatments % L X, Mean
B, 24,56 42,74 53.04 40,11
Mean 31,16 48421 51.30

CD at 5% 3 N = 3.62
Pg 3.62

Table Tbs Interaction effect of (a) Nitrogen x spacing and
%b) phosphorus x spacing cn fresh weight of plant

g/plant
(&) Nx 38 (bp) Px8
N, 1A N, R, B, P,
8, 26,22 37,33 37.88 30,35 34,7 36,37
8 36.44 58.47 61,16 49.23 52.48 54,06
8, 28.46 41,56 49,78 36.54 39,65 43,62
CD at 5% 3 NxS = NS CD at 5% 3 PxS = NS

NS = Nonesignificant



Table 7c. Fresh weight of plant (g/plant) as influenced by
different levels of nitrogen and phosphorus under
different spacings

Treatments 8y G, 85 s‘ Mean
NOPO 20,33 28,13 29,00 20,80 24,56
NoP,  33.66  43.90 47,00 38,26 40,75
NP, 3445 46,56 52,10 38,16 42,74
Ny By 40,40 68,90 70,33 42,53 55.54
B,  36.58 58,32  66.61 50,66 53,04
NoPy 39,06 59,06 54,68 50,08 50.87
NP, 38,00 51.24 62,20 48,60 50,01

Mean 33 081 48057 51 095 390 93
F.test CD at §§

Comperison for ayy two main plot

treatments (NP e 6,265
Comparlison for any two_ sub-plot

treatments (spacings) »% 4,254
For comparison of subetreatments

at same level of main treatments NS -
For comparison of main treatments

at same level of/or different

levels of sub-treatments KNS -

#*# Significant at 1% probability level
NS = Non-significent
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which was closely followed by P, level (44.88g). These
were sigmificantly superior over the P, level which recorded
the least fresh weight of plant (40.,11g).

Effect of different combinations of nutrients (NP) on
fresh weight of plant was also found significant, Nutrients
at NyPy level recorded the highest fresh weight of plant
(55.54g) followed by NyP, (53.04g), NPy (50.87g) and N P,
(50.01g) which were significantly superior over control
which recorded the lowest fresh weight of plant (24.56g).

Plants grown at different spacings also differed
significantly in their fresh weight, The maximum fresh
welght of plant was recorded in plants grown at Sy spacing
(51.938) followed by S, spacing (48.57g) which were signi-
ficantly superior over 5 and S4 spacings,. Plants grown |
at 5 spacing recorded the lowest fresh weight of plant

(33.818).

Interaction effect of NS, PS ami NPS did not differ

significantly among themselves,

4.8 Dry weight of plant

The observations on dry weight(g) per plant as
influenced by different levels of nitrogen and phosphorus
at different spacings and their interactions are presented

in Tables 8a to 8c and also illustrated in Fig, .3.
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Table 8a., Dry weight of plant (g/plant) as influenced by
different levels of nitrogen and phosphorus

Treatments Bb l§ Ii Mean
B, 13,76 19.95 23.96 19.22
Py 13,73 23,62 22,88, 20,08
Eb 16,12 22.2% 24,77 21,04
Mean 14.54 21,93 23,87

CDat 5% s N= 1,90
P= NS

Table 8b, Interaction effect of (a) nitrogen x spacing
: and (b) phosphorus x spacing on dry weight of
plant (g/plant) ,

(a) Nz8 (b) Px 87, .

B N N Fo By 2
g 14,43 23.79 26,80 19,39 23,29 22,34
% 17.40 25,45 28,16 23.%2 23,74 23.94
8 13,66 20,74 22,77 18,78 17.87 20.51
CD at 5% 3 NxS = NS CD at 5% 3 PxS = NS

NS = Non~significant



Table 8c, Dry weight of plant (g/plant) as influenced by
different levels of nitrogen and phosphorus

under different spacings

Treatments S| 32 l, a‘ Mean
Nbib 12,00 12.15 18.38 12.53 13.76
sza 11.18 14.70 16.48 12,58 13.73
NbPh 14,83 16,46 17.33 15,88 16.12
N‘Pb 17.00 19,66 23,18 19,96 19.95
Ny By 17.60 28,60 29,83 18.46 25,62
N2, 17,22 26,35 2841 25,86 23.96
Né!ﬁ 17.46 28,58 24,91 22.58 22.88
NpPp 13.61 27.46 31.16 | 21,86 24, T1
Mean 16,05 21,67 23.67 19,06

E-test CD at 5%

Comparison for two main plot o
'~ treatments (NP) | .

‘Comparison for any two sub=plot
treatments (spacings) *%

For comparison of sub-treatments
at same level of main treatments NS

- For comparison of main treatments
at same level of/or different :
levels of sub.treatments NS

3.30

2,15

## Significant at 1% probability level

NS = Non-aignificant
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It 15 evident from the table that nitrogen at N2
level recorded the highest dry weight of plant (23.87g),
which was significantly superior over Ny and K, levels.
The lowest dry weight per plant was recorded in plants
receiving N, level of nitrogen (14.54 g). There was also
& significant difference among the levels of nitrogen
(Nog» &y and Ny),

Different levels of nutrients (NP) showed significant
effect on the dry weight of the plants, Flants receiving
Ny Py level of nutrients recorded the highest dry weight per
plant (24.77g) followed by NpP, (23.962), NP (23.62g) and
NpPy (22,88g) which were significantly superior over control
(13,76g). The lowest dry weight per plant was recorded at
NoPy leyel of nutrients (13.73g).

Plants grown at different spacings also differed
significantly in their dry welght, The trend on dry weight
per plant was also similar as in case of fresh weight per
plant, However, the individual effeoct of phosphorus and
interaction effécts of NS, PS and NPS on dry weight of
plant were all found nonesignificant,

4,2 Yield parameters

4.,2,% Number of fruits per umbel
The data on the number of frults per umbel as influenced

by different levels of nitrogen and phosphorus at different
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spacings and their interactions are presented in Tables

9a to 90 and illustrated in Fig,2,

Individual effeets of nitrogen and phosphorus on
number of fruits per umbel differed significantly. Plants
receiving N, level of nitrogen recorded the maximum number
of fruits per umbel (486,66) which was significantly superior

over Ky level which recorded the lowest number of fruits per

umbel (337.39).

Phosphorus at P, level recorded the maximum number
of fruits per umbel (487,08) and was significantly superior
over R, level which recorded the lowest number of fruits per
umbel (363,16),

Effect of NP interaction was significznt in respect
of number of fruits per umbel, The highest number of fruits
per umbel was recorded in plants receiving NP, (592.50)
followed by NyP, (524.37) and N,P, (495.87) and were signi-
ficantly superior over control'(NoPo) which recorded the
lowest number of fruits per umbel (302,12),

Plants grown at different spacings also differed
slgnificantly for number of fruits per umbel, The maximum
mumber of fruits per umbel was recorded in plants grown at
8 spacing (459.91) followed by S, (446.63) and S5 (442,53)
and were significantly superior over the plants grown at S
spacing which recorded the lowest number of frults per
umbel (367.44).



58

Table 9a., Number of frults per umbel as influenced by
different levels of nitrogen gnd phosphorus
Treatments No ll1 Kz Mean
Po 302,12 370.42 416,92 363,16
B. 33747 524,37 450,55 437,37
]h 372,85 495,85 592.47 487,08

CD at 5% s N = 92.42

P = 92,42

Table 9b, Interaction effect of (a) nitrogen x spacing
and (b) phosphorus x spacing on number of frulits
per umbel

() Nx8 (b) Px8 o

No N1 N2 PO P1 P2
&  301.41 389,00 411,90 351,50 333.75 417.08
ﬁz 353.16 443,06 543,66 359,75 425.25 493,91
8, 370,50 510,73 447,23 324,50 512,83 491,16
& 324,50 511,40 543,83 416,91 417,66 545.16

0D at 5% s NxS = NS : CD at 5% 3 PxS = NS

NS = Non-significant
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Table 9¢, Number of fruits per umbel as influenced by
different levels of nitrogen and phosphorus
under different spacings

Treatments 3 Iz 83 l4 Mean

NOPO 265,75 299.25 297,25 346,25 302,12
NoPp 365.50 378.00 442,75 305,25 372,81
5, Po 415,25 300,50 309,50 456,50 370,43
Ny Py 446,00 403,25 480,50 593.75 4395,87
Nzl’o 373.50 479,50 366,75 448,00 416,93
NoFPy 422,50 508,00 424,75 447.00 450,56
N2P2 439,75 643,50 550,25 736,50 592,50
Mean 367.44 446,65 442,53 459,91
F-test CD at Eﬁ
Compnarison for any two main plot
treatments (NP) Al 159,90

Comparison for any twc sub-ploct . T70.56

treatments (spacings)

For comparison of sub-treatments

at same level of main treatments NS -
For comparison of main treatments

at same level of/or different

levels of sub-treatments NS -

* Significant at 5% probability level
*# Significant at 1% probability level
NS = Nonesignificant
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However, the interasction effects of NS, PS and NPS

were all found non-significant,

4.2,2 Fresh welght of seeds (umbels) per plant

The data on the fresh welght of seeds (umbels) per
plant as influenced by different levels of nitrogen and
phosphorus at different spacings and thelr interactions are
presented in Tables 10a to 10e and illustrated in Fig.4.

