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INTRODUCTION 



I INTROIUOTICaJ 

Fennel, commonly known as Saunf or Badl Saunf, 

l)elong8 to family UmbelUferae and genus Foenlculttm. 

It is a stout, glabrous, aromatic herb, 5-6 feet high, 

leaves pinnately decompound) flowers small, yellow and 

in compound terminal umbelsj fruits oblong, ellipsoid 

or cylii^rical, 6-7 mm in length, straight or slightly 

curved, greenish or yellowish brown, mericarp 5 ridged 

wiiai prominent vittae (inon., 1956), 

Tha plants belonging to the genus Poeniculum 

are of annual, biennial or perennial herbs - distri­

buted in South Barope and the Mediterranean region, 

Foenlculum vulgare Mill,' is widely cultivated through­

out the temperate and sub-tropical regions of the 

world for its aromatic fruits and have been used as 

culinary spice by the Chinese, Indians and Egyptians 

since time immemorial (Anon., 1956 and Telappan, 1977),^ 

Fennel is a native of Southern Europe and I^ig$ 

A large number of varieties and races differing in 

siise, odour and taste of the fruits, exist among wild 

and cultivated fennels. 3Jhey are hardly distinguishable 

from one another and are regarded as races, varieties 

or sub-species of Poeniculum vulgare. The varieties 

whidh yield commercially important volatile oils are 



generally referred to subospecles capillaoeuia and placed 

unaer two dis t inct var ie t ies , var» Tulgare (Mill.) -

Thellung (cultivated or wild growing, yields b i t t e r fennel 

o i l ) and var.dulce (Mill.) Thellung (cultivated anfl yielding 

sweet or Roman or Florence fennel o i l ) . The variety vulgare 

i s cultivated chiefly in Russia, Rumania, Bingary, Germany, 

Stance, I ta ly , India, Japan, -Argentina and U.S,A, The 

cultivation of var. dulce i s confined to Erance, I ta ly and 

Greece (tfaoedonia) in Southern Europe* However, Indian 

fennel i s sometimes regarded as a dis t inct variety Panmoriura 

(Anon., 1956>,̂  

Fennel i s cultivated mostly as a garden or home yard 

crop throughout India at a l l a l t i tudies upto 2,000 metres 

and the area under fennel i s fluctuating from year to year.^ 

I t requires a fairly mild climate and i s cultivated as a 

cold weather crop in the parts of Northern India, I t does 

not succeed so well in South India except at high elevation 

(Anon., 1956); 

Important fennel growing s tates in India are Gujarat 

and Rajasthan, Kaira, Baroda and Ahmedabad in Gujarat and 

Kota, Jaipur, Ajmer and Udaipur in Rajasthan are the import­

ant d i s t r i c t s of fennel cultivation. Besides these places, 

on a small scale i t i s also grown in some parts of Maharashtra, 

Uttar Pradesh, Hadhya Pradesh, Punjab, Bihar, Earnataka and 

in Jammu and Kashmir (Velappan, 1977). 



Fennel contr ibutes s u b s t a n t i a l ^ to the foreign 

exchange earnings of our country. During 1983»84» India 

produced about 30,000 tonnes of fennel seeds and exported 

1352 tonnes and earned a foreign exchange of Rs«218,83 lakhs 

(Anon., I984b)v 

The plant Is pleasant ly aromatic and Is used as a 

pot herb. The leaves are used In f ish sauce and garnishing. 

Leaf s t a l k s are used in salad (Velappan, 1977). Fennel 

f r u i t s contain a v o l a t i l e o i l . Volat i le o i l content of 

Indian fennel i s only 0.7 to 1,2 per cent, whereas East 

European fennel contains 4-6 per cent v o l a t i l e o i l (Velappan, 

1977). The o i l i s obtained by steam d i s t i l l a t i o n of crushed 

f r u i t s . I t i s a colourless or pale yellow liquid with a 

cha r ac t e r i s t i c t a s t e and odour. The main const i tuents of 

fennel o i l i s aneiiiole (50-605^) and the other const i tuents 

are d-.^«» Penchone, methyl chavlcol, d- x^-plnene, camphene, 

d->o£«.phellandrene, dipentsna and foenlcul ln (P-anol prenyl 

e the r ) . Basic const i tuents anlsaldehyde and anis ic acid 

are also reported to be present . Indian fennel o i l contains 

over 70 per cent anethole and 6 per cent fenchone. I t 

possesses a sweet t a s t e (Guenther, 1950 and Bao, 1925). 

Pennel o i l i s largely used as a flavouring agent 

in culinary preparat ions, confectionery, cordia ls anfl 

l iquors . I t i s also used in cosmetics and as an important 

Ingredient i n medicinal preparat ions for i n f an t i l e col ic 

ana f l a tu lence . The vermicldal proper t ies of the o i l are 



well known (Anoiu, 1956), The residue left over after 

distillation of fennel oil from the fruits is used as 

cattle feed* It contains H-22 per cent proteins and 

12-18.5 per cent fat (Guenther, 1950). 

Dried fruits of fennel have fragrant odour and 

a pleasant aromatic taste. They are used for flatourlnf 

soups, meat dishes and sauces, bread rolls, pastries and 

confectionery. They are also used for flavouring liquors 

and in the manufacture of piclcles. The fruits are included 

in the official 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 l)lancliad 

and used as vegetable. The leaves are reported to have 

diuretic properties. The roots are regarded as purgative; 

they have an aromatic odair and taste. 

Inspite of a number of its household, industrial and 

medicinal uses in addition to the foreign exchange earnings 

by this crop, it is not being esjjloited c<»mnercial3y in our 

State, Since there is practically no information available 

locally on the produotion technology on this crop, it is not 



perhaps popular among the cultivators. Hence, in order to 

develop the production technology aa3 to popularise this 

Important crop among the local fan&ers, the present studies 

were carried out, with the following objeotivest 

1, to study the main effects of nitrogen, 

phosphorus and spaolngs on growth and 

yield of fennel, 

2, to study the different interaction 

effects on the growth and yield of 

fennel, 

3, to find out the "best comhination of 

these factors to obtain the maximum 

seed and oil yield in fennel, 

and 

4* to study the performance of fennel 

crop under Bangalore condition. 
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II REVIEW OP LITERATUBE 

Any interruption In plant nutrition even lor a short 

period has a negative effect on the yield which cannot be 

corrected by the supply of nutrients To attain the maxiiaua 

yield, there is a need to adjust the nutrient supply aa 

required by the plcnts during the various stages of growth 

(Mengai, 1969). 

As compared to other crops 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 fennel and oliier related umbelliferous crops is reviewed 

here under. 

2.1 Agronomic studies on fennel 

2.1,1 Effect of nitrogen and phosphorus on growth, yield 

and essential oil content in fennel 

As early as 1942, the cultivation and manuring of 

soaae umbelliferous crops including fennel (Foenioulum 

vulgare Mil.) have been studied by Boshart and reported 

that fennel gave a decrease in yield with small nitrogen 

application. 



Stenzel (1936) discussed the praot ioal points tor 

cu l t i va t ion of fennel as gleaned frcHn the ac tua l growers, 

cul ture and f e r t i l i z a t i o n p r ac t i c e s , 

Velappan (1977) observed tha t f e r t i l i z e r recommendation 

for fennel varied from s t a t e t o s ta te* In Madhya Pradesh, 

40 kg N and 50 kg P2O5 per hectare are being applied. In 

Gujarat, f e r t i l i z e r dose recoznmended for ^^35 fennel waa 

100 kg N and 60 kg P2% P®^ hectare . Out of t h i s , 40 kg H 

and whole of P2Cb were applied as basal dose, 30 kg N, four 

weeks a f t e r t ransplant ing and the remaining 30 kg N at the 

time of flowering. Band placement of f e r t i l i z e r s was found 

to be most benef ic ia l , 

H i ^ e r r a t e s of ni trogen appl icat ion produced More 

umbels per p lan t , increased the seed y i e ld , o i l yield and 

o i l percentage in case of fennel (Abdullah ^ j i , , 1978).^ 

Paliwal and Singh (1979) reported the response of 

fennel t o increasing l eve l s of N from 0 to 90 k |0 ia and P 

frCHQ 0 t o 60 kg/ha. There was a s ign i f ican t increase in 

yie ld from 607 to 1675 k^/ha from increasing N and 1095 to 

1314 kg/ha from increasing P, 

Randhawa et ^ , (1978) while studying the effect of 

nitrogen leve ls and sowing dates observed a s ignif icant 

influence of nitrogen on the aeed y i e ld . I t was found 



increased with eacjh successive increase in the level upto 75 

kg N/ha over the yield from control* The crop sown on 21 s t 

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 f e r t i l i z e r t r i a l under the All India Coordinated 

Spices and Cashewnut Improvement Project at Jobner, a positive 

response to H was noticed for characters l ike plant h e i ^ t , 

branches per plant and yield, The seed yield was highest 

(18,54 q/ba) at 45 kg N/ha as compared to control (13,64 q/ha)* 

However, phosphorus, Zn and B did not show any significant 

response to any of the characters studied (Anon,, 1980),-

Randhawa et j l , (198l) in their three year nutri t ional 

t r i a l reported the significant response of nitrogen upto 100 

k^^a, where the seed yield rose from 5«08 to 8,51 q/ha. They 

also reported the significant effect of phospliorus upto 40 

kg/ba v^ich resulted in the seed yield of 8,44 g/ha against 

6,75 g/ha in control, showing thereby, a need to try s t i l l 

h i ^ e r levels of phosphorus. 

In another study, Randhawa and Gill (1982) found that 

the application of 30 kg 10ia produced the maximum seed yield 

(8,58 q/ha) compared to control (5.65 q/ha). According to 

thffln, an increase in seed yield with the application of nitroge 

could be due to i t s favourable effects on the yield attributing 

characters l ike number of branches (22,79) per plant and 

he i^ i t of plant (97,35 cm).' 



9 

JLfrldi j t ^ . (1983) used H, P g ^ a i^ /o r KgO each 

a t 60 or 90 k ^ a . The p lants receiving N|PiK a t 90f60i90 

kg/h& grew bes t . However, the maxiiauin yie ld (19.9 o/ha) 

was obtained in p lo t s receiving the highest NPK dose* 

At Jagudan, i n a four year t r i a l uis^er the All India 

Co-ordinated apices and Cashevmut Improvement Project (198'0-83 

the yield difference due to various treatments was f(Hind to 

be highly s ign i f i can t , The r e s u l t s showed tha t the t r e a t ­

ment combination N^j+P^Q+ZnfB gave the highest y ie ld of 

928,5 kg of seeds per hectare which was 68,5?^ more thatt 

control (Anon,, I983a)« 

2hat i ^ ^ , (1984) recommended the applicat ion of 

60 kg N and 4-0 kg P2% P©r hectare for fennel under Rajasthan 

condit ion. Out of t h i s , 30 kg N and whole of P2C^ were 

applied as basal dose and the remal&iog 30 kg H j u s t before 

flowering«i 

2«t .2 Effect of d i f ferent spaoings on ftrowth. y ie ld and 
es sen t i a l o i l content in fennel 

In North India , fennel seeds are sown e i the r by 

broadcasting or i n rows placed a t 30-45 om apart ( Joshi , 

1961). 

El-Hamidi and Ahmed (1966) observed a pos i t ive 

cor re la t ion i n the o i l content in the plants grown under 

d i f ferent spacings in fennel,* 
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Lai and Sen (1971) examined nine saBiples of oil 

from different lypes of seeds of Indian varieties of 

Foenioulum vulgare and concluded that the maximum yield 

of oil could he obtained from very small seed types. 

However it was not known whether the smallness of "Uie 

seeds was due to immaturity or the variety,' 

Telappan (1977) reported tdiat the seeds were sown 

in rows at 45 to 60 cm apart and v/hen the seedlings were 

of about four to five weeks old, they were thinned to 30 

on 

cm dis tance within the row. A row spacing of 60 Go/heayy 

s o i l s azid 40-45 cm on 1 1 ^ t s o i l s were reported to give 

higher yields.i 

BQL-G&ngaihl and Abdulla (1978) t r i ed r idge spacing 

of 20, 50 or 40 cm in fennel, They observed tha t the 

widest spacing produced the t a l l e s t plants and the greater 

mmber of umbels per plant , 3?he seed yield was a lso highest 

a t the widest spacing but the 50 cm spacing produced the 

highest seed yield and o i l yield per hectare, ' 

Randhawa and Gill (1982) observed tha t the p lants 

sown i n rows 45 cm apart gave the highest seed yield (8.46 

q/ha) whidi was s ign i f ican t ly superior t o 50, 60, 75 and 

90 cm row spacings. However, the f i na l plant height , 

number of branches per plant and o i l content were not 

affected s ign i f ican t ly by dif ferent row spacings. 
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Ta Andhra Pradesh for the fennel se lec t ion , Lam 

Se l - I I vdiloh i s of 170 days duration and has a yield 

po t en t i a l of 9*5 g/ha, one and half month old seedlings 

are transplanted a t 2*x2* spacing In August, A seed r a t e 

of 3-4 kg/ha and 8-9 kg/ha i s required for t ransplant ing 

and d i r e c t sowing vdth seed d r i l l , respect ively has been 

recommended. In d i r ec t sowing the seedlings are l a t e r 

on thinned t o required densi ty (Anon,, 1984a), 

Under Ra,iasthan condition, the rec(»amended spacing 

for t ransplant ing the fennel i s e i the r 80x60 or 1 00x60 cm 

to obtain higher y i e l d s . In Ch i l l i growing areas the 

fennej. i s growii as a mixed or in tercrop with ch i l l l (Bha t l 

e t j l . , 1984>« 

2,2 Agronomic s tudies on other re la ted crops 

2,2,1 Effect of d i f ferent l eve l s of nu t r i en t s on growth, 
y ie ld and essen t i a l o i l content i n other re la ted 
uabel l i ferous crops 

Boshart (1942) reported t he cu l t iva t ion and manuring 

of some umbelliferous crops l i ke caraway (Oarum ca rv i ) . 

coriander (Gorlandnm sativum), aniseed (Plmplnella anisumV 

and fennel (goeniculum vul^are) . He found tha t the yieM 

of caraway increased wilii N appl icat ion (40 kg N/ha i n the 

f i r s t y^ir and 70-80 kg N/ha in the second y e a r ) . The ^2% 

requirement was not large and K̂ O requirement was s t i l l 

smaller, although the e s sen t i a l o i l content i n the f r u i t s 
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and quality (Garvone content) was not appreciably Influenced 

by f e r t i l i z e r application. Coriander requires smaller N 

application (maiximum 60 kg N/ha) than caraway and i t s need 

of ^ 0 i s greater than that of ^o^* ^̂ ® essential oi l 

content in corianSer f rui ts increased with an increase in 

f e r t i l i z e r application. Anise showed a small increase in 

t&e seed yield as influenced by the f e r t i l i z e r application 

but there was a substantial increase in the essential oil 

content (upto 24?̂ ) with nutrient application, especially 

P2Cb which gave good resu l t s , 

IXihan ^ ^ , (1974) in case of Dill (Aaethum 

graveolena) reported that the h i ^ e s t seed yield of 7«89 

q/ha was obtained when plants were sown in the f i r s t half 

of October and given the highest f e r t i l i z e r rate (90 kg N/ha). 

Balbsa et al, (1975) conducted experiments on 

phos£borus nutri t ion in .Ammi ma.jus and reported thet 

different levels of P (0-100 k^Peddon) did not show any 

effect on plant height, number and size of umbels and 

w e i ^ t of 100 dry f ru i t s . 

P l l l a i and Bhocaiinathan (1975) reported that the 

highest seed yield (866 k^ha) was obtained by the appli­

cation of 20 N, 40 $2^ ••" 20 KgO vHaidh was significantly 

superior over no f e r t i l i z e r treatment. The increased 

yield in th is instance was 25 per cent,-
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M i l (Aaethum sowa) when applied wltli 60 kg N and! 

30 kg ^2^ P®^ hectare produced the higher growth and yield 

ol seeds and there was no increase in essen t ia l o i l content 

a t higher N and P leve ls (Afridi et ^ , , 1978). 

In case of coriander (Goriandrtua sativum). Singh 

et a l . (1979) reported t h a t plants receiving 90 kg N/ha 

gave the best r e s u l t s of yield (over 6 q /ha) , plant h e i ^ t 

(88.75 cm) and number of umbels (7 .96 /p lan t ) , 

In Karnataka, to obtain a good yield of coriander 

appl ica t ion of 36 kg N, 36 kg ^2^^ ^°^ ' 6 kg KgO per 

hectare along with 6000 kg of FIM or compost under rainfed 

condition i s recommended, ^y the appl icat ion of these 

prac t ices an yie ld of about 5-7.5 quintals of coriander 

seeds per hectare could be obtained (Anon., 1981).' 

Trivedi (1981) and Yedav and Gupta (1981) found tha t 

the optimum dose of nitrogen and phosphorus for Anise was 

20i30 k ^ h a and 40t30 k ^ a , respec t ive ly . The f e r t i l i z e r 

appl ica t ion did not affect the o i l content but improved the 

t o t a l recovery of o i l due to the increase of seed yield per 

hec ta re . 

Bains ^ ^ , (1982) reported tha t celery (Aplum 

graveolens) yield increased consis tent ly wilii the increase 

i n the l eve l of N, Application of N a t 100 kg/ha and higher 
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doses were s iga i f lcant ly superior over cont ro l , wiiereas, 

the phosphorus appl ica t ion Induced non-slgnlf lcant Increase 

in y i e ld , 

Gupta (1982) in case of Di l l (Anethum .graveolens) 

reported tha t increasing l eve l s ol nitrogen enhanced the 

plant height upto a level of 40 kg/ha, fur ther , the crop 

yield showed tha t a l l doses of nitrogen and phosphorus 

differed s ign i f ican t ly and there was thus a l i n e a r effect 

of nitrogen and phosphorus. She best r e s u l t s were obtained 

from the combination of N (60 kg) and P g ^ 4̂-0 k ^ a ) 

(0.706 k ^ l O sq.m,) , a l t h o u ^ the o i l content did not 

d i f fe r s ignif icant ly . ' 

Application of 20-50 kg N, 40 kg PgCU and 20 kg KgO 

per hectare along with 10 tonnes of FJTM in IiaEi-G.S.4 c o r i ­

ander resulted In the yield ranging from 14 to 15 q of 

dried seed per hec tare , Ajw.an, Onma-Ici]»»Selection-n when 

applied vdth 20 kg N, 40 kg P2C^ and 20 kg KgO and 5 tonnes 

of FIU gave an yield of 10 q/ha (Anon., 1984a), 

Ibrahim et a l . (1984) reported that the dry matter 

y i e ld , N and P uptake of roots and vegetat ive mass of Amml 

visnaga were s ign i f i can t ly increased by N appl icat ion upto 

60 kg/ha. The appl ica t ion of P upto 30 k ^ h a s ign i f i can t ly 

increased the dry n a t t e r yield and uptake of N and P by the 

vegeta t ive mass. 
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with regard to nitrogen requirement ol Ammi maJua. 

IXihan et al. (1985) reported Idiat the crop whidi was sown 

in the second fortnight of October and applied wi1ii 90 leg 

N/ha gave the highest seed yield of good quality, 

GSioah e t j l , (1985) reported that in case of cori­

ander (Ooriandruia sativum)> the nitrogen application at 60 

k ^ a markedly increased all the yield attributes like plant 

height (54.50 c m ) , number of primaiy branche© 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 

yield (20*'05q) per hectare. On the other hand, phosphorus 

application at various levels had no appreciable effect <m 

those characters except the yield vdiioh was maximum (18.09 

q/ha) vi*ien applied with 4-0 kg PgCt per hectare. Interaction 

effect of NP at 60 kg II and 40 kg P per hectare was found 

to influence greatly the yield (20.6 q/ha),' 

Pareek and Sethi (1985) reported that an application 

of 50 kg lyha significantly increased the p^ant height 

(75.6 (aa), number of branches per plant (13.2)^ number of 

umbles per plant (13.2) and finally seed yield (11.2 q/ha) 

by 17.7, 32,0, 26,9 and 18.1 per cent, respectively over 

the control in coriander. Higher level of nitrogen (90 k§/ha) 

only marginally increased the seed yield but the difference 

between 60 and 90 kg N/ka was statistically non-significant.* 

j SKVi .A .v.. .........)03». I X M ^ 1911 
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In case of Anise (Plmplnella anleum). Sethi (1985) 

reported tha t the appl icat ion of 80 kg N/ha ( in three s p l i t s 

of 4-0 + 20 + 20 kg each) increased the seed yield hy 94 per 

cent over control . This also resul ted in the increase of 

o i l yield from 6.53 to 12,62 kg/ha. However, appl icat ion 

of phos^orus did not show aqy effect on seed y i e ld , 3?h« 

o i l content iia seed and i t s qual i ty were not affected hy 

the ni t rogen and pbosphorus treatments, 

2 ,2 ,2 Effect of d i f ferent 3pacings on growth, yield and 
essen t ia l o i l content of re la ted umbelliferous 
orops 

Singh (1963) suggested tha t the spacing of 4 5 ^ 0 cm 

was optimum to obtain maximum yield of Animi ma.1us and Amml 

visnaga a t Ohakarta, 

EL-Hamidi and Ahmed (1966) observed a pos i t ive 

cor re la t ion in plant growth with o i l content in the f r u i t s 

of cumin (Quminum oyminumV, 

Bradu and Atal (1970) recommended a spacing of 

90x60 cm as optimum for Ammi ma.1us under Jammu condit ion. 

In iCamataka, coriander seeds are sown by d r i l l in 

rows a t 20 cm apart by ad;justing the sovdng to drop the 
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seeds at a distance of about 15 cm within the row for 

eeed crop of coriander (Anon., 1981). 

Oeleiy (APlum graveolensV when transplanted at a 

row spacing of 50 cm and applied with 150 leg I^/ha gave 

the highest yield (17.6 q/ha) followed by a row spacing 

of 45 cm and applied with 150 kg of N/ha ?diich gave 17.0 

g/ha of seeds (Bains et ^ . , 1982). 

In case of Dill (Anethum graveolene). Gupta (1982) 

observed that the spacing of 30x50 cm and 45x20 caa resulted 

la higher crop yield than other treatments, ilhe spacing 

of 45x20 cm gave a higher to ta l yield than the spacing of 

50x50 cm, although the plant population In botii the cases 

remained the same. However, the differenoe between them 

was not significant. I t was further noted that the closer 

spacing of 50x20 cm had reduced branching In the crop. The 

ridge sowing In Taral region produced better plant growth 

and resulted in h i ^ e r yield.' 

In case of Aaml visna^a, Ahmed et j l , (1985) found 

that plants grown at 20 cm apart produced eignifloantly 

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 cm spacing gave the highest number of umbels 

(21) per plant. The f ru i t yield per plant gradually increased 
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i n p lant ings a t wider d is tances than 20 cm apart and on the 

other hand, the yield per a n i t area ol f r u i t s was higher 

vdien plants were raised a t a distance ol 20 cm. They also 

found tha t the plant height did not d i f fere s ign i f i can t ly 

due to various spaoings and the dense cu l t iva t ion favoured 

the f r u i t i n g in Aami visnafia p lant . 

In Andhra Pradesh, coriander (Corlandrum sativum) 

seeds were d r i l l ed adopting a spacing of 28 x 15 cm in 

between and along the l i n e s . The seeds were then covered 

with Gumtako immediately a f te r sowing, whereas for Ajwan, 

the recommended spacing was 60x15 cm. The seeds were sown 

very shallow with seed d r i l l and covered with a brush harrow 

(Anon., 1984a), 

Keeping in view the plant canopy and other cu l tura l 

prac t ices in order to get high seed y ie ld , Randhawa &t a^, 

(1984) suggested tha t Ammi ma jus might be planted in rows 

a t 45 can and a t 30 cm spacing within the row. I t resul ted 

in seed yield of 11,85 q/ha, plant height (153.55 cm), number 

of branches (144.9) and number of umbels (93.95) per p lant , 

which was s ign i f i can t ly superior over cont ro l . 

Pareek ard Sethi (1985) found tha t a row spacing of 

45 cm was superior over 30 and 60 cm spacing in case of 

coriander. The yield a t t r i b u t e s l i k e 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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mimber of grains per vmloel (10,1) and gralca yield p«7 

hectare (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 yield ofver 50 and 60 cm row spacings,^ 
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Ill MATERIALS AND METHODS 

She studies on the effect of nitrogen, phospihonui 

and spaclngs on growth, yield and essential oil content 

^^ Poenioulum Tulgare Mill, were carried out at the Horti-

oultural Research Station, Gandhi Krishi Vignana Kendra, 

Bangalore, during Rabi season in the year 1984-85. 

3»1 Geoirraphical location and climate 

2)he Horticultural Research Station, Gandhi Krishi 

Vignana Kendra, Bangalore, is located at an elevation of 

930 m froa MSL on latitude 12»58* North and longitude of 

77*55* East, The meteorological data during the crop 

growth period are presented In Appendix I, 

3.1.t Soil condition 

A plain piece of land having red sandy loam l^pe 

of soil with uniform f«>rtillty status was selected for 

the experiment, OSie soil 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 ooiv-

ductivity. The results of the analysis are furnished in 

Appendix II, 
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3.1.2 Experimental detalla 

3.1.2.1 Design t PactoriaJ. split plot deslga. 

Number of treatment combinations t 36 

Number of replication© t 3 

Gross plot size t 4.2 x 2.4- metres 

Net plot size t 3.6 x 1,8 metres 

3.1 .2 .2 Treatments 

(a) Main plot treatments(Nitrogen and phosphorus) t 6 Nos. 

Levels of nitrogen « ^n " ^ kg/ha 

N̂  8 30 k^/ha 

Ng « 100 k£/ha 

Itevels of phosphorus s ^Q » 0 k^/ha 

£ | s 23 kg/ha 

Pg « 50 k ^ a 

(b) Sub-Plot treatments (Spaclngs or populations) i 4 Nos. 

S^bol Spaclngs No. of No. of No. of No. of 
Vcm) rows/plot plants/row p l a n t s / plants /ha 

Si 

% 

S3 

S4 

60x15 

60x20 

45x30 

45x20 

6 

6 

8 

8 

12 

9 
« 

9 

72 

54 

48 

Tit 

1,11,111 

83,333 

74,074 

1,11,111 



• • S i : 4 ^ 

HtASS 1, A view of expsrizaental plot 
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3«1 i3 Preparat ion of experimental Plot 

aOie experimental area was d isc p lou^ed . Subsequently 

the weeds were removed, clods were crushed and land was 

"brought to f ine t i l t h . I t was divided in to required number 

of main p lo ts and sub-plots . Ihe main and sub- i r r iga t ion 

channels were la id out taking in to consideration the gradient 

of the s i t e . After the formation of main and sub-plots and 

channels, the main and sub-plot treatments were assigned to 

the d i f ferent main and sub-plots i n each r ep l i c a t i on by using 

the random t a b l e , ^ e l l decomposed faxmyaxamanure was applied 

a t the r a t e of 5 leg/plot (15 ca r t loads per hectare) and 

mixed well i n the s o i l , 

3.1.4 Application of fertilizer 

The nutrients were applied in the form of straight 

fertilizers, nitrogen in the foim of urea and jphosphorus in 

the form of single superphosphate. Since the soils are rich 

in potassium content it was not included in this experiment, 

5.1.5 Time of applloatlon 

Full dose of phosphorus was applied at the time of 

sowing seeds, v\̂ ereas nitrogen was applied subsequently in 

two equal split doses, that is at 45 days of sowing anA at 

flower initiation, respectiveiy. 
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3.1 •'€ Sowing of eeeda 

The seeds of commercial variety of fennel, procurei 

locally were soaked In water for five days prior to sowing 

(Anon., 19831>), Th^ were sown on 2nd November 1984 directly 

into the field at varied spacings. The experimental plots 

were irrigated regularly and kept free from weeds, 

5,1 •1' Thinning of excess seedlings 

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.t 

3.1.8 After cultivation 

The plots were weeded twice in order to keep Idis 

plots tree 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 Plant protection 

Aphids are the serious pest affeoting 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,, I983b), 
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3«1«10 Stage of harvest and harvesting 

Since all the fruits do not mature at a time 

harvesting of umbels was done as and vAien the umbels 

attained a slight greenish yellow colour, Ihree harvests 

of mature umbels were carried out at 10 days interval, The 

last harvest being done on I8th April 1985» The harvested 

umbels were then dried under shade and after 8-10 di^s of 

drying they were threshed and seeds separated and 

cleaned by winnowinĝ ;'* 

5»1»11 Distillation of essential oil 

Hlhe d i s t i l l a t ion of essential o i l from ttoe dried 

fennel seeds was done by hydrodisti l lation, using Clavenger*s 

apparatus. For d i s t i l l a t ion , a known we i^ t (50g) of the 

dry fennel seeds were ground in 'Multiple x Grrinder* into 

a coarse powder and taken In a flask added with water (half 

the capacity of flask) and d is t i l led for t̂ ^ hours. During 

the d i s t i l l a t ion care was taken to keep the temperature of 

the condenser sufficiently high to prevent the oi l from 

eongealing thereon (Guenther, 1950), The volat i le o i l that 

d i s t i l l ed out was condensed and collected in volls*^ 

3«t ,12 Egperlmental observations 

Safflpllnig teohnigue i KLve plants in each plot were 

selected at random avoiding the border row plants and they 

were tagged for taking observations. 



PLATE 2, mi f erent stagee of the growth 
of umbel 

HiAIB 5, OffibeX at harvesting 0tag« 
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3»1 ."12,1 C&rowiai parameters 

(1) Plant height (oia> 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, 

(ii) Number of branches per plant t !IIhe observation on the 

number of branches was recoiled by counting the number of 

branches in each plant at the final harvest,̂  

(lil) Time taken for first and 50?̂  flowerinigt After the 

first plant flowered the observations on flowering were 

recorded by daily counting the number of plants flowered 
X 

in each plot,-

(iv) Itoaber of umbels per plant t The cumulative number 

of umbels harvested at each time was used and the total 

number of umbels per plant was calculated,* 

(v) Size of Idle umbel t The diameter of each of the 

harvested umbels was measured and expressed as the size 

of the umbel, 

(vi) itresh and dry weifdbt of plant t 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 diy weight was recorded,̂  
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3.1 •12.2 Yield parameters 

(i) Number of fruits per umbel t '^he data on the number of 

umbeliete per umbel waa multiplied with the number of fruits 

per umbellet and ex;pressed as number of fruits per umbel* 

(ii) gresh weight of seeds (umbels) per Plant t 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 v/eight of seeds (umbel) per plant** 

(lii) Dry weight of seeds (fruits^ per Plant i Ib?esly 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). 33ie cumulative w9i#t of dried 

and separated fennel seeds from all the three harvests was 

used to express as dry weight of seeds per plant*^ 

(iv) Itoy weight of 1000 seeds i To record this observation, 

lOOO dried seeds of fennel from each plot were counted and 

weighed •< 

(v) Seed yield per hectare t The data on the dry weight of 

seed per plant was employed to ccanpute the yield per hectare* 

(vi) Percentage oil yield t 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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( 7 i l ) Total e ssen t ia l olX y ie ld t Total e s sen t i a l o i l 

y ie ld per hectare was caloulated based on the seed yield 

per hec ta re . 

5.1.15.1 Soil PH The pH of the s o i l was measured fey using 

a simple electrode pH meter (type Toshiiiwal Model C 1-2). As 

suggested by Jackson (1967), so i l and water r a t i o ot 1 t2 ,5 

was used for pH measurement. 

5 .1.13.2 E lec t r i ca l conductivity t The s o i l and water 

suspension used for measuring the pH value was f i l t e red and 

with the help of a conductivity bridge the EC of the solut ion 

was measured*^ 

3.1.13.3 Organic carbon t The organic carbon was estimated 

by Walkely ana Black Wet digest ion method as described by 

Piper (1957);^ 

3.1.13.4 Available ni t rogen t The avai lable ni trogen 

content was determined by alkal ine permanganate method 

(Subbaiah and Asija» 1936), 

3.1.14.5 Available Phosphorus t Bray*s Ho.1 extractant 

<0.031f ammonium flouride + 0.025N HCl) method was ©nployed, 

Jhosphorus in the f i l t e r ed extract was determined by 

ohlorostannous reduced molybdaphosphate blue colour method 

(Jackson, 1967). The in t ens i ty of the colour was read 
using a Spectrophotometer, 
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3.1«1]̂ «̂ 6 Exchangeable potasslua i She neutral aiamonium 

acetate extract oi soil was used to determine exchangeable 

potassium after shaking for 30 minutes on AIMXL flame 

photometer.^ 

5«1*14 flant analysis 

3!he plants were analysed for their total nitrogen 

and phosjiiorus content. 