Nitrogen at different levels affected significantly
the fresh weight of sceds (g/plant), The maximum fresh
weight of seeds was recorded in plants receiving N, level
of nitrogen (69.02) followed by Ny level (65,03) and were
significantly superior over Nb level which recorded the
lowest fresh weight of seeds (45.19g/plant),

Effect of different levels of nutrients (NP) on fresh
weight of seeds per plant were found significant, The
highest fresh weight of seeds was recorded in plants recel-
ving NyP, level (71.08) which was closely followed by N,E,
(70.16) and Ny P {(69,00) which were significantly superior
over control which recorded the lowest fresh weight of seeds

(40.75 g&/plant).

Plants grown at different spacings also differed
significantly for fresh weight of seeds, The highest fresh
welght of seeds was recorded in plants grown at S; spacing
(75.74 g/plent) which was significantly superior over all
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PTable 108, Fresh weight of seeds (g/plant) as influenced by
different levels of nitrogen and phosphorus

Treatments Nb lﬁ Né Mean
Po 40,74 61.33 70.16 57.41
I@ 50,58 64,77 71.08 62,15
Mean 45,19 65,03 69,02

CD at 5% s N= 8,17
P= NS

Table 10b, Interaction effect of (a) nitrogen x spacing and
b) phosphorus x spacing on fiesh weight of seeds
g/plantg

(a) N x8 (b) PxS

L) & L Po P Py

8  35.53 49,04 49,75 43.24 42,77 48.M
B, 4811 T0.T3 T3.26 62,28 66,55 63,26
8  56.44 80,19 90,57  70.T3 T7.48  79.00
8§  40.88 60,17 62.48 53,40 51.93 58,22
CD

at 5% ¢ NxS = 9.18 CD at 5% s PxS = NS

NS = Non-significant



62

Table 10¢, Fresh weight of seeds (g/plant) as influenced
by different levels of nitrogen and phosphorus
under different spacings

Treatments 81 82 33 q‘ Mean

Nbfa 23.13 47.46 59,26 37.13 44,25
NbPz 41,46 51.00 61,26 48,60 50.58
N,Pb 49,20 64,46 74.46 57.20 61.33
K‘lg 47.40 80,66 89.66 58,26 69.00
N,Pz 50,53 67,06 76.46 65,06 64.78
Mean 44,7 64,03 75.74 54,51

Comparison for
treatments (NP

Comparison for any two sub=plot
treatments (spacings)

agy two main plot

Por comparison of sub-treatments
at same level of main treatments

For comparison of main treatments

at same level of/or different levels

of sub-treatments

F~test CD at 22

*

L L]

NS

NS

14.15

5.30

*# Sionificant at 1% probability level

NS = Non~significant
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other spacings. The lowest fresh weight of seeds was
recorded in plants grown at 8y spacing (44.T1 g/plant),

There was a significant difference among four spacings

(S, S, S5 and 5y),

Interaction effeot of NS on fresh weight of seceds
per plant differed significantly, The maximum fresh weight
of seeds was recorded in plants receiving NpSz level of
treatments (90.57 q/plant) which was significantly superior
over all other treatments, The lowest fresh weight of seeds
was recorded in plants recelving No3 levels of treatments,
(35.33 g/plant),

Among the individual effect of phosphorus, and intere

action effects of PS and NPS, none was found to differ signi-
ficantly,

4.2,3 Dry welght of seeds per plant

The data on dry weight of seeds (g/plant) as influenced
by different levels of nitrogen and phosphorus at different
spacings and their interaetions are presented in Tables 11a
to 11¢ and ifllustrated in Flig, 4.

It 18 evident from the table 11a that plants receiving
nitrogen at Np level recorded the maximum dry weight of seeds
per plant (25,95g) which was signifieantly superior over 5
and Ny levels, The minimum dry weight of seeds was recorded



Table 11a, Dry weight of seeds (

&/plant) as influenced by

different levels of nitrogen and phosphorus

Treatments HG ’1 l! Mean
Po 13.43 20,13 26,06 19,87
P1 15,11 23,.8% 25,98 21,64
1’2 17.48 1. 21 25,79 21,50
Mean 15.34 21.72 25,95
CDat 56 ¢ N= 2,32
P= NS

Table 119, Interaction effeect of (a) nitrogen x spacing
b) phosphorus x spacing omn dry weight of

and (

seeds (g/plant)

(a) Nx8 (v) Px 8
Yo ¥ N, By By P,
l, 5.7 25.3% 27.82 21 .14 23,80 21,95
l, 18,80 2747 31.68 24.13 26,64 26,88
34 14,22 18,99 24,84 18,28 19,68 20,08

CD at 5% s NxS = 2,67

CD et 5% s PxS = NS

NS = Non-.significant
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Table 110, Dry weight of seeds (g/plant) as influenced by
different levels of nitrogen and phosphorus
under different spacings

Treatments I‘ 82 83 8‘_ Mean

NoEo 10.86  14.46 15,80 12,60 13.43
NoPy 1.7 16,06 19.40 13.26 15,14
NoPz 15.33 16,60 21,20 16.80 17.48
N1?o 16,93 20,40 24,93 18.26 20,13
A By 17,86 27.80 29.60 20,06 23,83
NP, 17.40 21,80 27,00 18,66 21,21
NEPO 20,13 28,46 31,66 24,00 26,06
NP, 19,73 27.53 30,93 25,73 25,98
321’2 18.46 27.46 %2.46 24,80 25,80
Mean 16,49 22,28 25,88 19,35

Comparison for any two main plot
treatments (NP)

Comparison for any two subeplot
treatments (spacings)

For comparison of sub-~treatments
at same level of main treatments

For comparison of main treatments

at same level of/or different

levels of sub-treatments

F-test (D at 5%

»e
*

NS

NS

4.02

1.5

#* gionificant at 1% probability level
NS = Non~significant



in plants receiving Nb level of nitrogen, There was a
gsignificant difference between the three levels of nitrogen
(RO' N1 and Ez).’*

Bffeot of different levels of nutrients (NP) on dry
weight of seeds was also significantly different, The
maximum dry weight of seeds was recorded in plants receiving
KoB lovel of nutrients (26,06) which was closely followed
by NPy (25.98), NgPp (25.80) and Ny By (23.83) g per plant
These interactions were found significantly superior over
control which recorded the loviest dry weight of seeds (13,43
&/plant).

In case of plants grown at different spacings, the
trend observed in dry welght of seeds was similar to that
of fresh weight of seeds per plant, The maximum dry weight
of seeds were produced by the plants grown at Sy spacing
(25.88 g/plant), |

In case of interaction effect of NS, again the same
trend as in case of fresh weight of seeds was followed here
also, The maximum dry weight of seeds (31,68 g/plant) was
recorded in plants receiving NpSs levels of treatments which

was significantly superior over all other treatments,

Individual effect of phosphorus, interaction effects

of PS and NPS were not significant,
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4.2,4 Dry weight of 1000 seeds

'The data on dry weight of 1000 seeds as influenced
by different levels of nitrogen and phosphorus at different
spacings and thelr interactions are presented in Tables 12a

to 1200

It is evident from the tables that individual effedt
of nitrogen, phosphorus,spacing and interaction effects of
NS and NPS differed significantly for the dry weight of 1000

seeds,!

S8ceds harvested from the plants receiving Né level
of nitrogen recorded the maximum dry weight of 1000 seeds
(6,63 gJ which was significantly superior over Ny and Ky
levels of nitrogen, The lowest dry weight of 1000 seeds was
recordéd from the plants receiving Nb level of nitrogen and
there was also a significant difference among the three levels
orfnitrogen (NO, § end Kp).

In case of phosphorus, the seeds harvested from the
plants receiving Py level recorded the maximum dry weight of
1000 seeds (6,57g) which was significantly superior over Bg
level. |

Effeot of different levels of nutrients(NP) with
regard to dry weight of 1000 seeds was found to differ

significantly, The seeds harvested from the plants receiving
H1Pb level of nutrients recorded the maximum dry weight of
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Table 12a, Dry weight of 1000 fennel seeds (&) as influenced
by different levels of nitrogen and phosphorus

Iregtments Hb N% : li Mean
Ib 5.80 6.80 6,62 6,40
5.4 6,02 6.50 5,97
2, 6,35 6.60 6,78 6.57
Mean 5 IS 8" 6:41 6 N 6’
CD at 5% ¢ N = 0,145
P= 0,145

Table 12b, Interaction effect of (a) nitrogen x spacing and

(b) phosphorus x spacing on dry weight of 1000
fennel seeds(g). .