3.1.14»1 Total nitroigen i Ihe total nitrogen was determined 

by K^eldhal method as outlined by Piper <1957),^ 

3.1.14«2 Phosphorus t The phosphorus content in plants 

was determined by Vanadomolybdate method (Jackson, 1967)*' 

3 ^ .i 5 Statlstieal analysis and Interpretaticm 

The data on various blometrio observations collected 

during the study were subjected to statistical analysis as 

per l&e procedure outlined by sundararaj £t ^ . (1972), 



EXPERIMENTAL RESULTS 



i1 
Vf mPERlMENTAI. EBSQJJSS 

The results ol the experiment carried out during Rabi 

season ol 1984 to study the effect of different levels of 

nitrogen and phosphorus under four different spacings on 

growth, yield and essential o i l content in Foeniculum jUiLsacir 

Mill« are presented in th is diiapter.^ 

4,1 aroirth parametsre 

4.1,1 giant height 

The data on the plant height as influenced by different 

levels of nitrogen and phosphorus at different spacings and 

the i r interactions are presented in the Tables l a to 1c and 

also I l lustrated in Fig.1. 

!She effect of different levels of nitrogen on the 

h e i ^ t of plant was not significant at 60th and 70th day 

after sowing but i t differed significantly SBong treatments 

at 80th, 90th day after sowing anfl also at the time of har­

vest. In a l l the cases, N2 level of nitrogen (100 kg/ha) 

was found significantly superior to others. At the time of 

harvest, th i s treatment (N2) recorded the maximum height of 

plant (115.97 cm) as compared to NQ level (103.11 on). 

Phosphorus at a l l the three levels did not influence 

the plant height throughout the growth period. 
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Table la. Main effect of nitrogen, phosphorus and spacings 
on plant height (cm) at different growth stages 

Treatment 

»0 

h 
»2 

60 

20.85 

20.87 

21.82 

Days a f t e r 

70 

44.94 

46.94 

48.71 

sowing 

80 

82.66 

87.25 

92.17 

90 

98.24 

104.55 

108.58 

•" Au XiaX^OSV 

105.11 

110.51 

115.97 

CD at 59̂  HS NS 5.55** 6,97»* 2,79** 

^0 

^1 

h 
CD at 5?̂  

8| 

% 

% 

^4 
CD at 59̂  

20.96 

20.67 

21.90 

NS 

21.63 

21.65 

20.57 

21.05 

NS 

46.66 

45.66 

48.27 

NS 

47.74 

48.18 

44.55 

47.03 

NS 

85.77 

86.48 

89.82 

NS 

86,86 

88.74 

84.60 

87.25 

NS 

104.13 

102.61 

104.40 

18 

104.45 

104.73 

101.58 

104.52 

VS 

107.66 

108.70 

111.02 

NS 

108.54 

110.02 

108.11 

110.06 

NS 

** Significant at Iji probahility level 

NS B Non-significant 
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Table l b . In te rac t ion effect of Main x Sub- (a) nitrogen and 
spacings, (b) phosphorus and spacings, on plant 
h e i ^ t (cm) at d i f ferent growth stages 

Treatment 

(a) N 3? S 

NQSI 

N0S2 

^oSj 

^0^4 

h^ 
N,S2 

N^Sj 

H,S^ 

^ 2 ^ 

^ 2 % 

. ^2^ 

^ ̂ zH 

60 

21.22 

19.94 

21.48 

20.68 

20.42 

22.26 

19.48 

21.33 

23.24 

22.75 

20.15 

21.15 

Days 

70 

44.31 

45.44 

45.73 

44.28 

47.22 

49.84 

43.15 

47.^2 

51.68 

49.27 

44.71 

49.18 

a f te r sowing 

80 

82.77 

83.94 

82.08 

81.84 

90.82 

88.73 

83.23 

86.22 

93,00 

93.55 

88.49 

93.68 

90 

99.76 

98.17 

96.76 

98.30 

I 0 5 . i 1 

106.82 

102.18 

104.03 

108.50 

109.19 

105.20 

110.63 

103.17 

101.84 

102.14 

105.31 

107.48 

112.86 

111.18 

109.72 

114.38 

115.36 

111,02 

115.15 

CD a t 5% NS NS KS NS 18 

Contd, 
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Table 1b(contd> 

Treatment 

(1>) P X S 

^0^ 

^ 0 % 

PQSJ 

^0^4 

p^a, 

^ 1 % 

^1^3 

^1^4 

^ 2 ^ 1 

^ 2 % 
P2S3 

P2S4 

60 

22.35 

19.58 

20.22 

21.68 

20.77 

22.13 

19.40 

20.37 

21.75 

23.24 

21.51 

21.11 

Days a f t e r sowing 

70 

47.95 

45.11 

46.15 

47.48 

46.80 

47.16 

42.43 

46.30 

48.48 

52.28 

45.02 

47.31 

80 

87.09 

83.69 

85.26 

87.04 

87.71 

89.43 

83.40 

85.43 

91.79 

93.12 

85.14 

89.27 

1 

90 

104.00 

104.61 

103.44 

104.52 

102.45 

104.97 

100.58 

102.47 

106.93 

104.61 

100.13 

105.97 

At sowing 

105.95 

107.00 

106.97 

110.77 

107.80 

112.08 

108.16 

106.79 

111.28 

110.98 

109.22 

112.61 

CD at 5^ NS NS NS NS VS 

NS m Non>slgnlfleant 
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Plant height was also not affected by the four 

different apacings under which they were grown. 

With regard to the influence of nutrient levels (NP) 

on plant height, there was a significant difference observed 

at 80th and 90th day after sowing, and also at the time of 

harvest. At 80th day the maziiBUBi plant height was recorded 

at H2'P2 ^^^^^ (93,55 cm) which was closely followed by NgP^ 

(9i.80 cm) and NgPQ (91.19 cm) over the control (79.90 c«). 

However, at 90th day the maximm plant height was recorded 

at NJPQ levels (109.2 cm) followed by H^P| (107.6 cm) and 

N2P2 (106,9 cm), 2!he NQP^ treatment recorded the least 

(93,9 om), whereas, at the time of harvest the maximum plant 

height was recorded by N2P-f level (115.3 em) followed by 

%^2 ^^^^*^ ®®)» ^2^0 (̂ ''5*5 ^^^ ®°** ̂ * ^^^ *^® lowest at 

HQP^ levels (96.7 cm). 

Hone of the interaction effects of NS, PS and UPS 

were found to Influence plant height significantly througb-

out the growtti period, 

4.1.2 Number of branches per plant 

The ftata on -&e 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 2c and illustrated in Ilg,2. 
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liable 2a« Number of branohes per plant as influenced by 
di f ferent levels of nitrogen and phesphorue 

Treatment 

^0 

*1 

^2 

Mean 

CD at 5^ 1 

CD a t 59̂  1 

N 

P 

^0 

6.95 

7.48 

7.50 

7.51 

h 

8.18 

8.45 

8.56 

8.55 

0.45 

0.45 

»2 

7.75 

8.04 

8.90 

8.25 

Mean 

7.62 

7.98 

8.26 

Table 2b. In terac t ion effect of (a) nitrogen x spacings 
and (b) phosphorus x spaoings on number of 
branches per plant 

Si 

S2 

35 

34 

CD at 5?6 

»0 

7.09 

7.45 

7.66 

7.05 

(a) n X 

7.44 

8.54 

9.05 

8.50 

NS 

S 

7.17 

8.77 

8.67 

8.52 

(D) 

^0 

6.81 

7.79 

8,50 

7.58 

P X S 

^ 

7.17 

8.50 

8,46 

8,01 

NS 

^2 

7.71 

8.66 

8,59 

8,25 

NS M Non-significant 



Table 2c, Number of branches per plant as influenced by 
d i f ferent levels of nitrogen and phosphorus 
under d i f ferent spacings 

51 

Treatment 

Vo 
Vi 
Vz 

"1*0 

»i*i 

"1*8 

Vo 
HgE, 

"2*2 
He an 

«f 

6.65 

7.50 

7.55 

7.48 

6.96 

7.88 

6.55 

7.26 

7.91 

7.25 

% 

7.05 

7.66 

7.65 

8.20 

9.20 

8.22 

8.15 

8.05 

10.15 

8.25 

^ 

7.70 

7.70 

7.58 

9.20 

9.45 

8.45 

8.61 

8.25 

9.16 

8.45 

H 

6.58 

7.26 

7.45 

7.85 

8,15 

8.91 

7.95 

8.65 

8.40 

7.88 

P- tes t 

Mean 

6.95 

7.48 

7.50 

8.18 

8.45 

8.56 

7.75 

8.04 

8.90 

OB at 5# 

Comparison for apy two main plot 
treatments (NP) SS 

Comparison for any two sub«.plot 
treatment (spacings) •• 

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

For comparison of main treatments 
at same level oj^or different 
levels of sub-treatmenta NS 

0.406 

•S ign i f i can t at 5^ probabi l i ty level 
*»Significant a t 1?i probabi l i ty l eve l 
NS s Non<-signif leant 
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Individual effects of nitrogen and pfeosphorus were 

significant. Nitrogen at Ŝ  level (50 k^ha) produced the 

maxifflusi number of branches (8.33) ^idk was closely followed 

by H2 level (8,23) and significantly superior over NQ level 

(7.51). Haosphorus at Po level produced the maximua number 

of brandies (8,26) anA was significantly superior over PQ 

level (7«̂ 2>.̂  

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 3^ spacing (8,45) followed by a^ (8»25) viiiioh 

were significeaatly superior over 3̂  and S* spacings, ThB 

lowest number of branches was recorded in plants grown at Sf 

spacing (7*23). 

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

influence the number of branches per plant, 

4,1.5 gJme taken 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 interactions 

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

The time taken for first flowering did not differ 

significantly among individual effects of different levels 

of nitrogen, jdiosphorus and their combinations (NP), 
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Table 3a, Number ol days taken for first flowering as 
Influenced by different levels of nitrogen 
and phosphorus 

Treatments 

^0 

*1 

^2 

Mean 

CD at 55̂  « N 
CD at 55̂  f P 

\ 

74.74 

75.33 

74.16 

74.75 

1̂ 

73.74 

74.41 

75.66 

73.94 

NS 
HS 

h 

74.49 

74.33 

73.16 

74.00 

Mean 

74.33 

74.69 

73.66 

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

(a) U X S (b) P X S 

No Hi Kj ^0 1̂ h 

S, 74.33 73.66 73.10 74.00 73.66 73.44 

S2 75.22 74.33 73.77 75.22 74.77 73.33 

Ŝ  75.33 74.33 75.11 74.44 75.77 74.55 

Ŝ  74.10 73.44 73.99 73.66 74.55 73.33 

CD at 5¥> I NxS t NS CD at 5?̂  J ftcS : 1.21 

NS m Ncn-signifleant 
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Table 5o. Number of days taken for f i r s t flowering as 
influenced by d i f fe ren t l eve ls of nitrogen and 
phosphorus under d i f ferent spacingo 

Treatioents 

Vo 
Vl 
V2 

^ ^ 0 

Nl^l 

^1^2 

^2^0 

»2^1 

NgPg 

Mean 

Comparison i 
plo t treatn 

Comparison i 
treatments 

Si 

73.66 

75.00 

74.33 

74.00 

73.33 

73.66 

74.33 

72.66 

72.33 

73.70 

% 

77.33 

75.00 

73.33 

73.33 

74.66 

75.00 

75.00 

74.66 

71.66 

74.44 

!ar any two main 
lents (NP) 
lor any two 
(spacings) 

sub-plot 

% 

75.00 

76.66 

74.33 

73.66 

75.00 

74.33 

74.66 

75.66 

75.00 

74.92 

fWtest 

NS 

* # 

For o(»iparison of sub-treatments 
a t same level of main treatments *• 

^4 

73. ,00 

74.66 

74. 

74, 

74. 

71. 

74. 

.66 

,00 

.66 

.66 

,00 

74.33 

73, 

73, 

.66 

.85 

CD . 

Mean 

74.75 

75.33 

74.16 

73.75 

74.41 

73.66 

74.50 

74.33 

73.16 

a t 5^ 

0.609 

1 .826 
For comparison of main treatments 
a t same level of/or d i f ferent 
l eve l s of sub-treatments « « 1.009 

* Significant a t 55̂  probabi l i ty l eve l 
•» Significant at 1^ probabi l i ty l eve l 

KS s Non-significant 
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Whereas, the significant difference was observed in case 

of different spaoings with regard to the time taken for 

first flowering. !I!he plants grown at & spacing (45x50ca) 

took the maxLmum time for first flowering (74.92 days) 

followed "by S2 spacing which significantly differed with 

the plants grown at S| and S, spacing. !Dhe minimum time 

taken for first flowering was observed in plants grown at 

Ŝ  spacing (73.70 days). 

With regard to interaction effects of PS, time taken 

for first flowering were found significant. The interactions 

of £fSz required the maximum time ('î .77 days) which was 

significantly higher than the other interaotionsv !Qie 

minimum time (73*33 days) taken for first flowering was 

noticed in plants receiving the treatments of P2S2 and ]^2^A. 

interactions.^ 

Interaction effects of NPS were also found significant 

for first flowering. Among the plants grown at 3f spacing, 

the plants treated with NQP^ level of nutrients required 

the mazimma time (75 days) for the first flov/ering, which 

was closely followed by N2PQ and Jil̂Pg levels (74.33 days). 

The minimum time taken for first flowering was recorded in 

plants receiving N2P2 level of nutrients (72.33 days). 
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Among the plants grovm at Ŝ  spacing mazlmua time 

taken lor f i r s t flowering was in control (77,33 days) and 

the ^2-^2*^^^^^ ^^ nutrients required the BlnimuB numher of 

days (71.66), 

In 3a spacing, the treatment ISQB^ required the 

maxiffluffl number of days (76«66) for f i r s t flowering which 

significantly differed with the other treatments, whereas 

the minimum days (73.66) were recorded in the N^PQ t r ea t ­

ment vhich differed significantly.^ 

ZB case of plants grown at S. spacing, the trend 

wii^ regard to maylmum time required for f i r s t flowering 

was same to that of â  '̂̂ ^ ^ spacing, whereas the plants 

receiving N P̂g level of nutrients required the minimum time 

(71,66 days) for i t s f i r s t flowering, 

4.1.4 glme taken for 50^ flowiring 

Observations on the time taken for 50^ flowering 

as influenced by different levels of nitrogen and phosphorus 

at different spacings and their interactions are presented 

in Sables 4a to 4c. 

Individual effects of nitrogen, phosphorus and spacings 

and the i r interaction effects among the NS, PS and NPS, a l l 

of them were found non-significant in respect of the tim* 

taken for 50?̂  flowering. Whereas the tiaie taken for 50^ 
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Table 4a. Number of days taken for 50^ flowering as 
influenced by different levela of nitrogen 
and phosphorus 

Treatments 

^0 

1̂ 

h 
Mean 

OD at 5% t 

CD at 5^ t 

N « 

P =: 

NS 

NS 

^ 

83'.91 

84,91 

83.35 

84.05 

«» 

82.74 

82.58 

82.66 

82.66 

N2 

83.07 

83.41 

82.33 

82,93 

Mean 

83.24 

83.63 

82.77 

Table 4^. Interaction effect of (a) nitrogen x spacings 
and (b) phosphorus x spacings on number of 
days taken for 50^ flowering 

% 

% 

^ 

h 
CD at 59̂  

(a) N X 

So h 

82.88 82.77 

84.11 82.55 

83.66 82.22 

84.44 82.99 

t NxS m NS 

S 

% 

82.77 

82.77 

82.99 

83.22 

CD 

(b) 

^0 

85.44 

83.44 

82.66 

85.44 

at 5?̂  t 

Px S 

^1 

85.11 

83.66 

83.66 

84.11 

Px S s 

^2 

85.11 

82.53 

82.55 

85.11 

NS 

NS s Non-significant 



Table 4c, Number of days taken for 503̂  flowering as 
influenced by different levels of nitrogen 
and phosphorus under different spacings 

43 

Treatments 

Vo 
»0^1 

Vz 

•̂ ô 
H,P, 

Hl*2 

»2*0 

»2'1 
HgPj 

lie an 

1 

St 

84.33 

83. 

84, 

.66 

.00 

82.33 

82. 