(a) Nx 8 (b)y Px 8
B & o L K B
LR 5.5 5.9%  6.40 5.9 5,85 6,06
3! 5-95 6040 6-7’ 6.75 5.45 6088
L 5.80 7.0 6,75 6,25 6,78 6,55
q. 5.85 6.47 6,63 6.7t 5.80 6.80
CD at 5% 3 NxS = 0,734 ¢D at 5% s PxS = NS

NS = Non-significant
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Table 12¢, Dry weight of 1000 femnel seeds (g) as influenced
by different levels of nitrogen and phosphorus
under different spacings

Treatments 3 Sy 35 S Mean
Ny R, 5.55 6.10 5.50  6.10 5.81
Rblﬁ 5040 5905 5.95 5025 50‘1
HOPZ 5.60 6.70 6.00 7.05 6.33
B, 6,10 7.10 7,00  7.00 6.80
N, B, 5,55 5.0 7,30  6.15 6,02
N2, 6,15 7.00 6.75 6.50 6,60
Népb 6015 7.05 6025 7.05 6.62
NP, 6.60 6,20 T7.10 6,10 6.50

Mean 5{95 6.36 6.52 6045

E-test CD at 5%

Comparison for any two main plot
treatments (NP) *a 0.252

Comparison for any two sub-plot
treatments (spacings) " 0.150

For comparison of sub-treatments '
at same level of main treatments *a 0.451

For comparison of main treatments
at same level of/or different

levels of sub-treatments e 0.469

## Significant at 1% probability level



seeds (6,80g) which was closely followed by N, P, (6.788)
and NyPy (6,62g) and were significantly superior over
control (5.81g).

The dry welght of seeds in plants grown at different
spacings also differed significantly. The highest dry weight
of 1000 seeds wae recorded fram the plants grown at Sy spacing
(6.52g) followed by S, (6.45g)and 8, (6,36g) spacings and were
significantly superior to Sy spacing which recorded the lowest
dry weight of 1000 seeds (5.958). Seeds harvested from the
planta grown at 33 gpacing were significantly sgperior over
the plants grown at 5 and 52 spacings.‘

Interaoction effects of NS were significant for the
dry weight of 1000 seeds, Seeds harvested from the plants
receiving N1S3 level of treatments recorded the maximum dry
weight of seeds (7.01g) which was significantly superior over
all other treatment levels,

Interaction effects of NPS also differed significantlyy
In plants grown at 8§ spacing and receiving NoBy level of
mutrients recorded the highest dry welght of seeds (6,608)
folloved by NpP, (6.45g8) which was significantly superior
over control (5.55g).

With regard to plants grown at 32 spacing, the maximum
dry weight of seeds was recorded in plants receiving N,Pb
level of nutrients (7.10g) and was closely followed by NoP,



(6.95g). Both the treatments were found signifieantly

superior over control (6,10g).

Among the plants grown at 35 spaﬁing, the highest dry
weight of 1000 seeds was recorded in plants receiving Ny P4
level of nutrients (7.30g) which was also the highest among
all the treatment combinations (NPS) and it was superior
over control, which recorded the lowest dry welght of 1000
seeds 5,508).

In case of plants grown at S4 spacing the highest dry
weight of 1000 seeds (7.05g) was recorded at NyF, and NyP,
level of nutrients which was closely followed by LR 7 level
(7.00g) which were significantly superior over control
(6.108).

Interaction effects of PS did not differ significantly

among themselves,

4.2,5 BSeed yield per hectare

The data regmrding seed yield (g/ha) as influenced
by different levels of nitrogen and phosphorus at different

spacings amd their interactions are presented in Tables 13a
to 13¢c and illustrated in Fig.5.

Effect of different levels of nitrogen found highly
significant for seed yield, Application of nitrogen at N,
level recorded the highest seed yield (23.93g) which was
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Table 13a, Seed yield (gq/ha) as influenced by different
levels of nitrogen and phosphorus

g
Treatments Nb N Ré Mean
B, 12,45 18,63 24,04 18,38
Mean 14021 19099 23093

CD at 5% ¢ N= 2.26
' P = NS

Table 13b, Interaction effects of (e) nitrogen x spacing
?:?h(g) phosphorus x spacing on seed yleld

a
(a) Nx S (b) Px8
% K ¥ K Py P2
Sy 14,04 18,59 21,60 17,74 17.53 18.95
S, t3.08 18,51 23,47 17.58 18,90 18,28
S 13.92 20.86 23.46 17.87 20.46 19,91
8, 15,82 22,03 27.50 20,31 22,70 22,3

CD at 5% 3 NxS = NS

GD at 5% 3 PxS = NS

NS = Non-significant



Table 13¢, Seed Jgu_:eld as influenced by different levels
of nitrogen and phosphorus under different

spacl
pactnes (Seed yield s g/ha)

Treatments 3, 82 ﬂ, 84 Mean
NOPO 12,07 12.04 11.70 13.99 12,.45
H01’1 13,03 13.38 14,36 14,81 13.87
K2, - 18,80 16.99 18.46 20,29 18,64
N1P1 17.64 20,38 24.12 25,06 21,80
N192 19.33 18.15 19,99 20,75 19,55
szo 22,36 232.M 25,45 26,66 24.04
N2P1 21,92 22,93 22,971 28,29 24 .03
N2P2 20,51 22,88 24,04 27.55 23.74

 Mean 18,07 1825  19.41 21,78

F-test CD at 5%

Comparison for any two main plot . . .
treatments (Hl"gly »e 3.92

Comparison for two sub-plot : : '
treatments (sggginga) e 1.97

For comparison of sub-treatments
at same level of main treatments NS -

For comparisoa of main treatments
at same level of/or different
levels of sub-treatments NS -

## Sionificant at 1% probability level
NS = Non-significant
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significant over N1 and Nb levels of nitrogen, The lowest
seed yleld was recorded at N, level and there was a signi-
ficant difference among the three levels of nitrogen,

The different levels of nutrients (NP) affected the
seed yield significantly, The maximum seed yleld was recorded
in the plants receiving NyP, level of nutrients (24.04q) and
it was closely followed by N,Py level (24,03 q) which were
significantly superior over control (12.45@) on per hectzre
basis,

yield/ha | |
The seed /from the plants grown at different spacings

were also found significant, The maximum seed yield was
recorded in the plants grown at S, spacing (21.78q) which
was significantly superior over all other spacings. The
lowest seed yield was recorded from the plants grown at S

spacing (18,07q).

However, the individual effect of phosphorus and

interaction effects of NS, PS and NPS were found non-

significant,

4.2,6 BEssentigl oil content in seeds

The data on the .essential oil content (percentage
on dry weight basis) in seeds as influenced by different
levels of nitrogen and phosphorus at different spacings and
their interactions are presented in Tables 14a to 14ec.



Table 14a, Essential oil content (% on dry weight basls)
in seeds as influenced by different levels of
nitrogen and phosphorus

Treatments No l‘ l! Mean
) 1.43 1.49 142 1,45
P, 1.4 1.46 1.33 1.40
Mean 1.38 1.48 4,41

CDat 56 3 N = NS
P = NS

Table 14b, Interaction effects of (a) nitrogen x spacing
and (b) phos horus x spacings on essential
oil content on dry weight basig) in aceds

(a) "x 89 (b) Px 8
Hy N, L - By By Py
LY 1,32 1.48 1.4 135 141 1,45
& 1.3 1,46 1.3 1.33 1,40 1,36
g 1.48 1,53 1.5 1.51 1,56 1,45
& 1.43 1,45 1.4 151 1.4 1.35
CD at 5% s NxS = NS CD at 5% 3 PxS = NS

NS = Non-significant
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Table 14e, Essential oll content (% on dry weight basis)
a8 influenced by dfferent levels of nitrogen
and phosphorus under different gpacings

Treatments 3‘ 82 SB 34 Mean.