83, 

83, 

83, 

81, 

83< 

.66 

.66 

.66 

.00 

.66 

,22 

% 

84.00 

85. 

83. 

83. 

82, 

82. 

83, 

83, 

81, 

.33 

,00 

,00 

.00 

.66 

.33 

.66 

.33 

83.14 

% 

83, 

85, 

\ 

.33 

,33 

82.33 

82, 

82, 

82, 

82, 

83, 

83, 

.00 

.66 

,00 

,66 

,00 

,33 

82,96 

H 

84.00 

85,33 

84.00 

83.66 

83.00 

82.33 

82.66 

84.00 

83.00 

83.55 

P- tes t CD a t 

Mean 

83.91 

84.91 

83.33 

82.75 

82,58 

82.66 

83.08 

83.41 

82.33 

M 
Comparison for any tv/o main plot 

treatment (UP) • 1.445 

Comparison for any two sub-plot 
treatments (spacings) NS <• 

For comparison of sub-treatments 
a t same level of main treatments NS m 

For comparison of main treatments 
a t same level of/or d i f ferent 
l eve l s of sub-treatments NS • 

• Significant a t 5% probabi l i ty level 
•* Significant a t 1% probabi l i ty l eve l 

NS a Non-significant 



H 

flowering differed significantly among different levels of 

nutrients (NP). The maximun time (84.9^ days) taken for 

30^ flowering was observed at NQP^ level followed "by NQPQ 

(83.91 days) which significantly differed with other nutrient 

levels. The minimum time was observed at N2P2 level (82.33 

days). 

4.1.5 Total number of uabele per Plant 

The data on number of umbels per plant as Influenced 

by different levels of nitrogen and jdiosphorus at different 

spaolngs and their interactions are presented in Tables 5a, 

5b and 5o, and Illustrated in Ilg,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 H2 level (23.63) which was 

significantly superior over Ŝ  and HQ levels. The mlnliwa 

number of umbles recorded was at NQ level (16.25). There was 

a significant difference among NQ, 1̂  and Nj level*,* 

In case of different spacings influencing the total 

number of umbels per plant, the plants grown at S^ spacing 

recorded the maximum (23.62) which was eignificantly superior 

over all other spacings. The minimum number of umbels per 

plant was recorded in plants grown at 3̂  spacing (18,39). 
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Table 5a, Total number of umbels per plant as Influenced 
by d i f ferent leve ls of nitrogen and phosphorus 

Treatments 

^0 

^1 

h 

^̂ 0 

16.46 

18.73 

19.56 

«1 

20,70 

22.33 

20.05 

^2 

21.31 

23.21 

26.38 

Mean 

19,49 

21.42 

22,00 

Mean 18.25 21.02 23.63 

CD a t 59̂  f N e 2,63 

01} a t 59̂  t P e NS 

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

Si 

% 

Sj 

^4 
03) a t 5^ t 

(a) 

»0 

17,24 

16.71 

20.88 

18.17 

NxS s 

N X S 

^ 

17,55 

23.06 

22.51 

20.97 

NS 

Hg 

20.37 

25.02 

26.88 

22.26 

W 

^0 

17,26 

19,22 

22,13 

19,33 

CD at 59̂  

P X S 

^1 

18.11 

22.02 

23.75 

21.82 

I P X S 

h 

19*80 

23,55 

24.40 

20.24 

» NS 

NS a Non-significant 
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Table 5o. Total number of umbels per plant as influenced 
by di f ferent l eve ls of nitrogen and phosphorus 
under d i f fe ren t spacings 

Treatments 

^0^0 
HQP^ 

N^Pg 

^ ^ 0 
H,P^ 

N,P2 

NgPo 

NgPi 

»2^2 

Mean 

Comparison 
treatments 

Si 

16.26 

16.66 

19.60 

16.93 

16.26 

17,46 

18.60 

19.40 

25.13 

18.39 

% 

15.86 

17.60 

16.66 

21.40 

24.40 

23.40 

20.40 

24.06 

30.60 

21,60 

for any two main p lo t 
(WP) 

^ 

18.20 

20.86 

23.60 

23.93 

25.40 

18.20 

24.26 

25.00 

31.40 

23.62 

P~test 

• 

h 

15.53 

19«80 

19.20 

20.53 

21.26 

21,13 

22.00 

24.40 

20.40 

20.47 

CD at 

Mean 

16.46 

18.73 

19.56 

20.70 

22.33 

20.05 

21.31 

23»2t 

26.38 

5^ 

4.553 

Comparison for any tv/o sub-plot 
treatments (spacings) • • 2.012 

For comparison of sub-treatments 
a t same leve l of main treatments NS •» 

Por comparison of main treatments 
a t s ^ e leve l of /or d i f ferent 
l«ve ls of sub-treatments NS -

* Significant a t 3^ probabi l i ty level 
•* Significant a t 1^ probabi l i ty level 

NS s Non-significant 
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Effect of different levels of nutrients (NP) v/aa 

also found slgnlfloant« The mazlmum number of umbels per 

plant was reoorddd In plants receiving N2P2 level (26,?8) 

followed by Hĝ t (23,21) and N^P^ (22,33). All of these 

were signifioantly superior over control viiiob recorded 

the minimun number of umbels per plant (16,46). Whereas, 

Individual effect of phosphorus and interaction effects 

of NS, ?3 and NFS were found not^aignificant. 

4Am^ SJge of the umbel 

She 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 Sa., 

6b and 6e.* 

Individual effect of nitrogen and jdiosphorus signi­

ficantly differed for the size of umbel. The maximum size 

of umbel was recorded in plants receiving £(2 level of nitrogen 

(13.00 cm) followed by K̂  level (12,64 cm) whicdi were signi­

ficantly superior over NQ level (11,44 cm). 

In case of phosphorus, Pg level recorded the maximum 

umbel size (12,98 cm) followed by £y (12,71 em) which were 

significantly superior over PQ level (11,40 cm). 

Size of the umbel also differed significantly in 

plants grown at different spacing*. The maximum umbel 
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Table 6a. Size of umbel (cm) as influenced by di f ferent 
l eve l s of nitrogen and phosphorus 

Treatments 

*0 

*t 
h 

% 

10.98 

11.18 

12.17 

»r 

11.33 

13,46 

13,13 

h 

11,90 

13.48 

13.63 

Mean 

11.40 

12.71 

12.98 

Mean 11.44 12,64 13.00 

CD a t 5^ I N a 0.736 
P a 0.736 

Table 6b. In te rac t ion effect of (a) nitrogen x spacing 
and (b) phosphorus x soacing on s i ze cf umbel 
iSBl 

(a) N X 3 (b) P X S 

^0 «1 ^2 ^0 ^1 h 

Ŝ  11.06 12.17 12.69 10.87 12.02 13.03 

S2 11.30 12.61 13.34 11.23 13.06 12,93 

Sj 12.37 13.27 12.99 12.00 13.44 13.20 

S^ 11.04 12.51 13.00 11.51 12.30 12.73 

CD a t 59̂  « Nx S • N3 CD at 5?̂  t Px 3 « NS 

NS » IJon-significant 
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Table 60. Size ol umbel as influenced by d i f fe ren t l eve l s 
of nitrogen and phosphorus under d i f ferent 
spacings 

Treatments 

"0*0 

Vi 
Va 

»1*0 

h^i 

h'z 

h^o 
H2*1 

Va 

Mean 

Comparison 
treatment 

3| 

9.90 

10.70 

12.60 

11.05 

12.66 

12.80 

11.66 

12.70 

13.71 

11.97 

for any 
is (NP) 

Comparison for my 
treatments (spaci 

h 

10.25 

11.25 

12.41 

11.54 

13.66 

12.63 

11.92 

14.28 

13.82 

12.41 

^ 

13.10 

11.90 

12.13 

11.28 

14.69 

13.85 

11.62 

13.74 

13.62 

12.88 

two main plot 

two sub-plot 
ngs> 

84 

10.70 

10.87 

11.55 

11.46 

12.82 

13.25 

12.38 

13.23 

13.39 

12.18 

S- tes t 

* * 

* 

Meal 

10.98 

11.18 

12.17 

11.33 

13.46 

13.13 

11.90 

13.49 

13.63 

CD ^t ?^ 

1.274 

0.579 

For comparison of sub-treatments a t 
same level of main treatments NS 

Por comparison of main treatments 
a t same level of/or different 
l eve l s of sub-treatments NS 

• Significant a t 5^ probabi l i ty level 
** Significant a t 1^ probabi l i ty leve l 

NS » Non-significant 
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alze was recorded In p lants grown a t SL spacing (12.88 cm) 

followed iBy S2 spacing (I2.4I cm). Size of the umbel in 

p lan ts grown a t S^ spacing was s ign i f i can t ly superior oTer 

S| and S^ spaoings and minimum s ize of umbel was recorded 

a t Sf spacing (11.97 ca).^ 

Effect of different l e r e l s of nu t r i en t s (NP) on th« 

s ize of umbel was s ign i f ican t ly superior over the control , 

OZhe maxiioum s ize of umbel was recorded i n p lan ts receiviivi 

*2*2 ^®''®^ ^ 3 , 6 3 cm) followed by NgP̂  (13.49 cm) and N^Pg 

(13.13 cm). The control ( NQPQ ) recorded the lowest umbel 

s ize (10.98 cm).' Whereas, the in te rac t ionp , ITS, PS and NPS 

were found to be non-signif icant . 

4»i^7 Eresh weight of plant 

The data on fresh weight of plant (g /p lant ) as 

influenced by di f ferent l eve l s of ni trogen and phosphorus 

a t d i f fe ren t spaoings and t h e i r in te rac t ions are presented 

i n Tables 7a, 7b and 7o and a).30 i l l u s t r a t e d in P ig .3 . 

Individual effects of nitrogen and phosphorus were 

found s igni f icant with respect to fresh w e i ^ t of the p lan ts . 

P lants receiving Hg level of ni trogen recordid the maximum 

fresh w e i ^ t of p lant (51.30 g) followed by n^ l eve l (48.21g) 

and were s ign i f ican t ly superior over NQ leve l which recorded 

the l e a s t fresh weight of plant (31.16g). Phosphorus at Pg 

l eve l recorded the maximum fresh weight of plant (45.69g) 
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Table 7a. JPreeh weight of plant (g/plant) as influenced by 
different levels of nitrogen and phosphoi^s 

Treatments &« IL K/» Mean % «t ^2 

24.56 

28.25 

40.70 

42.74 

55.54 

46.56 

53.04 

50.87 

50.01 

40,11 

44.88 

45.69 

^0 

^2 

Mean 31,16 48^21 51.30 

CD at 5?̂  t N B 3.62 

P m 3.62 

Table 7bf Interaction effect of (a) Hitrogen x spacing and 
Clo) phosDhorus s spacing en fresh v;eight of plant 
(g/plant) 

h 
h 
% 

»4 

OD a t 5^ 

M N X 

^0 ^1 

26.22 37.33 

33.84 55.48 

36.14 58.47 

28.46 41.56 

t NxS a NS 

S 

Ng 

37.88 

56.40 

61.16 

49.78 

(b) p X a 

^0 

30,35 

44.34 

49.23 

36,54 

^1 

34.71 

52.68 

52.48 

39.65 

CD a t 5'^ t PxS 

\ 

^2 

36.37 

48.70 

54.06 

43.62 

s NS 

srs a Non-significant 
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Table 7c, itesh weight of plant (g/plant) as influenced by-
different levels of nitrogen and phosphorus under 
different spacings 

Treatments 

Vo 
Vi 
HQP2 

^ ^ 0 

»1^1 

^ ^ 2 

NgP^ 

%^1 

\h 

Mean 

Si 

20,53 

24.66 

53.66 

34.15 

40,40 

37.46 

36.58 

39,06 

38.00 

33.81 

Comparison for any 
treatments (HP) 

h 

28,13 

29,50 

43,90 

46.56 

68,90 

50.98 

58,32 

59.06 

51.24 

48.57 

H 

29,00 

32.43 

47.00 

52,10 

70.33 

53,00 

66,61 

54.68 

62.20 

51.93 

two main p lo t 

h 

20,80 

26,33 

38.26 

38.16 

42,53 

44.00 

50.66 

50,08 

48,60 

39.93 

P- tes t 

• » 

Mean 

24.56 

28,23 

40.75 

42,74 

55.54 

46,56 

53.04 

50.87 

50.01 

OD a t 5% 

6.265 

Ooaparison for any two sub-plot 
treatments (spacings) •* 4.254 

Por comparison of s u b - t r e a t m e n t s 
a t same l e v e l of main t r e a t m e n t s NS «» 

Por o(»Qparison of main treatments 
at same level of/or different 
levels of sub-treatments HS -

mmammmmammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^ 

** Significant at 1^ probability level 
HS m Non-significant 
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TChioh was closely followed by P̂  level (44*88g). These 

were significantly superior over the PQ level which reccxrded 

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 K^P^ level recorded the highest fresh weight of plant 

(55.54fi) followed by NgPQ (53.04g>, NgP^ (50.87g) and NgPg 

(50.01g) which were significantly superior over control 

which recorded the lowest fresh weight of plant (24«56g).' 

Plants grown at different spadngs also differed 

significantly in their fresh weight. The maximum fresh 

weight of plant was recorded in plants grown at S* spacing 

(5l.93g) followed by S2 spacing (48,57g) wdiich were signi­

ficantly superior over 3| and Sj spacings.. Plants grown 

at S| spacing recorded the lowest fresh weight of plant 

(53.81 g>. 

Interaction effect of ITS, PS ard NPS did not differ 

significantly anong themselves. 

4.1'î  Dry wei/3:ht 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 80 and also illustrated in Slg. -?. 
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Table 8a. Dry weight of plant (g/plant) as influenced by 
different levels of nitrogen and phosphorus 

Treatments HQ X | i ^ Mean 

^0 

^1 

^2 

,13,76 

13.73 

16,12 

19.95 

23.62 

22.21 

23.96 

22.88 

24.77 

19.22 

20.08 

21.04 

Meaa 14.54 21,93 23.8? 

OD at 5?i I H « 1.90 

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

aj 

H 
% 

H 
CD at 5% 

»0 

12.67 

14.43 

17.40 

13.66 

t NxS B 

(a) N 

^ 

17.73 

23.79 

25.45 

20.74 

NS 

X S 

% 

17.76 

26.80 

28,16 

22.77 

(1>) 

^0 

15,40 

19.39 

23,32 

18,78 

CD at 5?̂  

P X S 

1̂ 

15.41 

23.29 

23.74 

17.87 

s £xS « 

h 

17.35 

22.34 

23.94 

20.51 

NS 

NS s HonF-signlfleant 



55 

Table 8c, IJry weight of plant ( ^ p l a n t ) as influenced by 
dif ferent leve ls of nitrogen and phosphorus 
under d i f ferent spaoings 

Treatments 

^0*0 

m 
V2 

^ ^ 0 

N^B, 

hh 

Vo 
N2P1 

%^2 

Mean 

Sf 

12.00 

11.18 

14.83 

17.00 

17.60 

18.60 

17.22 

17.46 

18.61 

16.05 

% 

12.15 

14.70 

16.46 

19.66 

28.60 

23.11 

26.35 

28.58 

27.46 

21,67 

% 

18.38 

16.48 

17.33 

23.18 

29.83 

23.33 

28.41 

24.91 

31.16 

23.67 

\ 

12.53 

12.58 

15.88 

19.96 

18.46 

23.80 

23.86 

22.58 

21.86 

19.06 

E-test 

Mean 

13.76 

13.73 

16.12 

19.95 

23.«2 

22.21 

23.96 

22.88 

24.77 

CD at 5^ 

Comparison for two main p lo t 
treatments (NP) 

Comparison for any two sub-plot 
treatments (spaoings) 

Por comparison of sub-treatments 
a t same level of main treatments 

Por comparison of main treatments 
a t same level oJ^or different 
l eve ls of sub-treatments 

• • 

N3 

NS 

3.30 

2.15 

** Significant a t I5S probabi l i ty leve l 
NS » Non-significant 
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It is eTident from the table that nitrogen at Ng 

level recorded the hi^est dry weight of plant (23.87g), 

which was si^iifioantly superior over N^ and HQ levelv.' 

The lowest dry weight per plant was recorded in plants 

receiving NQ level of nitrogen (14#54 g)* There was also 

« significant difference among the levels of nitrogen 

(NQ, H^ and Ng)-

Different levels of nutrients (NP) showed significant 

effect on the dry weight of the plants. Plants receiving 

^2^2 ^^^^-^ ^^ nutrients recorded the highest dry weight per 

plant (24.77g) followed by Hg^o (23,96g), N,P^ (25.62g) and 

NgP-t (22,88g) which were significantly superior over control 

(13»'76g),* The lowest dry weight per plant was recorded at 

NQP-I leiel of nutrients (13,73g>, 

Plants grown at different spacings also differed 

significantly in their dry weight. The trend on dry weight 

per plant was also similar as in case of fresh weight per 

plant. However, the individual effect of phosphorus and 

interaction efficta of NS, PS and NPS on dry weight of 

plant were all found non-significant, 

4,2 Yield parameters 

4.2,1 Number of fruits per umbel 

The data on the number of fruits per umbel as influenced 

by different levels of nitrogen and phosphorus at different 
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spacings and their Interactions are presented in Tatjies 

9a to 9o and illustrated in Pig.2* 

Individual effects of nitrogen and phosphorus on 

number of fruits per umbel differed significantly. Plants 

receiving No icvel of nitrogen recorded the maximum number 

of fruits per umbel (486.66) which was significantly superior 

over HQ level which recorded the lov/est number of fruits per 

umbel (337.59). 

Biosphorus at ?» ievel recorded the maximum number 

of fruits per umbel (487.08) and was significantly superior 

over 2Q level which recorded the lowest number of fruits per 

umbel (363.16). 

Effect of HP interaction was significant in respect 

of number of fruits per umbel. !I3ie highest number of fruits 

per umbel was recorded in plants receiving N2P2 (592.50) 

followed by H^P^ (524.37) and H^P2 (495.87) and were signi­

ficantly superior over control (NQPQ) which recorded the 

lowest number of fruits per umbel (302.12). 

Plants grown at different spacings also differed 

significantly for number of fruits per umbel. The maximum 

number of fruits per umbel was recorded in plants grown at 

S^ spacing (459.91) followed by S^ (446.63) and S^ (442.53) 

and were significantly superior over the plants grown at Ŝ  

spacing which recorded the lowest number of fruits per 

umbel (367/4). 
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Sable 9a» Number of fruits per umbel aa Influenced by 
different levels of nitrogen and phosphorus 

!Dreatments 

^0 

«l 

h 

\ 

502,12 

337.17 

372.85 

«1 

370.42 

524.37 

495.85 

»2 

416.92 

450.55 

592.47 

Mean 

363.16 

437.37 

487.08 

Mean 337.39 463.54 486,66 

CD at 5^ t N = 92.42 

P « 92.42 

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

(a) N X S (b) P X 3 

^0 1̂ ^2 ^0 1̂ h 

n^ 301,41 389,00 411,90 351,50 333.75 417.08 

a^ 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 

IJI 324.50 511.40 543.83 416.91 417.66 545.16 

OD a t 55̂  » NxS a NS CD a t 59̂  i PxS a NS 

NS a Non-significant 
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Table 9o. Number of fruits per umbel as Influenced by 
different levels of nitrogen and phosphorus 
under different spacings 

Treatments 

^0^0 

^0^1 

NoPg 

IS^PQ 

Nl̂ 1 

N,P2 

NgPjj 

»2*1 

%^2 

Uean 

s» 

265,75 

273.00 

365.50 

415.25 

305.75 

446.00 

373.50 

422.50 

439.75 

367.44 

Comparison for any 
treatments (NP) 

Comparison for any 

h 

299.25 

382.25 

378.00 

300.50 

565.50 

463.25 

479.50 

508.00 

643.50 

446.63 

h 

297.25 

371.50 

442.75 

309.50 

U2,23 

480.50 

366.75 

424.75 

550.25 

442.53 

two main plot 

two sub-plo t 

•4 

346.25 

322.00 

305.25 

456.50 

484.00 

593.75 

448.00 

447.00 

736.50 

459.91 

^ . t e s t 

# * 

• 

Uean 

302.12 

337.18 

372.81 

370.43 

524.37 

495.87 

416.93 

450.56 

592.50 

9D fit ^f 

159.90 

70.56 
treatments (spacings) 

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

Por comparison of main treatments 
at same level of/or different 
levels of sub-treatments 

NS 

NS 

• Significant at 5% probabi l i ty level 
** Significant a t ^% probabi l i ty level 
ISTS m Hon-signif leant 
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However, the interaction effects of NS, PS and NPS 

were all found non>significant, 

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

The data on the fresh weight of seeds (umbels) per 

plant as influenced by different levels of nitrogen and 

phosphorus at different spacings and their interactions are 

presented in Tables lOa to 10o and illustrated in Fig.4. 

Nitrogen at different levels affected significantly 

the fresh weight of seeds (^plant). The maximum fresh 

weight of seeds was recorded in plants receiving N2 level 

of nitrogen (69.02) followed by E| level (65.03) and were 

significantly superior over HQ level vdiioh recorded the 

lowest fresh weight of seeds (43il9^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 recei­

ving N2P2 level (71.08) which was closely follovyed by HJPQ 

(70.16) and K^P^ (69.00) which were significantly superior 

over control which recorded the lov;est fresh weight of seeds 

(40,75 i/plant). 

Plants grown at different spacings also differed 

significantly for fresh weight of seeds. The highest fresh 

weight of seeds was recorded in plants grown at Ŝ  spacing 

(1^,74 e/plant) which was significantly superior over all 
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fal}le I0a, Fresh weight of seeds (g/pXant) as Influenced >y 
different levels of nitrc^en and phosphorua 

t reatments 

^0 

^1 

h 

\ 

40.74 

44.24 

50.58 

«1 

61.33 

68.99 

64.77 

Hg 

70.16 

65.81 

71.08 

Mean 

57.41 

59,68 

62.15 

Mean 45.19 65.03 69.02 

CD at 5?̂  I N« 8.17 

Table 10b. Interaction effect of (a) nitrogen x spacing and 
tb) phosphorus x spacing on fresh we i^ t of seeds 
(g/plant) 

«l 

"a 
»s 
^ 

h 

35.33 

48.11 

56.44 

40.88 

(a> H X 

K» 

49.04 

70.73 

80.19 

60.17 

CD a t 5^ 1 11x3= 9.18 

S 

h 

49.75 

73.26 

90.57 

62.48 

^0 

43.24 

62.28 

70.73 

53.40 

(b) P x 

^1 

42.77 

66.55 

77.48 

51.93 

S 

^2 

48.11 

63.26 

79.00 

58.22 

GD a t 5?S t i^S « NS 

NS m Non-si3Qifleant 
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Sablt lOo. £resh weight of seeds ( ^ p l a n t ) as influenced 
lay d i f ferent l eve ls of nitrogen and phosphorus 
under d i f ferent spacings 

Sreatments 

Vo 
Vi 
Va 

K)^0 
K,P^ 

Hl*2 

Vo 
HjP, 

»2*2 

Mean 

SI 

51.40 

33.13 

41.46 

49.20 

47.40 

50.53 

49.13 

47.80 

52.33 

44.71 

h 

45.86 

47.46 

51.00 

64.46 

80.66 

67.06 

76.55 

71.53 

71.73 

64.03 

^ 

48.80 

59.26 

61.26 

74.46 

89.66 

76,46 

88.93 

83.53 

99.26 

75.74 

«4 

36.95 

37.13 

48.60 

57.20 

58.26 

65.06 

66.06 

60.40 

61.00 

54.51 

ILtes t 

Mean 

40.75 

44.25 

50.58 

61.33 

69.00 

64.78 

70.16 

65.81 

71.08 

CD a t 5^ 

Comparison for ^ y two main p lo t 
treatments 

)r anj 

Ocwperison for any two sub-plot 
treatments (spacings) 

Itor comparison of sub-treatments 
a t same level of main treatments 

For comparison of main treatments 
a t same level of/or di f ferent l e v e l s 
of sub-treatments 

* * 

* « 

NS 

NS 

14.15 

5.30 

• • Significant at 1^ probabi l i ty level 
NS m Nonp.significant 
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other spaoingB. The lowest fresh w e i ^ t of seeds was 

recorded In plants grown a t 3̂  spacing (44.71 g / p l a n t ) . 

There was a s ign i f i can t difference among four spacings 

(S t , Sg, 1^ and S^). 

In te rac t ion effeot of NS on fresh weight of seeds 

per plant differed s ign i f i can t ly . The maximum fresh weight 

of seeds was recorded i n plants receiving NgS^ l e r e l of 

treatmenta (90,57 fi/plant) whicdi was s ign i f i can t ly superior 

over a l l oliier t reatments . The lowest fresh weight of seeds 

was recorded in plants receiving HQS^ leve ls of treatments, 

(35.33 ^ p l a n t ) . 

Among the individual effeot of phosphorus, and intezu 

act ion ef fec ts of PS and NPS, none was found to d i f f e r signL-

f ioan t ly , 

4 .2 .3 Dry w e i ^ t of seeds per plant 

The data on dry weight of seeds (g /p lan t ) as influenced 

by d i f fe ren t l eve ls of nitrogen and phosphorus a t d i f ferent 

spacings and t h e i r in te rac t ions are presented in Tables 11a 

t o 11c and i l l u s t r a t e d in H g , 4 . 

I t i s evident frcan the t ab l e 11a tha t p lants receiving 

ni trogen a t Ng leve l recorded the maximum dry weight of seeds 

per plant (25,95g) which was s ign i f i can t ly superior over Ĥ  

and NQ l eve l s . The minimum diy weight of seeds was recorded 
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Table 11a. Dtry weight of seedg (^p lant ) as influenced by 
different leve ls of nitrogen and phosphortw 

Treatments lU lU; Mm Mean 

^0 

1̂ 

h 

13,45 

15.i1 

17.48 

20,13 

25.85 

21.21 

26,06 

25.98 

25.79 

19.87 

21.64 

21.50 

Ifean 15.34 21.72 25.95 

CD at 5?( I fi « 2.32 

P « NS 

Table lib. Interaction effect of (a) nitrogen z spacing 
and (b) jdiospliorus x spacing on dry weight of 
seeds v^plant) 

(a) S X S (b) P X S 

NQ K, Kg PQ P̂  ^2 

i | 12.64 17.40 19.44 15.97 16.44 17.06 

% 15.71 23.33 27.82 21.11 23.80 21.95 

$^ 18.80 27.17 31.68 24.13 26.64 26.88 

t^ 14.22 18.99 24.84 18.28 19.68 20.08 

CD at 59̂  I HxS « 2.67 CD e.t 5?̂  t EzS « N3 

HS n Non-significant 
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Table lie. Dry weight of seeds (implant) as Influenced ^ 
different levels of nitrogen and phosphorus 
under different spacings 

Treatments 

Vo 
^ 0 ^ 

^oh 

h^o 
1^2, 

^ * 2 

Vo 
^2*1 

ir^Pn 

% 

10,86 

11.75 

15.33 

16.93 

17.86 

17.40 

20.13 

19.73 

18.46 

S2 

14.46 

16.06 

16.60 

20.40 

27.80 

21.80 

28.46 

27.53 

27.46 

^ 

t 5 . ^ 
19.40 

21.20 

24.93 

29.60 

27.00 

31.66 

30.93 

32.46 

h 
12.60 

13.26 

16.80 

18.26 

20.06 

18.66 

24.00 

25.73 

24.80 

Mean 

13.43 

15.11 

17.48 

20.13 

23.83 

21.21 

26.06 

25.98 

25.80 

Mean 16.49 22,28 25.88 19.35 

Coiaparison for any two main p lo t 
treatments (NP) 

Comparison for any two su1>-plot 
t reatments (spacings) 

Por comparison of sub-treatments 
a t same level of main treatments 

Por comparison of main t rea tmoi ts 
a t same level of/or d i f ferent 
l eve l s of sub-treatments 

P- tes t CD at 5^ 

»# 

* * 

m 

HS 

4.02 

1.51 

** Significant a t 1?i probabi l i ty level 
NS m Nonp-signif l ean t 
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in p lants receiving NQ level of nltrogea,^ There was a 

s ign i f i can t difference between the three l eve l s of nitrogen 

(HQ, N^ and Hg). 

Bffeot of d i f ferent l eve l s of nu t r i en t s (NP) on diy 

weight of seeds was a lso s ign i f i can t ly d i f f e ren t . The 

maxlBUffl dry weight of seeds was recorded in plants receiving 

KgPQ leve l of nu t r ien ts (26•^06) which was closely followed 

hy iSIgJBi (25.98) , HjP^ (25.80) and 2l|E| (23.83) g per plant.i 

These In te rac t ions were found s igni f ican t ly superior over 

control which recorded the lowest dry w e i ^ t of seeds ('i3.43 

^ p l a n t ) . 

In case of p lants grown a t d i f fe ren t spacings, the 

trend observed in dry w e i ^ t of seeds was s imilar to tha t 

of frefifti weight of seeds per p l an t . The maximuiB dry w e i ^ t 

of seeds were produced by the plants grown a t SL spacing 

(25.88 ^ p l a n t ) , ' 

In case of in te rac t ion effect of HS, again tiie same 

trend as in case of fresh weight of seeds was follovi?ed here 

a l so . The maximum dry weight of seeds (31.68 g/plant) was 

recorded in plants receiving UgSj levels of treatments which 

was s i ^ i f i c a n t l y superior over a l l other t reatments . 

Individual effect of phosphorus, i n t e r ac t ion effects 

of PS and HPS were not significant,^ 
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4.2 ,4 Itpy weight of 1000 aeede 

The data on dry weight of 1000 seeds as influenced 

by dif ferent l eve l s of nitrogen and phosphorus a t d i f ferent 

spacings and t h e i r in te rac t ions are presented in Tables 12a 

to 12o, 

I t i s evident from the tables tha t individual efteit 

of ni trogen, phosphorustSpacing and in te rac t ion effects of 

NS and NPS differed s ign i f ican t ly for the dry weight of 1000 

seed0«^ 

Seeds harvested from the plants receiving H^ leve l 

of nitrogen recorded the maximum dry weight of 1000 seeds 

(6,65 gf. i ^ ieb was s ign i f i can t ly superior over N̂  and Hg 

levels of ni t rogen. The lowest dry weight of 1000 seeds was 

recorded from the p lants receiving NQ l eve l of nitrogen and 

there was also a s ign i f i can t difference among the three l eve l s 

of nitrogen (HQ, Uy and N2). 

Zn case of phosphorus, the seeds harvested from the 

p lan t s receiving P2 level recorded the maximum dry v;eight of 

loco seeds (6,57g) which was s ign i f i can t ly superior over PQ 

l e v e l , 

Effeot of d i f fe ren t l eve l s of nutrients(NP) with 

regard t o dry weight of 1000 seeds was found to d i f f e r 

s ign i f i can t ly , Olhe seeds harvested from the plants receiving 

K^PQ leve l of nu t r i en t s recorded the raaxlmum dry w e i ^ t of 
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Sable 12a* Dtry weight of 1000 fennel seeds (g) as influenced 
by different levels of nitrogen and i^iosfboruB 

Treatments 

'o 
Bl 

h 

Mean 

CD at 5^ 

NQ 

5,80 

5.41 

6,33 

5.84 

f If » 0.145 
P » 0.145 

h 

6.80 

6,02 

6.60 

6;4T 

«t 

6,62 

6.50 

6.78 

6.65 

Mean 

6.40 

5m' 
6.57 

Table 12b,' Interaction effect of (a) nitrogen x spacing and 
(b) phosphorus x spacing on diy weight of 1000 
fennel seeds(g). 