Nbgo 1.15 1.25 1.40 1.45 1.34
NPy 135 1.40 1,55 145 1,43
KbPz 1.46 1.30 1.50 1.45 1.41
N, 1.50 1,40 1,55 1,50  1.49
Ny Py 1.45 1.45 1,60 - 1.45 1.49
¥R, 140 135 160 160  1.48
NéPz 1.40 1.25 1.40 1.30 1.33
Meen 1,40 1,36 1,51 1,42

Comparison for any two main plot

treatments (NP)

Comparison £
treatments

For comparison of sub~treatments

or any two sub-plot
(spag{ngs)

F.test CD gt §§

at same level of maln treatanents

For comparison of main treatments

at same level of/or different

levels of sub-treatments

N8 e
* 0.098
NS -
NS -

* significant at 5% probability level

NS = Non-significant



The essentlal oil content in seeds differed signi-
ficantly in respect of spacings only., The highest essential
oil content was recorded in plants grown at Sz spacings
(1.51%) followed by S, spacing (1.42%), The essential oil
content in seeds of plants grown at SB spacing was signifi.
cantly superior over the seeds obtained from the plants
grown at S and S, spacing, The lowest essential oil
content was recorded in seeds of plants grown at Sz spacing
(1.36%), Vhereas, the effect of different levels of nitrogen,
phosphorus and interaction effect of NP, NS, PS and NPS were
all found non-significant,

4.2,7 Esgential oil yield
The data on essential oil yield (kg/ha) as influenced
by different levels of nitrogen and phosphorus at different

spacings and their intergections are presented in Tables 15a
to 150 and illustrated in Fig.5.

Individual effect of nitrogen at different levels
significantly influenced the essential oil yield., The
maximum yield of oil was recorded at No level of nitrogen
(35.28 kg) followed by Ny level (32,08 kg) which was highly
significant over NO level and recorded the lowest oil yield
(20,38 kg) per hectare.

The effect of different levels of nutrients (NP) on
oil yield also differed significantly. The highest oil yield
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Table 15a, Essential oil yield (kg/ha) as influenced by
different levels of nitrogen and phosphorus

Treatments nb l‘ Hé Mean:
2, 17,91 29,88 37.02 28,21
lk 20,20 35,27 35.23 3C.23
!b 23,04 31.09 33.59 29,23
Mean 20,38 32,08 35,28

CD at 5% s N = 6,45
P= NS

Taeble 15b, Interaction effects of (a) nitrogen x spacirg
and (b) phosphorus x spacing on essential oil

yield (kg/ha
(a) Nx 8 (b) Px S
%o o ¥ o B F2
8 19,40 30.93 32.54 25.80 27.41 29.35
% 17,59 30.74 31.09 24,73 28.87 25.81
5 21.90 33.61 37.47 29.36 32.T5 30.86
5 22,94 33.04 40,03 33,19 31.89 30.92

CD at 5% s NxS = NS

CD at 5% 3 Px3 ¢ NS

NS = Hon-significant



Table 15¢, Essential oil yield (kg/ha) as influenced by
different levels of nitrogen and phosphorus
under different spacings

Treatment 5 32 §, 34 Mean
Nbfb 15.11 15.53 18.46 21,54 17.91
nbia 16,99 18,83 23,11 21 .86 20,20
lofé 25,21 17.%8 24,12 25.43 23,04
K‘Pb 29,91 25,65 31.11 32,86 29,88
N&IQ 30,74 36,58 38.39 | 35.37‘ 35.27

NP, 3242 29,98 31,33 30.90  31.09

NB, 32,39 32,001 38,51 45,19  37.02

N By 34,50 3.2 36,75 38,46 35,23
N,F, 30,72 30,06 37,15 36,44  33.59
Mesn 27,52 26,47 30,99 32,00

F.test CD at §ﬁ

Comparison for eny two main plot | -
treatments (NP) e 11.162

Comparison for any two sub=plot .

treatments (spacings) *e 3.T1

For comparison of sub-treatments
at same lovel of main treatments NS -

For comparison of main treatments
at same level of/or different

levels of sub-treatments ‘ NS -

#* Sionificant at 1% probability level
NS = None-significant



was recorded from the plants receiving NZPb level of
nutrients (37,02 kg) which was closely followed by N, Py
level (35.27 kg)., These were highly significant over
tlke control, which recorded the lowest essential oil
yleld (17.91 kg) per hecotare,

The essential oil yield =~ in seeds of the plants
grown at different spacings also differed significantly,
The highest oll yield was recovered from the seeds harvested
from the plants grown at 3, spacing (32,00 kg) followed by
Sy spacing (30.99 kg) which was significantly superior over
the S84 and 82 spacings, The lowest oll yield was obtained
in the seeds harvested from the plants grown at 3p spacing

(26.47 kg/ha),

However, the individual effect of phosphorus and
interaction effects of NS, PS and NPS were found significanty

4,7 Plant analysis
4.3.1 Nitrogen content ln whole plant

The data on nitrogen content in plant tissues (% on
oven dry basis ) as influenced by different levels of
nitrogen and phosphorus at different spacings and thelir

interactions are presented in Tables 16a to 16¢,

It is evident from the tables that nitrogen content
in plant tissue was highly significant among the different
levels of nutrients, spacings and their interactions.



Table 16a, Nitrogen content in plant tissue (% on oven

dry welght basis) as influenced by different
levels of nitrogen and phosphorus

Treatments No X X Mean
P, 2,204 2.153 2,157 2,17
By 2,005 2,271 2,470 2,152
Mean 20131 20173 20302

CD at 5% 3+ N= 0.017
P= 0,017

Table 16b,, Interaction effects of (a) nitrogen x spacing
and (b) phosphorus x spacing on nitrogen
gon}.:er)xt in plant tissue{on oven dry weight

asis

(a) Nx8 (b)) PxS8

% 5 B B P

2,067 2,266 2,139 2,053 2,108 2,311
2187 247 2,310 2,227 2ATT 2,264
2,172 2,164 2,330 2,203 2,182 2,281
S 2,123 2,091 2,430 2,202 2,141 2.301

ot e

CD at 5% 3 NxS = 0,028 CD at 5% 3 PxS = 0,028




Table 16¢, Nitrogen content in plant tissue (% on oven
dry weight basis) as influenced by different
levels of nitrogen and phosphorus under
different spacings :

Treatments 85 q' 85 q‘ Mean
NoFo 1.995 2,375 2,175 2.273 2,204
NOR' 1.988 2,050 2,100 1.923 2,015
NOP 2,220 2,135 2,240 2,175 2,192
EHIb 2,170 2.136 2,205 2,100 2,153
Ny By 2,323 2,345 2,170 2,245 2.274
NéIa 2,015 2,135 2,275 2,55 2,170
Néfé 2.408 2,625 2,485 2,800 2,579
Mean 2,157 2,223 2,222 2.215

E-test QD at

Comparison for any two main plot

treatments (NP) , e 0,030
Comparison for any two sub-.plot : s

treatments (spacings) o 0.016
For comparison of sub—tre%gpents at

same level of main treatments
For comparison of main treatments at

same level of/or different levels

of sub-treatments - 0.124

## Sionificant at 1% probability level



Nitrogen content was the higheat (2,302%) in plant
tissues which received N2 level of nitrogen and was signi-
ficantly superior over Ny and Nb levels, The lowest nitrogen
content was recorded in the plants recelving N, level of
nitrogen (2.137%). The three levels of nitrogen (No, Ny and
Np) also differed significantly among themselves,

In case of plants that received different levels of
phosphorus, the nitrogen content in plant tissue was highest
at Py level (2,289%) which was significantly superior over
By and Pb levels, The lowest nitrogen content was recorded
in plants receiving P, level of phosphorus,

Effect of different levels of nutrients (NP) on
nitrogen content in whole plant was found highly significant,
The maximum nitrogen content was recorded in plants receiving
NoP, level of nutrients (2,579%), which was significantly
superior over all the other nutrient levels, The lowést
nitrogen content was recorded in plants that received Nbfi
level of nutrients (2,015%),

With regard to effect of different spacings on
nitrogen content in plant, the highest nitrogen content
was recorded in plants grown at S, spacing (2.223%) which
was closely followed by 33 spacing (2.222%) and Sy spacing
(2,215%), These were significantly superior over 8y spacing
which recorded the lowest nitrogen content (2,157%).



In NS interaction, the highest nitrogen content was
recorded in plents recelving N284 levels of treatments
(2.430%) which waes significantly superior over all the other
treatment levéls. The lowest nitrogen content was recorded
in plants receiving N5y level of treatments (2,067%),

In case of PS interaction, the highest nitrogen
content was recorded in plants receiving PyS level of
treatments (2,3%11%) which was closely followed by Pp3y
(2,301%) and Pyy (2,281%), These were significantly
superior over the other treatment levels, The lowest
nitrogen content was recorded in plants that received PpS,
levels of treatments (2,053%) which differed significantly
with gll the other treatment levels,

Among the NPS interactions.in 8‘ spacing, the plants
receiving NoPp level of nutrients recorded the maximum
(2.408%) nitrogen content followed by NPy (2.323%) amd
Ny P, (2.305%) which were significantly superior over the
eontrol (1.995%),

Under 82 spackngs the maximum nitrogen cdntent was
recorded in plants receiving NyPp level of nutrients (2,625%),
which was significantly superior over all other nutrient
levels. The lowest nitrogen content (2.033%) was recorded
in plants receiving Ny Bo level of nutrients.
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In 33 gspacing, the highest content of nitrogen (2,485%)
was recorded in plants receiving NpP, level of mutrients; and
was significantly superior over all other nutrient levels.
The lowest nitrogen content (2,100%) was recorded in plants
receiving NoPy level of nutrients,

With regard to Q‘ spacing, the highest nitrogen content

(2,800%) was recorded in plants receiving NoPp level of nutrients
and was also the highest among all the RPS ireatment levels

and significantly superior over the rest of nutrient legels
emong S, spacing, The lowest nitrogen content (1.923%) in

plent was recorded in the plants receiving N021 level of

mtrients,

4.3.2 Phosphorus content in plant tissue

The data on phosphorus content (% on oven dry weight
basis ) in plant as influenced by different levels of nitrogen
ard phosphorus at different spacings and their interaotions

are presented in Tables 17a to 17ec.

It is evident from the tables that neither the main
effeots of nitrogen, ig’osphorus ad spacings, nor the inter- -
action effects of NP;‘PS and NPS did not show any influence
on phosphorus content in plant, Application of phosphorus
at different levels failed to influence significantly the

phosphorus content in plant tissuey



Table 1Ta. Phosphorus contemt in plant (% on oven dry weight
basis) as influenced by different levels of
nitrogen and phosphorus

Treatments No 11 '2 Mean
Po 0.184 0,143 0.148 0.158
P.‘ 0.167 0.139 0.159 0.155
1’2 0.148 0.126 0.174 0.150

CD at 5% ¢ N = NS
Pax NS

Table 17b, Interaction effects of (a) Nitrogen x Spacing
: and (b) Phosphorus x Spacing on phosphorus content
in plant {% on oven dry weight basinS

(a) Nx8 (v) Px8
8 0.150 0.130 0.170 0.152 0,162 0.137
S, 0.187 0.120 0,160 0,155 0,153 0,159
S5 0,177 0.138  0.155 0.168 0,149 0,153
CD at 5% s NxS = NS CD at 5% 3 PxS = NS

NS = Non-significant
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Table 176, FPhosphorus content in plant (% on oven dry weight
basis) as influenced by different levels of
nitrogen and phosphorus under different spacings

Ireatments S, 85 3, 3. Mean

NOPO 0,180 0.208 0,178 0.173 0.184
NoBy 0.148 0,195  0.158  0.168 0467
NoFp 0.123 0,158 0.195 0.118 0.148
X, 1’0 0.13% 0.120 0.160 0.155 0.143
N1P2 0.120 0.1%0 0.113 0.143 0.126
N,B, 0,140 0438 0,165  0.148 0.148
N2P1 0.203 0.153 0.150 0.130 0.159
N2, 0.168 0.190 0.150 0.1490 0.174
Mean 0,150  0.456  0.156  0.155
Y
B-test GDat 5%

Comparison for any two main plot

treatments (NP) NS -

Comparison for any two sub-plot

treatments (spacings) NS -

For comparison of subetreatments

at same level of main treatments RS -

For comparison of main treatments

at same level ofjfor different
levels of sub=treatments NS -

NS = Non~significant



DISCUSSION



V DISCUSSICH

The results of the present investigation and thelr
implication on the plant growth and yield parameters are
discussed in this chapter, The significance of proper
nutrition and plant density in increasing various plant
characters such as height of the plant, number of branches,
number and size of umbels, etc and the yleld parameters
such as weight of seeds per plant and its oil content, and
the total seed and oll yileld has been thoroughly investi-
gated by many workers such as Velappan (1977), Randhawa et
al. (1978, 1981), Randhawa & Gil1(1982); Paliwal and Singh
(1979) and Afridi et al, (1983) in case of fennel and
Boshart (1942), Duhan et al. (1974), Afridi et al. (1978),
Singh et al. (1979) and Bains et al, (1982) in other various
essential oll yielding umbelliferous crops, In their studies
they have highlighted the role of major nutrients especially
nitrogen,and plant to planty and row to row spacing in
bringing about the desirable changes in both the growth
and yleld parameters, as both are important from the point
of securing greater income out of essential oil yielding
plants,

5.1 Effect of N, P, Spacings and thier interactions on
growth, yileld and essential oil content in fennel

5.1.1 Growth parameters

5.,1.1.1 Plant heights
The plant height at 80th and 90th day after sowing

and also at the time of harvest responded significantly to
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nitrogen application, In all the cases, N, level (100 kg/ha)
was able to increase the plant height greater than other
levels (0 and 50 kg N/ha), Similar results have been obtained
by Randhawa et gl, (1978) in case of fenneljy Duhan et al.
(1974) in case of Dill and Singh et al., (1979) in coriander,
Whereas the plant height did not differ signifkcantly upto
70 days after sowing which might be due to the fact that the
assigned dose of nitrogen was split into two equal domsss, out
of which the first dose was applied after 45 days of sowing
and the remaining half dose at the time of flower: initi.
ation stage, A8 the nitrogen is required for the formation
of new cells, the vegetative growth is very much influenced
by its content, Therefore the effect of nitrogen on plant
height was noticed only after 70 days of sowing,

Unlike nitrogen, phosphorus application at all the
three levels (0, 25 and 50 kg/ha) did not influence the plant
height throughout the growth period, These results are in
conformity with the findings of Randhawa and Gill (1982) in

fennel, Balbsa et al. (1975) in Ammi majus and Ghosh et gl.
(1985) in case of coriander,

The plant height was also not affected by the
different spacings, under which plants were grown., Similar
results were obtained by Randhawa and Gill (1982) in fennel
and Ahmed et al, (1983) 1in case of Ammi visnaga.

However, the plant height was significantly affected
by the application of different levels of nutrients (NP),
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At the time of harvest, the meximum plant height was recorded
at N Py level (Nﬁoo Py kg/ha) followed by N P, level (N‘oo
150 kg/ha)., Thus proving the faet that the efficiency of N
uptake was enhanced by the phosphorus application, Similar
trends have been observed by Afridi et al. (1978) and Gupta
(1982) in case of Dill, "

None of the interactions among the NS, PS and NPS
was found to influence the plant height significantly through-
out the growth period of plants,

5.1.1.2 Number of branches

The effect of nitrogen at Ny level (50 kg/ha) on the
number of branches was found statistically significant over
the Ny level. The nitrogen level beond 50 kg/ha failed to
influence significantly the number of branches per plant,
Randhawa et al. (1978) and Randhawa and Gill (1982) also

reported the similar results in case of fennel,

Among the phosphorus levels, its application at P2
level (50 kg/ha) produced the maximum number of branches
which was significantly superior over Pb level,

The plants grown at different spacings differed
significantly among themselves, The maximum number of
branches were produced by plants grown at S3 gspacing
(45x30 cm), similar results were obtained by Rendhawa et
81.(1984) in Ammi majus and Pareek and Sethi (1985) in
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coriander, The lowest number of branches were recorded im
plants grown at § spacing (60x15 cm) indicating that closer
plant to plant spacing reduced the branching, These results
are also in conformity with the findings of Gupta (1982) and
Randhawa et al, (1984) in case of Dill and Ammi majus,
respectively,

With regard to various NP interactions they failed to
influence significantly the number of branches per plant,
Randhawa et al. (1981) also recorded the similar findings
. working in fennel,

5.1.1.3 Time taken for first flowering

The time (days) taken for first flowering did not
differ significantly among individual effects of nitrogen,
phosphorus and their combinations, whereas the significant
differences were observed in case of different spacings, In
the plants grown at Sy spacing (45330 cm), first flowering
was delayed which might be due to the adequate row to row
aml plant to plant spacing providing the better condition
for growth and ultimately extending the vegetative phase,
In the plants grown at & spacing (60x15 cm), the first
flowering was earliest, perhaps the closer plant to plant
spacing, which suppressed the vegetative growth phase would
have also reduced the vegetative phase resulting in early

flowdring,
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Interaction effect of PS also differed significantly
with respect to first flowering, The first flowering was
delayed significantly in plants receiving 2133 level of
treatments, where the plants grown at wider spacing of
45330 cm and appliedw with 25 kg of chg/ha, the vegetative
growth phase was donger when compared to the other treatments,

Interaction effect of NPS was also fdund significant
with regard to the time taken for first flowering.Under all
the four spacings, there was a delay in first flowering in
the plants under control and with the application of little
phosphorus. Whereas, the first flowering in plants receiving

higher rates of nitrogen and phosphorus was earlier,

5.1.1.4 Iime taken for Egﬁ flowering

Individuai effect of nitrogén, phosthorus, spacing
and interactions effect of NS, PS and NPS were found none
significant in respect of the time taken for 50% flowering,
whereas, it differed significantly among different levels
of nutrients (NP). In case of control (NyFp), 50% flowering
was delayed significantly over other levels and the earliest
50% flowering was observed in plants receiving higher doses
of nitrogen and phosphorus (NéPé). This might be due to
the application of remaining half dose of nitrogen at the
time of flower . initiation which along with phosphorus
resulted in maximum flowering in the shortest time in the
plots without nitrogen,