^ 

% 3.9i 

% 5.95 

% 5.80 

i | | 5.85 

CD at 5^ 1 NxS 

(a ) N X 

»r 

5.93 

6.40 

7.01 

6.47 

= 0,734 

S 

h 

6,40 

6.75 

e.^ 
6,65 

(b) 

'o 

5.93 

6.75 

6*25 

6.71 

P X 3 

«, t j 

5.85 6.06 

5.45 6,«8 

6;78 6.55 

5,80 6.80 

CD at 59̂  t PxS » NS 

NS SB Nott-signifleant 
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Table 12o, Hrj weight of lOOO fennel seeds (g) as infXuenoed 
by d i f ferent levels of ni t rogen and phosphorus 
under d i f fe ren t spaclngs 

Treatments 

Vo 
"ô  
\h 

"Ŝ o 
«i^i 

^h 

Vo 
HjE, 

"2*2 

Ueaa 

S| 

5.55 

5.40 

5.60 

6.10 

5.55 

6.15 

6.15 

6.60 

6.45 

5.95 

% 

6.10 

5.05 

6.70 

7.10 

5.10 

7.00 

7.05 

6.20 

6.95 

6.36 

«5 

5.50 

5.95 

6.00 

7.00 

7.30 

6.75 

6.25 

7.10 

6.90 

6.52 

S4 

6.10 

5.25 

7.05 

7.00 

6.15 

6.50 

7.05 

6.10 

6.85 

6.45 

fLtest 

Mean 

5.61 

5.41 

6.33 

6.80 

6.02 

6.60 

6.62 

6.50 

6.78 

CD a t 5^ 

Comparison for oay two main p lo t 
treatments (NP) 

Comparison for aiy two sub-plot 
treatments (spaclngs) 

Por comparison of sub-treatments 
a t same level of main treatments 

For ccmparlson of main treatments 
a t same level of/or d i f fe ren t 
l eve l s of sub-treatments 

» • 

## 

• • 

0.252 

0.150 

0.451 

0.469 

•* Significant at ^'^ probability level 
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seeds (6,80g) which was closely followed hy N2P2 (6,78g) 

and N2PQ (6,62g) and were significantly superior over 

control (5.81 g), 

Ihe dry weight of seeds in plants grown at different 

spacings also differed significantly, The highest dry weight 

of 1000 seeds was recorded frcxa the plants grown at iEĥ  spacing 

(6.52g) followed by Ŝ  (6,45g)and Sg. (6,36g) spacings and were 

significantly superior to Sj spacing wdaich recorded the lowest 

dry weight of 1000 seeds (5.95g). Seeds harvested from the 

plants grown at S* spacing were significantly superior over 

the plants grown at 3| and Sg spacings* 

Interaction effects of HS were significant for the 

dry weight of 1000 seeds. Seeds harvested from the plants 

receiving N^S» 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 significantly,' 

In plants grown at S) spacing and receiving Hg^ level of 

nutrients recorded the highest dry weight of seeds (6,60g) 

followed by N2P2 C6.45g) which was significantly superior 

over control (3.55g)* 

With regard to plants grown at SU spacing, the maximum 

dry weight of seeds was recorded in plants receiving 11̂  PQ 

level of nutrients (7,1Og) and was closely followed by N2P2 



It 

(6.9^ g) . Both the treatments were touxxd slgnifleantXy 

Buperlor over control (6,10g), 

Among the plants grown at SL spacing, the highest diy 

weight of 1000 seeds was recorded in plants receiving l̂ f.̂  

level of nutrients (7«3&g) which was also the hi i^est smong 

a l l the treatment conhinations (HPS) and i t was superior 

over control, which recorded the lowest dry we i^ t of 1000 

seeds 5.50g)* 

In case of plants grown at S* spacing the highest dry 

weight of 1000 seeds (7.05g) was recorded at NgP̂  and N P̂g 

level of nutrients which was closely followed hy KJPQ level 

(7.00g) Midiich were significantly superior over control 

(6.l0g). 

Interaction effects of PS did not differ significantly 

among themselves, 

4.2,5 Seed yield per hectare 

She data regarding seed yield (q/ha) as influenced 

hy different levels of nitrogen and phosphorus at different 

spacings and their interactions are presented in Tables 13a 

to 13c and i l lustrated in Pig,5. 

Effect of different levels of nitrogen found highly 

significant for seed yield. Application of nitrogen at Ug 

level recorded the highest seed yield C23,93g) which was 



72 

fable 13a. Seed yield (q/ha) as influenced by different 
levels of nitrogen and phosphorus 

^ 

Treatments NQ K^ H2 Mean 

^0 

1̂ 

^2 

12.45 

15.89 

16,30 

18.63 

21.80 
I-

19.55 

24.04 

24.01 

23.74 

18.38 

19.90 

19.86 

Mecn 14.21 19.99 23.93 

CD at 5^ I K B 2.26 

Table 13b. In te rac t ion effects of ( a ) nitrogen -x. spacing 
and (b) phosphorus x spacing on seed y ie ld 
(q/ha) 

(a) N X S (b) P X 3 

H© ^ H ^0 ^1 ^2 

S, 14.04 18.59 21.60 17.74 17.53 18.95 

82 13.08 18.51 23.17 17.58 18.90 18.28 

S5 13.92 20.86 23.46 17.87 20.46 19.91 

i^ 15.82 22.03 27.50 20.31 22.70 22.31 

OS a t 5^ I NzS « NS CD a t 5?̂  t PxS » NS 

HS « Non-significant 
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Tal)le 13o, Seed vield as influenced by different levels 
of nitrogen and fbosphorus under different 
spaoings 

(Seed yield ; q/ha) 

iHreatments 
% 

Mean 

»o*o 
*0*1 

V2 

^1*0 

St^1 

H,P2 

Vo 
HgP̂  

NgPg 

Mean 

Comparison 
treatment 

Comparison 
treatment 

12.07 

15.03 

17.03 

18.80 

17.64 

19.33 

22.36 

21.92 

20.51 

18.'07 

12.04 

13.38 

18.83 

16.99 

20.38 

18.15 

23.71 

22.93 

22.88 

18.'25 

11.70 

14.36 

15.69 

18.46 

24.12 

19.99 

23.45 

22.91 

24.04 

19.41 

13.99 

14.81 

18.66 

20.29 

25.06 

20.73 

26.66 

28.29 

27.55 

21.78 

12.45 

13.87 

16,30 

18.64 

21.80 

19.55 

24.04 

24.03 

23.74 

P-test CD at 5^ 

for any two main plot 
s (HP) • • 

for any two sub-plot 
IS (spaoings) • • 

3.92 

1.97 

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

For comparison of main treatments 
at same level of/or different 
levels of sub-treatments HS 

•• Significant at 1^ probability level 

NS s Non-significant 
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aignil leant over H. and HQ levels of nitrogen, OIhe lowest 

aeed ylelcl was recorded at NQ level and there was a sign!-

licant difference among the three levels of nitrogen. 

The different levels of nutrients (NP) affected the 

seed yield significantly. The maxLmim seed yield was recorded 

in the plants receiving NgpQ level of nutrients (24.04q) and 

It was closely followed by NgP^ level (24.03 q) which were 

significantly superior over control (12,45%) on per hectare 

basis, 

yie ld /ha 
3?he seed.^frcaa the plants grown at different spacings 

were also found significant. The maximum seed yield was 

recorded in the plants grown at Sj spacing (21,78q) which 

was significantly superior over a l l other spacings, Th» 

lowest seed yield was recorded from the plants grown at Ŝ  

spacing (18,07<1). 

However, the individual effect of phosphorus and 

interaqtion effects of NS, PS and NPS were found non­

significant, 

4.2,6 Essential 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 I4c. 
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lable t^a. Essential oil content (Ŝ  on dry weight "basla) 
in seeds as influenced by different levels of 
nitrogen and phos]Eiioru8 

Treatioents 

' o 
^ 

h 
Mean 

CD a t 5^ 1 

»0 

1.31 

1.43 

1.41 

1.38 

1 N a NS 

P » NS 

«t 

1.49 

1.49 

1.46 

1.4a 

" f 

1.48 

1.42 

1.33 

1.41 

ifean 

1.43 

1.45 

1.40 

Table 14b. Interaction effects of (a) nitrogen x spacing 
and (b) phosphorus x spaclngs on essential 
oil content (̂  on dxy weight basis) in seeds 

(a) 

h 

• l 1.52 

% 1.31 

% 1.48 

% 1 .« 

02) a t 3J(> t HxS 

N X 

h 

1.48 

1.46 

1.53 

1.43 

8 NS 

3 

Ng 

1.41 

1.31 

1.51 

1.41 

(b ) 

*0 

1.35 

1.33 

1.51 

1.51 

P X S 

^1 

1.41 

1.40 

1.56 

1.41 

^2 

1.45 

1.36 

1.45 

1.35 

GD a t 5?̂  t £3cS s NS 

NS s Noiwsignifioant 
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lable l4o«' Sssentlal oil content (9̂  on dzy weight basis) 
as Influenced by Afferent levels of nitrogen 
and phosphorus under different spaolnga 

Treatments Heaa 

^0^0 

Vi 
Va 

^ ^ 0 
H,?^ 

Ĥ Pg 

^2^0 

Vi 
V2 

1.15 

1.35 

1.46 

1.50 

1.45 

1.50 

1.40 

1.45 

1.40 

1.25 

1.40 

1.30 

1.40 

1.45 

1 3 5 

1.35 

1.35 

1.25 

1.40 

1.55 

1.50 

1.55 

1.«0 

i;^5 

1.60 

t.55 

1.40 

1.45 

1.45 

1.45 

1.50 

1.45 

1.35 

i;̂  

1.35 

1.30 

1.31 

1.43 

1.41 

1.49 

1.49 

1.46 

1.48 

1.42 

1.33 

Mean 1.40 1.36 1.5t iM 

Comparison for amr two main plot 
treatments (NP) 

Comparison for any two sub-plot 
treatments (spacings) 

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

Tor comparison of main treatments 
at same level of/or different 
levels of sub-treatments 

R-test 

N3 

HS 

HS 

CD at 5gt 

0.098 

• Significant at 5^ probability level 

NS s Non-significant 
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She essential oil content In seeds differed slgixl-

flcantly In respect of spaclngs only. The highest essential 

oil content was recorded in plants grown at S^ spaolngs 

(1.51?^) followed by S^ spacing (1,42^). Ihe essential oil 

content In seeds of plants grown at 3* spacing was signifi­

cantly superior over the seeds obtained fron the plants 

grown at 3y and Sg spacing, QIhe lowest essential oil 

content was recorded In seeds of plants grown at 82 spacing 

(1.36?^), Whereas, the effect of different levels of nitrogen, 

phosphorus and interaction effect of NP, NS, PS and NPS were 

all found non^slgnifleant, 

4.2,7 Essential oil yield 

The data on essential oil yield (kg/ha) as Influenced 

by different levels of nitrogen and phosphorus at different 

spaclngs and their interactions are presented in Tables l^a 

to 150 and Illustrated In fig.5. 

Individual effect of nitrogen at different levels 

significantly Influenced the essential oil yield. The 

maxlaun yield of oil was recorded at N2 level of nitrogen 

(35.28 kg> followed by K̂  level (32.08 kg) which was highly 

significant over N Q 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 ( k ^ a ) as Influenced by 
different levels of nitrogen and phosphorus 

Treatments 

'o 
h 
h 
Mean 

CD at 59̂  ( 

"o 

17.91 

20.20 

25.04 

20.38 

\ H « 6.45 
P s NS 

«l 

29.88 

35.27 

31.09 

32.08 

^̂ 2 

37.02 

35.23 

33.59 

35.28 

MeflA. 

28.27 

30.23 

29.23 

Sable 15b. Interaction effects of (a) nitrogen x spacing 
and (b) phosphorus x spacing on essential oil 
yield (k^/ha) 

s 
H 
h 
H 
CD 

^0 

19.10 

17.59 

21,90 

22.94 

(a) N 

h 

30.93 

30.74 

33.61 

33.04 

at 59̂  t NxS « NS 

X S 

»2 

32.54 

31.09 

37.47 

40.03 

(b) 

^0 

25.80 

24.73 

29.36 

33.19 

P z S 

1̂ 

27.41 

28.87 

32.75 

31.89 

CD at 5?i t PxS 

^2 

29.35 

25.81 

30.86 

30.92 

• NS 

HS m Non>slgnifioant 
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Sablt 15ev Essential oil yield (kg/ha) as influenced 1>y 
different levels of nitrogen and phosphorus 
under different spaoings 

Sreatment 

Vo 
^ 0 ^ 

*0^2 

^*o 
Hf^l 

^ ^ 2 

^2*0 

Vt 
^2^2 

UeazL 

Comparison f 
treatments 

S| 

15.11 

16.99 

25.21 

29.'91 

50,̂ 74 

52.12 

32.39 

34.50 

30.72 

27.52 

or any 
(NP) 

CcffliparisoB for any 
treatments (spacl 

^2 

15.53 

18.83 

17.38 

25.65 

36.58 

29.98 

32.01 

31.21 

30.06 

26.47 

% 

18.46 

23.11 

24.12 

31.11 

38.39 

31.33 

38.51 

36.'75 

37.15 

30.99 

two main plot 

two sulwplot 
.ngs) 

^4 

21.54 

21.86 

25.43 

32.86 

35.37 

30.91 

45.t9 

38.46 

36.44 

32.00 

B-test 

• « 

* 

He an 

17.91 

20,20 

23.04 

29.88 

35.27 

31.09 

37.02 

35.23 

33.59 

CD at 5^ 

11.162 

3.77 

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

Por comparison of main treatments 
at same level of/or different 
levels of sub-treatments HS 

• • Significant a t 1^ probability level 
NS m Noo-signif leant 
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was recoiled from the plants receiving TSi2PQ level of 

nutrients (57,02 kg) vwhich was olosely followed by N^P^ 

level (35.27 kg), Ihese were highly significant over 

the control, which recorded the lowest essential oil 

yield (17.9^ kg) per hectare, 

3?he essential oil yield in seeds of the plants 

grown at different spacings also differed significantly,' 

The highest oil yield was recovered from the seeds harvested 

from the plants grown at 3^ spacing (32.00 kg) followed by 

& spacing (30,99 kg) whic^ was significantly superior over 

the Sf and S, spacings. The lowest oil yield was obtained 

in the seeds harvested from the plants grown at S2 spacing 

(26.47 k ^ a ) . 

However, the individual effect of phosphorus and 

interaotion effects of NS, PS and STPS were found signifleant,! 

4,3 Plant analysis 

4,3,1 Nitrogen content in n^ole plant 

She data on nitrogen content in plant tissues (̂  on 

oven dry basis ) as influenced by different levels of 

nitrogen and phosphorus at different spacings and their 

interactions are presented in Tables 16a to 16c. 

It is evident frcm tbe tables that nitrogen content 

in plant tissue v/as highly significant among the different 

levels of nutrients, spacings and their interactions. 
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Table 16«. uritrc^en content in plant t issue (^ on oven 
dry w e i ^ t basis) as influenced by different 
levels of nitrogen and jhosphorus 

Treatments 

^0 

^ 

*2 

Mesa 

CD at 51^ 1 

^0 

2.204 

2.015 

2.192 

2.157 

I N » 0.017 
P « 0.017 

«l 

2.153 

2.271 

2.096 

2.175 

»2 

2.157 

2.170 

2.579 

2.502 

Mean 

2.1 Tt 

2.152 

2.289 

Table 16b.- Interaction effects of (a) nitrogen x spacing 
and (b) phosphoj?us x spacing on nitrogen 
content in plant tissue(on oven dry weight 
basis) 

SI 

% 

S5 

S4 

CD 

( 

h 

2.067 

2.187 

2.172 

2.123 

at 5% t NxS 

a) N x S 

* l ^2 

2.266 2.139 

2.171 2.310 

2.164 2.330 

2.091 2.430 

a 0.028 

(b) 

PQ 

2.053 

2.227 

2.203 

2.202 

CD at 5^ 

P X S 

»» 

2.108 

2.177 

2.182 

2.141 

t £XS m 

h 

2.311 

2.264 

2.281 

2.301 

0.028 
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Table 16c, Nitrogen content in plant t i s sue (^ on oven 
diy weight bas is ) as Influenced by dif ferent 
l eve ls of nitrogen and phosphorus under 
d i f ferent spaclngs 

Ireatments 

Vo 
Vi 
V2 

^ ^ 0 

Kt^l 

^h 

^2^0 

Vl 
»2^2 

Mean 

»• 

1.995 

1.988 

2.220 

2.170 

2.323 

2.305 

1.995 

2.015 

2.408 

2.157 

h 

2.375 

2.050 

2.135 

2.136 

2.345 

2.033 

2.170 

2.135 

2.625 

2.223 

Comparison for sDj two main p lo t 
treatments (NP) 

Comparison for 
treatments ( 

any two 
spaclngs] 

sub«pIot 

% 

2.175 

2,100 

2.240 

2.205 

2.170 

2.118 

2.30 

2.275 

2.485 

2.222 

«4 

2.275 

1.923 

2.175 

2.100 

2.245 

1.928 

2.234 

2.55 

2.800 

2.215 

Mean 

2.204 

2.015 

2.192 

2.153 

2.271 

2.096 

2.185 

2.170 

2.579 

l u t e e t CD at 5^ 

# « 

•* 

0.030 

0.016 

For comparison of sub-treatments a t 
same level of main treatments 

0.048 

POT comparison of main treatments a t 
same leve l of/or d i f ferent levels 
of sub-treatments • • 0.121 

*• Significant a t 1?i probabi l i ty level 



Nitrogen content was the highest (2.502?5) In plant 

t i s sues which received N2 level of ni trogen and was s i g n i ­

f i can t ly superior over N̂  and N^ l e v e l s . Ihe lowest nitrogen 

content was recorded in the plants receiving NQ leve l of 

nitrogen (2,157^). The three leve ls of nitrogen (NQ, N^ and 

N2) a l so differed s ign i f i can t ly among theioselves. 