5.1.1.5 Total number of umbels per plant

With regard to the effect of different levels of
nitrogen, significant difference was observed in respect
of total number of umbels per plant, The maximum number of
umbels per plant was recorded at N, level (100 kg/ha), A
significant increzse in nymber of umbels was observed with
each successive increase in the level of nitrogen and this
could be attributed to the adequate availability of nitrogen
at critical period, The results are in line with that of
Abdulleh et _a_l_.‘ (1978), Randhawa et al., (1981) in case of
fennel amidd Singh et gl. (1979) and Pareek and Sethi (1985)

in coriander,

The effect of phosphorus on total number of umbels
per plant was found non=-significant, These results are in
conformity with the findings of Randhawa gt al.(1981) in
case of fennel, Balbsa et al. (1975) in Ammi majus, ond
Ghosh et al. (1985) in coriander, | |

Effect of different levels of nutrient (NP) was also
found significant, The maximum number of umbels was recorded
in plants feceiving the highest levels of nitrogen and
phosphorus (N2P2), which was significantly superior over the
control, Similar results in fennel were obtained in a four
year trial under the All India Coordinated Spices and Cashew

nut Improvement Project at Jagudan (4non,, 1983a).



. Diffefent spacings influenced the total number of
umbels per plant, The plants growth at 83 spacing (45x30
em) recorded the maximum number of umbels, which was
significantly superior over all other spacings., Simklar
kind of results were reported by El-Gengalhi and Abdullah
(1978) in fennel and Randhawa et gl. (1984) in case of Ammi
mgjus, whereas the minimum number of umbels per plant were
recorded in plants grown at §, spacing (60x15 om), This
may be due to the closer plant to plant spacing which led
t0 the lesser number of branches and ultimately less number
of umbels per plant, The results areain line with that of
Ahmed et al, (1983) in case of Ammi g_a_j_g_.

5.1.1.6 Size of umbel

- The maximum size of umbel was recorded in plants
receiving X, (100 kg/ha) and P, (50 kg/ha) doses of nitrogen
and phosphorus, The interaction effect of NP was also
significant, The maximum size of umbel was recorded in the
plants receiving the highest dose (NaPé). It could be seen
from the data that although the nitrogen and phosphorus
affected the umbel size upto certain extent but higher Goses
of them did not huve significant effect. |

The size of umbel was also influenced significantly
in plantsgrown at different spacings. The maximum size of
umbel wes recorded in plants grown at Sz spacing (45x30cm)
which differed significantly with those of S (60x*S cm)
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and S, (45x20 om) spacings, Thus indicating that the closer
plant to plant spacing dose have influence on the size of
the umbel rather than the row spacing,

5.1.1,7 ZFresh weight of plant

Nitrogen and phosphorus application at Ny (50 kg/he)
end Py (25 kg/ha) levels were able to increase the fresh
weight of plant significantly, However, the dose higher than
this did not differ among themselves significantly, Interaction
effect of NP was also significantly superior at N1P1 level
which recorded the maximum fresh weight of plant,

The plants grown at S; spacing (45x30 cm) recorded
the maximum fresh weight of plant which was significantly
superior over the plants grown at Sy (60x15 cm) and S, (45x20
oem) spacings, whereas the plants grown at Sy spacing recorded
the lowest fresh weight, Thus revealing the fact that narrow
spacing between plamts greatly affected the plant growth,
while the wider spacing between rows failed to have much
effect elther on plant growth or on the fresh weight of the
plants,

The above results indicate that the optimum dose of
fertilizer coupled with proper row to row and plant to plant
spacing enhanced the luxurient plant growth and produced the
increased fresh weight of plant which is proportional to
produce more fruit yield,
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5.1.1.8 Dxy weight of plant

The nitrogen at N, level (100 kg/ha) recorded the
highest dry weight of plant but it was significantly superior
over the plant receiving N,y and No levels, The dry weight
of plant steadily increased with each increasing level of
nitrogen, indicating that there was a positive correlation
between the nitrogen levels and dry weight of planf. Ibrahim
&t al, (1984) observed the same kind of results in case of

Ammi visnagas. 4

Application of phosphorus at different levels did
not influence the dry weight of the plant, These results
are in line with the findings of Ibrahim et al, (.1 984) in
case of Ammi visnaga, |

Interactions of nutrients (NP) were found significant
for the dry weight of plant, Although the maximum dry weight
was recorded in plants receiving higher doses of nutrients
(NaPz) but the significant increase was observed in plants
receiving Ny Py level (N50 Py kg/ha), which was also signi-
ficantly superior over the control,

With regard to different spacings, the trend in
respect of dry weight per plant was similar to that of fresh
weight per plant,
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5.1.2 Ileld parameters

- 5,1.2,% Number of fruits per umbel

The application of nitrogen at N, level (100 kg/ha)
although recorded the maximum number of fruits per umbel which
wag sigificantly superior over No level but it 4id not
differ with N, level (50 kg/ha). This observation is similar
to that of Ghosh et al (1985) who observed the highest number

of fruits per umbel when the plants were applied with 60 kg
N/ha, ‘

Iike nitrogen, phosphorus also at P, level (50 kg/ha)
recorded the maximum number of fruits per umbel although it
41d not differ eignificantly with P, kevel (25 kg/ha) but
both were significantly superior over Py level.

Effect of different levels of nutrients (NP) was
found to influence significantly., The N2P2 level recorded
the maximum number of frults per umbel although it did not
differ significantly with Ni!k level, Both these levels

were significant over the ocontrol,

The results obtained might be because of the active
involvement of nutrients (NP) in enhancing the growth and
development of reproductive parts in femmel,

Although the maximum number of fruits per umbel was
recorded in plants grown at S (45x20cm) followed by 82(60x20
em) but they did not significantly differ with Sy (45x30 cm)



spacing, These spacings were significantly superior over
8, (6015 cm) spacing which recorded the least number of

fruits per umbel,

The above results testify that to get the maximum
fruitfullness in umbels, appropriate ratio of spacing
between plant to plant and row to row is most important
factor and any variation in the proportion of this ratio
may effect the yield,

$.1.2,2 Fresh weight of seeds (umbels) per plgnt

In nitrogen application, the maximum fresh weight of
geeds (umbels) per plant was recorded at N, level (100 kg/ha)
although it did not differ significantly with N§ level
(50 kg/ha), Both these levels were found significant over

control, whereas individual effect of phosphorus on fresh
welght of seeds was non-significant, Although the interaction
effect of NP was found significant only upto Ny By level (NSO
st kg/ha) of nutrients which recorded the maximum fresh
weight of seeds (except NyF, and NoP, levels).

Plants grown at S5 spacing (45x30 cm) recorded the
highest fresh weight of seeds which was significantly superior
over all other spacings, The lowest fresh welght of seeds
was recorded in plants grown at s1 and S4 spacings, which had
the narrow plant to plant spacing of 15 and 20 cm, respectively,

Interaction effect in NS was also found to differ
significantly for fresh weight of seeds per plant, The maximum
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fresh welght of seeds was recorded in plants receiving NZSB
levels of treatments which was significantly superior over
all other treatments among NS interaction, The lowest fresh
welght of seeds was recorded in plants receiving NoS level

of treatments.

The above nesults‘were found to have positive corre-
lation with that of plant growth at various treatments
(already discussed)., Plant growth a parameters like plant
height, number of branches, number and size of umbel were

directly correlated with fresh weight of seeds per plant,

5010203 Es Weight Qf seeds per Elgnt

A gradual significant increase in the dry weight of
seeds per plant was observed with each increase in the level
of nitrogen, The maximum dry welght of seeds was recorded in
plants receiving N, level (1000 kg/ha) of nitrogen,

With respect to the individual effect of phosphorus,
spacings and interaoction effects of NP and NS, the trend
observed in case of dry weight of seeds was maintained in
fresh weight of seeds per plant also. The S; spacing (4530
om), NP (NSO P25 kg/ha) and PR (N‘!OO S45x30 cm) levels
of treatments of spacing NP and NS interactions, respectively
proved to be significantly superior over the others, With
regard to spacings, similar results were reported by Randhawa
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et al, (1984) and Ahmed et gl. (1983) in case of Ammi Majus
and Ammi visnaga, respectively.

5.1.2.4 Dy weight of 1000 geeds

Nitrogen application at N, level (100 kg/ha) am
phosphorus at P, level (50 kg/ha) recorded the maximum dry
weight of 1000 seeds, which were significantly superkor
ovwer the other levels of nitrogen and phosphorus, respectively
Ghosh et al. (1985) obtainel the similar kind of results
in case of coriander with respeet to nitrogen application
and their interaction (NP) effects were also found signi-
ficant, However, in the present study, the interaction
of N1Pb recorded the maximum dry weight of 1000 seceds
followed by NyPy level which was significantly superior

over control,

In the plants grown at different spacings, the maximum
dry weight of 1000 seeds was recorded at S; (45x30 cm), which
was significantly superior over S' and 82 spacings, The S1
seeds recorded the lowest dry weight., The seeds produced at
33 spacing was found healthy, bold aml heavy, This might be
because there was no overcrowding of plants or as well as
of umbels at S5 spacing, as in case of other spacings which
occurred due to narrow plant to plant spacing within the

Irow,
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Interaction effect of NS was also found significant with
regpect to dry weight of 1000 seeds, The maximum dry weight
was recorded in the N133 level of treatments which was signifi-

cantly superior over all the other treatments in NS interaction,

Although the interaction effect of NPS was significant,
the results among thev four spacings with respect to nutrient
(NP) levels were not similar to each other and it was highly
fluctuating and inconsistent aml because of this no general

remark could be passed,

5.1.2.5 Seed yleld per hectare

Application of nitrogen at different levels on the seed
yield was highly significant, The seed yield increased signi-
ficantly with each increasing level of nitrogen. The maximum
seed yleld was recorded from the plants receiving N2 level
(100 kg/ha) of nitrogen which was highly significant over to
Ny and Ny levels, This shows that there i1s a scope for going
to still higher levels of N to obtain higher yield, Same type
of results were obtained by Randiawa et al. (1981) in fennel
and Bains et gl. (1982) in celery, The resulis obtained are
also in line with the findings of Boshart (1942), Velappan
(1977), Randhawa et gl. (1978) and Paliwal and Singh (1979)

in case of fennel,

Application of phosphorus at different levels failed to
influence the seed yield of fennel, Similar results have been
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obtained in a fertilizer trial conducted under the All
India Coordinated Spices and Cashewnut Improvement Project
at Jobner (Anon,, 1980) in case of femnel and by Boshart
(1942) in caraway, Bains et al. (1982) in cetery; Sethi
(1985) in Anise and Balbsa et al. (1975) in case of Ammi
majus, whereas the results are in contrary to the findings
of Randhawa et al, (1981) in fennel, where the field
experiment was carried out on sandy loam which was low in
organic carbon (0,12%) and low in available phosphorus

(10 kg/ha).

Effect of different levels of nutrients (NP) on
seed yleld was also found significant, The maximum seed
yield was recorded at N2Po followed by l22‘ which were
significantly superior over control (NOPO). Similar kind
of results have been obtained at Jagudan in a four year
trial conducted under the All-India Coordinated Spices
and Cashewnut Improvement Project (Anon,, 1983a) and alsgo
by Bhatli et gl. (1984) in fennel.

Plants grown at different spacings recorded the
highly significant difference in their seed yields, The
maximum seed yield was recorded in 54 (45220 cm) which
was significantly superior over all other spacings, The
results corraborate the findings of Gupta (1982) in case
of Dill, Although the seed yleld per plant was signifis
cantly more in S; (45x30 cem), due to the increase in plant
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population per hectare in S,, the seed yield in this case
increased significantly over the other spacings,

For fennel cultivation, a row spacing of 45 cm was
found to be optimum, The results correspond to the findings
of Velappan (1977) and Randhawa and Gill (1982) in fennel
and Randhawa gt gl. (1984) in case of Ammi majus,

Regarding plant to plant spacing within the row,
the plants grew best when planted 30 cm apart emd the
maximum seed yield per unit area was obtained from the
plants at 20 em distance, The results are in conformity
with the findings of El-Gengaihi and Abdullah (1978) in
fennel and shmed gt gl. (1983) in case of Ammi visnaga,

5.1.2,6 JEgsential oil éontent in seedyg

Application of nitrogen, phosphorus and their inter-
actions at various levels did not have any influence on the
essential oll content in seeds, The results are in conformity
with the findings of Randhawa et al. (1978, 1981) am
Randhawa and Gill (1982) in fennel; Boshart (1942) in caraway;
Privedi (1981), Yadav and Gupta (1981), Sethi (1985) in case
of Anise and Afridi et al, (1978) and Gupta (1982) in case
of Dill)

However, the seeds harvested from the plants grown

at different spacings, differed significantly with respect
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to thelr essential oil content, The highest essential oil
content was recorded at 85 (45x30 em) spacing, where the
plant grew best, A positive correlation between plant growth
and essentlal oil content in fruits was observed, Similar
results have also been reported by El-Hamidi and Ahmed (1966)

in case 0f fennel and cumin,

5.1.2,7 Essential oil yield per hectare

Nitrogen application at Né level recorded the maximum
essential oil yield per hectare, although it did not differ

significantly with N level but both these levels were highly
significant over the control, whereas application of phospho=-
rus at all the levels failed to have any effect on oil yield,
The effects of different levels of nutrients (NP) on the oil
yileld also differed significantly, Although the highest oil
yield was recorddd from the plants receiving NZPZ level, but
the significant difference was observed at N, P, lwvel (N5O
Pog kg/ha) which was highly significant over control,

Although there was no difference in essential oil
content in seeds due to various nutrients level, the
esgential oil yleld per hectare rose steadily because of
the increase in seed yleld per hectare due to application
of fertilizers, The resulis are in conformity with the
findings of Boshart (1942), Randhawa et gl. (1978), Paliwal
and Singh (1979) and Bhati et al. (1984).
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In plants grown at different spacings, the highest oil
yleld was recovered from the seeds harvested from the plants
grown at § (45x20 cm) which was closely followed by S3(45150
cm). The oil yield produced at S, spacing was statistically
significant over the GH and 82 spacings only. Although the
essential oill content in seed was significantly superior at
53 spacing, the oil yield in the treatment was increased due
to the increase in seed yleld at 34 spacing, However, it
did not differ significantly with that of 83 spacingsg The
results obtained are in lines with the findings of El-Hamidi
and Ahmed (1966), Velappan (1977), El-Gengaihi amd Abdullah
(1978) and Randhawa amd Gill (1982),

5.3.1 Nitrogen content

Application of nitrogen induced chahges in the tissue
nitrogen content, As the quantum of N applied to the plant
inéreases, the corresponding tissue N content was also
increased significantly, The highest tissue N content of
2,30 per cent was recorded in the plants that received the
highest nitrogen dose of 100 kg/ha, revealing the fact that
the application of higher dose of nitrogen increases the
nitrogen uptake, Simklar kind of results were obtained
by Ibrahim et al, (1984) in case of Ammi visnaga.



106

In case of phosphorus application also similar trend

was observed, The tissue N content was highest at P2 level

(50 kg/ha) of phosphorus,

Interaction effect of NP was also found significant,
The maximum tissue N content was recorded at the highest
dose of nutrient level (1‘!21’2 - N oo PSO kg/ha).

It was observed that application of phosphorus did
have a positive effect on nitrogen ujptake in cese of fennel,
The results obtained are in conformity with the findings of
Ibrahim et al. (1984) in Ammi visnaga,

With respect to spacings, plants grown at 82 spacing
(60x20 cm) recorded the highest tissue N content, which was
closely followed by S spacing (45x30 cm), emphasizing the
fact that the wider row to row and plant te plant spacing
enabled the plents to draw more nitrogen from the soil,

Among the interaction effect, N,3, (N.'oo 845x20 cm)
and P,38, (PSO S60 A5 cm) treatment levels recorded the
maximum tissue N content in case of NS amd PS interactions,

respectively,

In case of NPS interaction, in general under all the
four spacings, the maximum tissue N content was recorded at
higher dose of nutrients (N2P2), indicating that the nitrogen
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uptake was positively correlated with that of the ferti-
lizers applied,

5.3+2 ‘fhosphorus content

Tissue phosphorus content did not differ signifie. |
cantly when applied in different doses or with different
levels of nitrogen under four different spacings, The
results revealed that the tissue phosphorus content was not
an important attribute for increasing yield and its uptake -
could not be increased by the application of more phosphatic
fertilizers, Since the available phosphorus content in
the soil was only 12 kg/ha, it can be concluded that
phosphorus has less role to play in growth, yield and
essential oil content in fennel, The results are in
conformity with the findings of Boshart (1942), Randhawa
et al, (1981) in case of fennel, Balbsa et al. (1975),
Randhawa et gl, (1984) in Ammi majus and Trivedi (1981),
Yadav and Gupta (198%) anl Sethi (1985) in case of Anise
(Pimpinelle gnisum),