In case of plants tha t received d i f fe ren t levels of 

phosphorus, the nitrogen content in plant t i s sue was h i ^ e s t 

a t P2 le'vel (2,289^) which v/as s igni f icant ly superior over 

£f and £Q l e v e l s . The lowest nitrogen content was recorded 

i n plants receiving P̂  level of phosphorus, 

Effect of d i f ferent levels of nu t r i en t s (NP) on 

nitrogen content in whole plant was found highly s ign i f i can t . 

The maximum nitrogen content was recorded in p lants receiving 

^2^2 ^^^^^ 0^ nu t r i en t s (2,579?^)» which was s ign i f i can t ly 

superior over a l l the other nu t r ien t l eve l s . The lowftst 

nitrogen content was recorded i n p lants tha t received NQP^ 

l eve l of nu t r i en t s (2,015?^). 

With regard t o effect of different spaoings on 

nitrogen content in p lant , the highest ni trogen content 

was recorded in plants grown a t ^ spacing (2,223?^) which 

was closely followed hy 3, spacing (2,222^) and Ŝ  spacing 

(2,215^). These were s ign i f ican t ly superior over Sj spacing 

which recorded the lowest ni trogen content (2,157?^). 
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In NS in te rac t ion , the highest nitrogen content was 

recorded in plants recei^dng N2SJ^ l eve ls of treatments 

(2,430^) ?*ich was s ign i f i can t ly superior over a l l the other 

treatment l eve l s . The lowest nitrogen content was recorded 

i n p lants receiving NQSJ l eve l of treatments (2.067^). 

i n case of PS in te rac t ion , the highest nitrogen 

content was recorded in plants receiving 1?2^ level of 

treatments (2,3119^) which was closely followed by P2S^ 

(2,30l?t) and Pgflj (2.281?i), OSaese were s ign i f ican t ly 

super ior over the other treatment l e v e l s , The lowest 

nitrogen content was recorded i n p lan ts t ha t received PQS| 

l eve l s of treatments (2,053?^) which differed s ign i f ican t ly 

with a l l the other treatment levels* 

^ o n g the NPS interacticaiis. i n S| spacing, the p lants 

receiving NpPo level of nu t r ien ts recorded the maximum 

(2.408?i) n i t rogen content followed by N P̂̂  (2.323^) and 

^^2 (2,305^) which were s ign i f ican t ly superior over the 

control (1.9959t)» 

Under Sg spacings the maximum nitrogen content was 

recorded in plants receiving N2P2 leve l of nu t r i en t s (2,625?^), 

which was s ign i f i can t ly superior over a l l other nu t r i en t 

levels* The lov/est nitrogen content (2.0339^) was recorded 

i n plaaits receiving N^P^ leve l of nu t r i en t s . 
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In S- spacing, the highest content of nitrogen (2,485^) 

was recorded In plants receiving N2P2 ^^"^^^ 0^ mi t r l en t s , and 

was s igni f icant ly superior over a l l other nut r ient l e v e l s , 

Xhe lowest ni trogen content (2,100^) was recorded i n p lants 

rece iv ing NQPI l eve l of n u t r i e n t s . 

With regard to S, spacing, the highest nitrogen content 

(2.800^) v^s recorded in p lants receiving N2P2 ^^^ of nu t r ien ts 

and was a lso the highest among a l l the NPS treatment l e v e l s 

and s ign i f i can t ly superior over the r e s t of nu t r ien t l e i e l s 

among S^ spacing, !I!he lowest nitrogen content (1,923?^) in 

p l a i t was recorded in the p lants receiving NQE| level of 

nutrients,^' 

4,5 ,2 Phosphorus content in plant t iaaua 

The data on phosphorus content (^ on oven dry weight 

bas is ) i n plant as influenced lay d i f ferent l eve l s of nitrogen 

ard phosphorus at d i f ferent spaclngs and t h e i r in te rac t ions 

are presented in Tables I7a to 17c. 

I t i s evident from the tables tha t nei ther the main 

effects of nitrogen, jphosphorus and spaclngs, nor the I n t e r ­

action effects of KPj^PS and HPS did not show any influence 

on fybosi^orus content i n p lant . Application of phosphorus 

a t d i f fe ren t levels fa i led to influence s igni f ican t ly the 

phosphorus content i n p lant tissue*^ 
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Table 17a. Hiospihorus contenrt in plant (% on oven dry weight 
basis) as influenced by different levels of 
nitrogen and phosphorua 

Treatments 

^0 

^1 

h 
Mea& 

CD a t 5?i 1 

\ 

0.184 

0.167 

0.148 

0.166 

1 N » H3 
P » NS 

h 

0.145 

0.139 

0.126 

0.156 

H 

0.148 

0,159 

0.174 

0.160 

Mean 

0.158 

0.155 

0.150 

Table 17b,' Interaction effects of (a) Nitrogen x Spacing 
and (b) Phosphorus x Spacing on phosphorus content 
in plant fijt on oven dry weight basis) 

«l 

h 
H 
h 

^0 

0.150 

0.187 

0.177 

0.153 

CD at 5i> 1 NxS 

(a) N 

»1 

0.130 

0.120 

0.138 

0.156 

m H3 

X S 

»2 

0.170 

0.160 

0.155 

0.156 

W Px 

^0 

0,152 

0,155 

0.168 

0.158 

OB at 5?i 1 

^1 

0.162 

0.153 

0.149 

0.156 

1 PxS s 

S 

^2 

0.13T/ 

0.159 

0.153 

0.150 

NS 

HS m Non.signifioant 
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Sal>le t7e. ihosphoruB content in plant (^ on oven dry weight 
basis) as influenced by different levels of 
nitrogen and phosphorus under different epaolngs 

!I?reatments S, 3 
• ^ 

3 Mean 

Vo 
W 
Va 

h^o 
K P̂̂  

hh 

N2P0 

Vi 
^2^2 

0,180 

0.148 

0.123 

0.155 

0.135 

0.120 

0,140 

0.203 

0.168 

0.208 

0.195 

0.158 

0.120 

0.110 

0.130 

0.138 

0.153 

0.190 

0.178 

0.158 

0.195 

0.160 

0,140 

0.113 

0.165 

0.150 

0.150 

0.173 

0.168 

0.118 

0.155 

0.170 

0.143 

0.148 

0.130 

0.190 

0.184 

0.167 

0.148 

0.143 

0.139 

0.126 

0.148 

0.159 

0.174 

Mean 0.150 0.156 0.156 0.155 

g-teet 0.1) a t 5^ 

Comparison for any two main p lo t 
t reatments (HP) 

Oomparison for any two auh-plot 
t reatments (spaoinga) 

Por oomparison of sul}->treatment8 
a t same level of main treatments 

Por comparison of main treatments 
a t same level otg^or d i f ferent 
l eve l s of flub-treatmente 

NS 

US 

NS 

NS 

NS =B Non-significant 



DISCUSSION 



Y DlSOUSSiai 

The results of the present investigation and their 

implication on the plant growth and yield parameters are 

discussed in this chapter. The significance ol 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 yield parameters 

such as weight of seeds per plant and its oil content, and 

the total seed and oil yield has been thoroughly investi­

gated by many workers such as Velappan (1977), Randhawa ^ 

eJL, (1978, 1981), Randhawa & Gill(1982); Paliwal aa3 Sin^ 

(1979) and Afridi et ̂ . (1983) in case of fennel and 

Boshart (1942), Duhan ̂  al. (1974), Afridi jet al. (1978), 

Singh et al, (1979) and Bains eit al, (1982) in other various 

essential oil yielding umbelliferous crops. In their studies 

they have highlighted the ]?ole of major nutrients especially 

nitrogen,and plant to plani> and row to row spacing in 

bringing about the desirable changes in both the grovrth 

and yield 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, yield and essential oil content in fennel 

5»1.t Growth parameters 

5.1.1.1 Plant heightt 

IHae plant height at 80th and 90th day after sowing 

and also at the time of harvest responded significantly to 
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altrogen application. In all the cases, N^ level (100 k^/ha) 

was able to increase the plant height greater than other 

levels (0 and 30 kg N/ha). Similar results have been obtaioaod 

by Randhawa et ^1. (1978) in case of fennel| Duhan et al, 

(1974) in case of Dill and Singh ̂  j^:. (1979) in coriander. 

Whereas the plant height did not differ slgniftcantly upto 

70 days after sowing which might be due to the fact that the 

assigned dose of nitrogen was split into two equal doaas, 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. AS 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 k ^ a ) 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 jl. (1975) in Anmi ma jus and Ghosh et al. 

(1985) in case of coriander. 

The plant height was also not affected by the 

different spacings, under vdaich plants were grown. Similar 

results were obtained by Randhawa and Gill (1982) in fennel 

and Ahmed et ̂ . (1983) in case of Ammi visnaga. 

However, the plant height was significantly affected 

by the application of different levels of nutrients (WP), 
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At the time of harvest, the maximum plant height was recorded 

at NgB, level {^QQ ^25 ^^^) followed by NgPg level (KJQQ 

PBQ kg/ha). 3Jhus proving the fact that Uie efficiency of N 

uptake was enhanced by the phosphorus application. Similar 

trends have been observed by Afridi jgt ̂ . (1978) and GNipta 

(1982) in case of Dill. 

Nona 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 N| level (50 kg/ha) on th« 

number of branches was found statistically significant over 

the NQ level. The nitrogen level beond 50 kg/ha failed to 

influence significantly the number of branches per plant, 

Bandhawa ̂  Ji.. (1978) and Kandhawa and Gill (1982) also 

reported the similar results in case of fennel. 

Among the phosfhorus levels, its application at ?£ 

level (50 kg/ha) produced the maximum number of branches 

which was significantly superior over PQ level. 

The plants grown at different spacings differed 

significantly among themselves. The maximum number of 

branches were produced by plants grown at £U spacing 

(45x30 cm), similar results were obtained by Randhawa et 

£1.(1984) in Ammi majus ana Pareek and Sethi (1985) in 
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oorianter. The lowest ramtier of branches were recorded in 

plants grown at SL spacing (6O7I5 ea) Indicating that closer 

plant to plant spacing reduced the branching, These results 

are also in confoisnity with the findings of Gupta (1982) and 

Randhawa et jl. (1984) in case of Mil and Anml ma.1ue. 

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 lime taken for first flowering 

Ihe time (days) taken for first flowering did not 

differ sigilficantly among Individual effects of nitrogen, 

phosphorus and their combinations, whereas the significant 

differences were observed in case of different spacings. In 

tlbe plants grown at 3* spacing (45x30 cm), first flowering 

was delayed which might be due to the adequate row to row 

and plant to plant spacing providing the better condition 

for growth and ultimately extending the vegetative phase. 

In the plants grown at Ŝ  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 

flowering. 
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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 P̂  SU level of 

treatnrents, where the plants grown at wider spacing of 

45z30 cm and appliedw with 25 kg of PgCfeAa. the vegetative 

growth phase was ]}onger îdien compared to the other treatments, 

Interaction effect of NPS was also found significant 

with regard to the time taken for first flowering,Snder all 

the four spacings, there was a delay in first flowering in 

the plants under control an} 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 gime taken for 50^ flowering 

Individual effect of nitrogen, phosphorus, spacing 

and interactions effect of NS, PS and NPS were found non­

significant in respect of the time taken for 50^ flowering, 

whereas, it differed significantly among different levels 

of nutrients (NP), In case of control (NQPQ), 50?̂  flowering 

was delayed significantly over other levels and the earliest 

50?̂  flowering was observed in plants receiving higher doses 

of nitrogen and phosphorus (N2P2). This might he due to 

the application of remaining half dose of nitrogen at the 

time of flower . initiation v/hich along v/ith 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 d i f fe ren t levels of 

ni t rogen, s igni f icant difference was observed in respect 

of t o t a l number of umbels per plant . The maximum number of 

umbels per plant was recorded a t Ng leve l (100 kg/ha), A 

s ign i f i can t increase in number of umbels was observed with 

each successive increase i n the level of nitrogen and t h i s 

could be a t t r ibuted t o the adequate a v a i l a b i l i t y of nitrogen 

a t c r i t i c a l period. The r e s u l t s are in l i n e with tha t of 

Abdullah ^ j i , (1978), Randhawa et a l . (198l> i n case of 

fennel aadd Singh et ^ , (1979) and Pareek and Sethi (1985) 

in coriander.^ 

The effect of phosphorus on t o t a l number of umbels 

per plant was found non-signif icant . These r e s u l t s are in 

confoCTiity with the findings of Randhav/a ^t aX.( l98l) in 

case of fennel, Balbsa e t a l . (1975) in Aniint ma.lus. and 

Qiosh £ t ^ , (1985) in coriander. 

Effect of d i f fe ren t leve ls of nut r ien t (UP) was a lso 

found s ign i f i can t . The maadmum number of umbels was recorded 

in p lants receiving the highest l eve ls of nitrogen and 

phosphorus (N2P2)t which was s iga i f ican t ly superior over the 

control . Similar r e s u l t s in fennel were obtained i n a four 

year t r i a l under the All India Coordinated Spices and Cashew 

nut Improvement Project a t Jagudan (Anon., 1983a), 



Different spacings Influenced the t o t a l number ol 

umbels per plant , The plants growth a t 3- spacing (45x30 

cm) recorded the maximum number of umbels, vsiilch was 

s ign i f i can t ly superior over a l l other spacings. Similar 

kind of r e s u l t s were reported by El-Gengaihl and Abdullali 

(1978) in fennel and Randhawa e t §3 .̂ (1984) in case of Aami 

madua^ whereas the minimum number of umbels per plant were 

recoiled in plants grown at Ŝ  spacing (60aJl5 cm). This 

may be due to the c loser plant to plant spacing which led 

t o the l esse r number of branches and ul t imately l e s s number 

of umbels per plant , The r e s u l t s are in l ine with tha t of 

<^^®^ Sl ^ (1985) i n case of Ammi majus, 

5 ,1,1,6 Size of umbel 

She maximum size of umbel was recorded in plants 

receiving Ng (100 kg/ha) and Pg (50 kg/ha) doses of nitrogen 

and phosphoirus. The interaction effect of NP was also 

significant. The maximum size of umbel was recorded in the 

plants receiving the highest dose (NgPg), It could be seen 

from the data that although the nitrogen and phosphorus 

affected the umbel size upto certain extent but higjier dosea 

of them did not have significant effect. 

The size of umbel v/aa also influenced significantly 

in plantsgrown at different spacings. The maximum size of 

umbel was recorded in plants grown at Sj spacing (45x30cm) 

which differed significantly with those of Sj (60x15 cm) 
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and S. iA5y20 om) spaclngs. Thus Indicat ing tha t the closer 

p l an t to plant spacing dose have Influence on the s i ze of 

the umbel r a the r than the row spacing, 

5 .1 .1 .7 llresh weight of plant 

Nitrogen and phosphorus appl ica t ion a t Ĥ  (50 kg/ha) 

and P̂  (25 kg/ha) l eve l s v/ere able to increase the fresh 

weight of plant s ign i f i can t ly . However, the dose higher than 

t h i s did not d i f fer among themselves s ign i f i can t ly . In te rac t ion 

effect of UP was a lso s ign i f ican t ly superior at K P̂̂  leve l 

whidt recorded the maximum fresh weight of plant . 

The plants grown a t S, spacing (4-5x30 cm) recorded 

the maximum fresh weight of plant which was s ign i f i can t ly 

superior over the plants grown a t Ŝ  (60x15 cm) and 3^(4^5x20 

om) spacings, whereas the plants grown a t Ŝ  spacing recorded 

the lowest fresh weight. Thus revealing the fact tha t narrow 

spacing between plants great ly affected the plant growth, 

while the wider spacing between rows fai led to have much 

effect e i the r on plant growth or on the fresh w e i ^ t of the 

p lan t s . 