SUMMARY



VI  SUMMARY

The field experiment was conducted to investigate
the effect of nitrogen, phosphorus and spacings on growth,
yleld amd essential oll content in Foeniculum vulgare Mill,
at the Horticultural Research Stztion, Gandhi Krishi Vignana
Kendra, Bangalore, during the year 1984-85, 'l‘he following
are the important findings of the investigation,

1. The final plant height responded significantly to

N application., In general, as the quantum of nitrogen
applied to the plant was increased, there was a corresponding
increase in the height of plant, The maximum plant height
was ascertained with the highest dose (100 kg/ha) of nitrogen
tried, The plamt height noticed in case of control plants
was slgnificantly lesser than that of observed in the
nitrogen gpplied plots,

- Unlike nitrogen, the role of phosphorus in increasing
the plant height was not significant, though the plant height
was significantly affected by the application of different
levels of nutrients (NP), In general, higher dose of nutrients
(NP) recorded the maximum height, At the time of harvest,

the maximum plant heicht was recorded at NoPy (N1 00 P25

kg/ha) level which was highly significant over control.
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2. An increase in the dose of nitrogen only upto 50
kg/ha resulted in the significant increase in the number
of branches, whereas phosphorus at the highest dose (50
kg/ha) produced the maximum number of branches, Flants
grown at Sy spacing (45x30 cm) produced the maximum number
of branches per plant,

3. In the plants grown at Sy spacing (45x30 cm) first
flowering was delayed significantly whereas in the caéa
of plants grown at § spacing (60x15 cm), the first

flowering was earliest,

Interaction effect of PS differed significantly
with respect to first flowering, The first flowering
was delayed in plants receiving Py 8 (P25 kg/ha and
345330 cm) level of treatments, The interaction e.ffect
of NPS was also found significant with regard to the time
taken for first flowering, 1In general, it can be summari-
zed that under all the four spacings, there was a delay in
firgt flowering in the plants receiving no fertilizer or
little phosphorus, whereas the first flowering was earliest

in plants receiving higher rates of nitrogen and phosphorus,

4, The time taken for 50% flowering differed signi-
ficantly with respect to different levels of nutrients
(NP). In case of control, 50% flowering was delayed
significantly and the earliest flowering was observed in

plants receiving highest doses of nitrogen and phosphorus

(Moo B50 k&/ha),
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5. The nitrogen fertilization had an appreciable
effect in increasing the total number of umbels per plant,
Significant increase in number of umbels was observed with
each successive inarease in the level of nitrogen., The
maximum number of umbels were recorded at N2 level (100

kg/ha)e

Although phogphorus at different levels did not have
any effect on the number of umbels, this along with nitrogen
affected it significantly, The maximum number of umbels

was recorded at the highest dose of fertilizers (Nﬁoofgo
kg/ha) and control recorded the lowest number of umbels,

Again in the plants grown at Sy spacing (45x30 cm),
the maximum number of umbels was recorded and it was signi-

ficantly superior over all other spacings,

6. Size of the umbel resnonded significantly only upto
N (NSO kgs/ha) and By (25 kg/ha) levels of nitrogen and
phosphorus, respectively, The combination of NP also
influenced significantly on the umbel size but only upto

In the plants grown at S; spacing (45x30 cm) the

maximim umbel size was recorded,

T. The nitrogen fertilization had an appreciable effect
in increasing the fresh weizht of plants at all the three
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doses tried, but at N, level (50 kg/ha), the difference

observed was significant,

Like nitrogen, phosphorus also at Py level (25 kg/ha)
produced the significant increase in fresh weight of plant,
and the interaction effect of NP also influenced the fresh
welght of the plant at NP, level,

Again in the plants grown at S; spacing (45x30 cm),
the maximum fresh weight of plant was recorded,

84 The highest dose of nitrogen (100 kg/ha) resulted in
a significant increase in the dry weight of plant over other
levels, whereas the phosphorus nutrition was ineffective in
bringing about any significant increase in the dry weight of
plant,

Like fresh weight of plant, the dry weight of plant
also increased significantly only upto N By level  of

fertilizers,

In case of plants grown at S; spacing (4530 cm),
dry weight of plant was highest compared to other spacingas,

9. Although the highest doses of nitrogen and phosphorus
recorded the maximum number of fruits per umbel, the signi-
ficant difference was observed only upto N, (50 kg/ha) and

Py 025 kg/ha) levels, respectively, Combination of nitrogen

and phosphorus were also found to be significant but only
upto N1P1 level,
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The plants grovm at S, spacing (45 x 20 em) recorded
the meaximum number of fruits per umbel which was closely
followed by Sy spacing (4530 cm),

10, Nitrogen application 4t each increased level increased
the fresh weight of seeds (umbel) per plant but the significant
difference was observed only at K, level (50 kg/ha), whereas
phosphorus aepplication at different levels failed to influence
the fresh weight of seeds per plant, although the interaction
effect of NP was significent at NP, level (Nso Pog kg/ha),

In case of plants grown at 8, spacing (45x30 cm), the
fresh weight of seeds per plant was maximum and significantly
superior over all other spacings,

The interaction effest of NS at N2§§,N 100 kg/ha and
S 45x30 cm) levels of treatment was significantly superior

over all other treatments,

14y In case of dry weight of seeds per plant, nitrogen at
the highest dose (100 kg/ha) produced the significant increase

over other levels,

Iike in the fresh weight of seeds per plant, here also,
phosphorus at different levels did not have any effect,

With respect to the individual effect of phosphorus,
spacings and interaction effect of NP and NS, the trend
observed for dry weight of seed per plant was similar to
that observed for fresh weight of seeds per plant,
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12, Nitrogen and phosphorus at highest doses produced
the maximum dry weight of 1000 seeds, Although their
combination effects were found significant, it failed to
bring about coherent and consistent trend,

Again it was S; spacing (45x30 cm) which recorded
the maximum dry weight of 1000 seeds,

Among the interaction effects of NS on dry weight
of 1000 seeds, the maximum weight was recorded at Ny Sy

levels of treatment which was significantly superior over
all other treatments,

Whereas the interaction effect of NPS though differed
significantly the results among the four spacings with
respect to nutrients (NP) levels were not similar to each

other,

13, The seed yleld per hectare was significantly influenced
by the levels of nitrogen and it was highest at N, level

(100 kg/ha) but the epplication of phosphorus at any level
falled to influence the seed yileld, although their combi-

nations at N P, level (N100 Py kg/ha) produced the maximumn
seed yield (except N,yE, level),

Plants grown at 8, spacing (45x20 cm) produced ¥ =
maximum seed yield per hectare which was significant’

superior over all other spacings.d
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14; Nitrogen and phosphorus fertilization at various
levels did not have any influence on essential o0il content
in seeds but in case of the seeds harvested from the plants
grown at S, spacing (45x30 cm), essential oil content was

found to be more when compared to other spacingsd

15. Nitrogen application upto Ny level (50 kg/ha) brought
the significant increase in essential oil yield per hectare,
whereas phosphorus fertilization di& not have any effect on
oil yield, although the combination effect of NP was found
significant at Ny Py level (NSO P25 kg/ha).

01l yleld per hectare was maximum in case of seeds
harvested from the plants grown at S, spacing (45x20 cm)
which was closely followed by 35 spacing.

16,  With each application of increasing lewel of nitro-
genous fertilizer, there was a significant 1ncreaqe in tissue
N content, Iike nitrogen, phosphorus application also at its
highest dose (50 kg/ha) significantly increased the tissue N
content aml thelr combination effect was also found signifie
cant at NyF, levels

In case of plants grown at 8, spacing (60x20 cm), the

maximum tissue N content was recorded.

Anmong the interaction effect of NS amd PS, the

treatments levels N5, (N100 ke/he and S40x20cm) )
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(P50 ka/ha 204 850415 cm) recorded the maximum tissue N
content, respectively.

Interaction effect of NPS also differed significantly
with respect to tissue N content and it was observed that
under all the four spacings the meximum tissue 'N' content
was recorded at the highest dose of fertilizer (100 PSO
kg/ha).

17. ©Xone of the treatment levels and their combinations
tried in this study was found to influence significantly
the phogphorus content in the plants,
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Mechanical and chemical analysis of the composite sample

taken from the experimental site (0-30 cm)

I ZPhysical characteristics

Mechanical analysis
Coarse sand (%)

Fine sand (%)
silt (%)
Clay (%)

II Physico-chemical properties

Soil reaction (pH)
Electrical conductivity (EC)

(mmhos/cm)
III Chemical properties

Organic carbon (%) |
Available Nitrogen (kg/ha)

Available Phosphorus (kg/ha) .

Avallable Potassium ',,\«3 [he)

X
' X

.»

e

LA J

39,00
34.25

T.25
19.50

5.5

0.2

0.38
225,25
12,00
126,00
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