The above r e s u l t s indica te tha t the optimum dose of 

f e r t i l i z e r coupled with proper row to row and plant t o plant 

spacing enhanced the luxurient p lant growth and produced the 

increased fresh weight of plant which i s proportional to 

produce more f r u i t y i e ld . 
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5 .1 .1 .8 Dry wel/^t of plant 

The ni trogen a t Ng leve l (100 kg/ha) recorded the 

highest dry weight of plant but i t was s ign i f ican t ly superior 

over the plant receiving R^ and N^ l e v e l s . (The dry weight 

of plant s teadi ly increased v/ith eadi increasing l eve l of 

ni t rogen, indicat ing t h a t there was a posi t ive cor re la t ion 

between the nitrogen leve ls and dry weight of plant , Ibrahim 

e t a l . (1984) observed the same kind of r e s u l t s i n case of 

Anunl vianaga. • 

Application of phosphorus a t d i f ferent l eve ls did 

not influence the dry weight of the plant . These r e s u l t s 

are in l i ne with the findings of Ibrahim et a l . (1984-) in 

case of Ammi visnaga. 

In terac t ions of nu t r i en t s (NP) were found s igni f icant 

for the dry weight of p lan t . Although the maximum dry weight 

was recorded in plants receiving higher doses of nu t r i en t s 

(^2^2) ^^^ *^* s igni f icant increase was observed in plants 

receiving Kf£| leve l (HCQ fgs ^ ^ a ) » which was also signi-> 

f ican t ly superior over the centred., 

WiUi regard t o different spacings, the trend in 

respect of dry weight per plant was s imi la r to tha t of fresh 

weight per pi^ant. 
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5.1.2 TleXd parametero 

5.1.2.1 Humber of fruits per uml>el 

The application of nitrogen at Hg level (100 kg/ha) 

a l thou^ recorded the maxLiouin numlser of frui ts per umlsel which 

was significantly superior over NQ level hut I t did not 

differ with Ĥ  level (50 kg/ha). This observation i s similar 

to that of Qtoah et ^ (1985) who observed the highest number 

of f rui ts per umbel when the plants were applied with 60 leg 

Like nitrogen, phosphorus also at Pg level (50 kg/ha) 

recorded the maximum number of f ru i t s per umbel although i t 

did not differ significantly with P̂  i«vel (25 kg/ha) but 

both were significantly superior over VQ level . 

Effect of different levels of nutrients (NP) was 

found to influence significantly. The NgPg level recorded 

the maximum number of f ru i t s per umbel although i t did not 

differ significantly with U^i^ level. Both these levels 

were significant over the oontrol, 

She resul ts obtained might be because of the active 

involvement of nutrients (KP) in enhancing the growth and 

development of reproductive parts in fennel. 

Although the maximum number of f rui ts per umbel was 

recorded in plants grown at S* (45x20cm) followed by 82(60x20 

cm) but they did not significantly differ with Sj (45x30 cm) 



apaolng. These spaclngs were s ign i f i can t ly superior over 

Ŝ  (603d5 cm) spacing which recorded the l e a s t numher oX 

f r u i t s per umhel, 

Xhe above r e s u l t s t e s t i f y tha t to get the maximum 

f ru i t fu l lness in umbels, appropriate r a t i o of spacing 

between plant t o plant and row to row i s most important 

fac tor and any var ia t ion in the proportion of t h i s r a t i o 

may effect the y ie ld , 

9 .1 .2 ,2 Eresh weight of seeds (umbelsV per p lant 

In nitrogen appl icat ion, the maximum fresh weight of 

seeds (umbels) per plant was recorded a t Ng level (100 k ^ h a ) 

although i t did not d i f fe r s ign i f ican t ly with ^ l eve l 

(30 kg/ha), Botii these l eve l s were found s igni f icant over 

con t ro l , whereas individual effect of phosphorus on freeii 

w e i ^ t of seeds was non^significant. Although the in te rac t ion 

effect of IIP was found s igni f icant only upto H P̂̂  l eve l ( ILQ 

Pgc kg/ha) of nu t r i en t s vidiich recorded the maximum fresh 

weight of seeds (except NgP/j and NgPg l e v e l s ) . 

P lants grown at £U spacing (45x30 cm) recorded the 

highest fresh weight of seeds which was s ign i f i can t ly superior 

over a l l other spacings. The lowest fresh weight of seeds 

was recorded in plants grown a t SL and S^ spacings, -̂vhich had 

the narrow plant to plant spacing of 15 and 20 cm, respectively, 

In te rac t ion effect in HS was a lso found to d i f f e r 

s ign i f i can t ly for fresh weight of seeds per p lant . The maximum 
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fresh w e i ^ t of seeds was recorded In plants receiving Ngi^ 

l eve l s of treatments which was s ign i f ican t ly superior over 

a l l other treatments among NS In te rac t ion , The lowest fresh 

weight of seeds was recorded in p lants receiving NQS| level 

of t reatments . 

The above r e s u l t s were found to have posi t ive cor re ­

l a t i on with that of p lant growth a t var ious treatments 

(alrea<iy d iscussed) . Plant growth a parameters l i k e plant 

he ight , number of branches, number and s ize of umbel were 

d i r e c t l y correlated with fresh weight of seeds per p lant , 

^ .1 .2 ,3 Iter weight of seeds per plant 

A gradual s igni f icant increase in the dry weight of 

seeds per p lant was observed with each increase in the level 

of ni t rogen. The maximum dry weight of seeds was recorded in 

p lants receiving Ng leve l (1000 kg/ha) of ni t rogen. 

With respect to the individual effect of phosphorus, 

spacings and in te rac t ion effects of KP and NS, the trend 

observed in case of dry weight of seeds was maintained in 

fresh weight of seeds per plant a l s o . The S, spacing (45330 

cm), H,P^ (N50 P25 k ^ a ) and Ng^ (N^QQ S ^ J ^ Q ^ ) levels 

of treatments of spacing NP and NS in t e rac t ions , respect ively 

proved to be s i g i i f i c a n t l y superior over the others , Vi/ltii 

regard to spacings, s imilar r e s u l t s were reported by Bandhawa 
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e t ^ , (1984) and Ahmed jgt a^. (1983) in case of Ammi Majua 

and .Ainmi ^isnaga, respect ive ly , 

5*1.2.4 3fey w e i ^ t of 1000 seeds 

ni t rogen appl icat ion at Ng l eve l (100 k ^ a ) and 

pihospliorus a t Pg l e v e l (50 kg/ha) recorded the maximum dry 

w e i ^ t of 1000 seeds, which were s ign i f i can t ly super ior 

o"ver the other l eve l s of nitrogen and phosphorus, respectively 

Gtoosh Jgt a l . (1985) obtained the s imi lar kind of r e s u l t s 

in case of coriander wi13i respect to ni trogen applicat ion 

and t h e i r in te rac t ion (WP) effects were also found s i gn i ­

f i can t . However, in the present study, the in t e rac t ion 

of H^PQ recorded t h e maximum dry weight of lOOO seeds 

followed hy NgPg level which was s ign i f i can t ly superior 

over con t ro l . 

In the p lants grown a t d i f fe ren t spacings, the maximum 

diy weight of 1000 seeds was recorded a t 3x (45x30 cm), which 

was s ign i f ican t ly superior over S| and Sg spacings, The Sj 

seeds recorded the lowest dry weight. The seeds produced at 

S« spacing was found healthy, hold and heavy, This might be 

because there was no overcrowding of plants or as well as 

of umbels a t & spacing, as in case of other spacings which 

occurred due to narrow plant to p lant spacing within the 

row. 
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In te rac t ion effect of NS ^SM a lso found s igni f icant with 

respect to dry weight of 1000 seeds. The maximum dry w e i ^ t 

was recorded i n the ^S-x level of treatments which was s i g n l f i -

oantly superior over a l l the other treatments In HS in t e rac t ion . 

Although the in t e r ac t ion effect of NPS was s ign i f i can t , 

the r e s u l t s among the four spaclngs with respect t o nu t r i en t 

(UP) l eve l s were not s imilar to each other and i t was highly 

f luc tuat ing and inconsis tent anS because of t h i s no general 

remark could be passed, 

5 .1 .2 ,5 Seed yield per hectarg 

Application of nitrogen a t different l eve ls on the seed 

yield was highly s ign i f i can t . The seed y ie ld increased s i g n i ­

f icant ly with each increasing level of ni t rogen. The naximum 

seed y ie ld was recorded from the plants receiving No level 

(loo kg/ha) of nitrogen which was highly s ign i f ican t over t o 

IŜ  and HQ l e v e l s . This shows that there i s a scope for going 

to s t i l l h igher leve ls of N to obtain higher y ie ld . Same typ« 

of r e s u l t s were obtained by Randliawa e t a l . (1981) in fennel 

and Bains jgt ^ , (1982) in ce lery . The r e s u l t s obtained are 

a lso in l i ne with the findings of Boshart (1942), Velappan 

(1977), R a n d h a w a ^ ^ , (1978) and Paliwal and Singh (1979) 

in case of fennel. 

Application of phosphorus a t d i f ferent levels fai led to 

influence the seed yield of fennel. Similar r e s u l t s have been 
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obtained in a fertilizer trial oonducted under the All 

India Coordinated Spices and Gashewnut Improvement Project 

at Jobner (Anon., 1980) in case of fennel and by Boahart 

(1942) in oaraw^. Bains ̂  jl. (1982) in ceiery; Sethi 

(1985) in Anise and Balbsa et al, (1975) in case of Ammi 

majvi8« whereas the results are in contrary to the findings 

of Randhawa &t 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 (UP) on 

seed yield was also found significant. The maximum seed 

yield was recorded at NgP^ followed by l^£| which were 

signific£intly superior over control C^Q^Q)* Similar kind 

of results have been obtained at Jagudan in a four year 

trial conducted under the All-India Coordinated Spices 

and Gashewnut Improveoient Project (Anon,, 1965a) and also 

by Bhatl jet ̂ . (1984) in fennel. 

Plants grown at different spacings recorded Hhe 

highly significant difference in their seed yields, Tht 

maximum seed yield was recorded in S^ (45x20 cm) which 

was significantly superior over all other spacings. The 

results corraborate the findings of Gupta (1982) in case 

of 3)111, Although the seed yield per plant was signifi­

cantly iore in & (45x30 cm), 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 spacinga,' 

Por fennel cultivation, a row spacing of 45 cm was 

found to be optimum. The results correspond to the findings 

of Telappan (1977) and Randhawa and GiXl (1982) in fennel 

and Randhawa j|t jl. (1984-) in case of Ammi maJus. 

Regarding plant to plant spacing within the row, 

the plants grew best whai planted 30 cm apart and the 

maximum seed yield per unit area was obtained from the 

plants at 20 cm distance. The results are in conformity 

with the findings of EL-Gengaihi and Abdullah (1978) in 

fennel and Ahmed ert ̂ , (1983) in case of Ammi visnaga. 

5.1.2,6 Essential oil content in seeds 

Application of nitrogen, phosphorus and their inteiv 

actions at varicHis levels did not have any influence on the 

essential oil content in seeds. The results are in conformity 

with the findings of Randhawa et al. (1978» 1981) and 

Randhawa and Gill (1982) in fennelt Boshart (1942) in carawayi 

Trivedi (1981), ladav and Gupta (1981), Sethi (1985) in case 

of Anise and Afridi et al, (1978) and Gupta (1982) in case 

of Dtll,̂  

However, the seeds harvested from the plants grown 

at different spacings, differed significantly with respect 
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to their essential oil content, !rhe highest essential oil 

content was recorded at S, (45360 cm) spacing, vstoere the 

plant grew hest, A positive correlation between plant growth 

and essential oil content In fruits was observed. Similar 

results have also been reported by El-Hamidi and iihmed (1966) 

in case of fennel and cumin, 

5.1.2.7 Essential oil yield per hectare 

Nitrogen application at H2 level recorded the maximum 

essential oil yield per hectare, although it did not differ 

significantly with K^ 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 

yield also differed significantly, jathough the highest oil 

yield was recorded from the plants receiving NgP^ Isvel, but 

the significant difference was observed at N^P^ Irvel (J^Q 

Pgc ke/ha) which was highly significant over control. 

Although there was no difference in essential oil 

content in seeds due to various nutrients level, to© 

essential oil yield per hectare rose steadily because of 

the Increase in seed yield per hectare due to application 

of fertilizers, The results are in conformity with the 

finding of Boshart (1942), Randhawa et jl. (1978), Paliwal 

and Singh (1979) and Bhati £t £l, (1984). 
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In plants grown a t d i f ferent spacings, the higjiest o i l 

y ie ld was recovered from the seeds harvested from the p lants 

grown a t S^ (45x20 cm) which was closely followed hy S,(45230 

cm). The o i l yield produced at S. spacing was s t a t i s t i c a l l y 

s ign i f i can t over the SL and S^ spaoings only. Alth(»igh the 

e s sen t i a l o i l content i n seed was s ign i f i can t ly superior at 

SK spacing, the o i l y ie ld in the treatment was increased due 

t o the increase i n seed yield a t S^ spacing. However, i t 

did not d i f fe r s ign i f ican t ly with that of S, spacings;' The 

r e s u l t s obtained are in l ines with the findings of El-Hamidl 

and Ahmed (1966), Velappan (1977), El-Gengaihi anfl Abdullah 

(1978) and Randhawa anJ Gill (1982). 

5.3 Plant analysie 

5.3»1 Nitrogen content 

Application of nitrogen induced changes in the t i s sue 

nitrogen content. As the quantum of N applied t o the plant 

increases , the corresponding t i s s u e N content was also 

increased s i ^ i f i c a n t i y . The highest t i s sue N content of 

2.30 per cent was recorded in the plants that received the 

highest nitrogen dose of 100 k ^ h a , revejaling the fact tha t 

the appl icat ion of higher dose of nitrogen increases the 

nitrogen uptake. Similar kind of r e s u l t s were obtained 

by Ibrahim e t a l . (1984) in case of Ammi visnaga. 
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In case of phosphorus appl ica t ion also s imi la r trend 

was ohserved* The t i s sue N content was highest a t fg ^ ^ ^ 

(50 kg/ha) of phosphozus. 

In t e rac t ion effect of HP v/as a lso found s ignif icant , 

She maximuzB t i s s u e N content was recorded a t the highest 

dose of nu t r ien t leve l (NgPg • K^QQ Pen kg/ha). 

I t was ohserved that appl ica t ion of phosphorus did 

have a pos i t ive effect on nitrogen uptake in case of fennel. 

The r e s u l t s obtained are in conformity with the findings of 

Ibrahim jet ^ , (1984) in Ammi visnaga. 

With respect t o spacings, plants grown at Sg spacing 

(60220 cm) recorded the highest t i s sue N content, which was 

closely followed by S^ spacing (433:30 cm), emphasizing the 

fact tha t the wider row to row and plant t o plant spacing 

enabled the p lants to draw more nitrogen frcm the s o i l . 

^ o n g the in t e r ac t ion e f fec t , NgS^ {^QQ % 5 X 2 0 cm^ 

and Pgfilj (PcQ ^SQJAB om^ treatment leve ls recorded the 

maximum t i s sue N content in case of HS and PS in t e r ac t ions , 

respec t ive ly . 

In case of NPS in t e rac t ion , i n general under a l l the 

four spacings, the maximum t i s sue N content was recorded a t 

higher dose of ruitriente (NgPg)* indica t ing tha t the ni trogen 
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uptake was positively correlated with -^at of the f e r t i -

Xlzers applied •> 

5•5.2 atosphoms content 

Ilssue phosphorus content did not differ s igni f i ­

cantly when ap|>Xled In different doses or with different 

levels of nitrogen under four different spaclngs. The 

resul ts revealed that ihe tissue phos^^orus content was not 

an Important a t t r ibute for increasing yle)j3 and I t s uptake 

could not be increased by the application of more phosphatic 

f e r t i l i z e r s . Since the available phosphorus content in 

the soi l was only 12 kg/ha, i t can be concluded that 

phosjiiorus has less role to play in growth, yield and 

essential o i l content in fennel. The results are in 

conformity with the findings of Boshart (1942), Randhawa 

^ j j l , (1981) in case of fennel, Balbsa et a^, (1975), 

Randhawa et aX. (1984) in Amml majus and Trlvedl (1981), 

Yadav and Gupta (1981) ard Sethi (1985) in case of iUiise 

(Plmplnelle anlsum). 



SUMMARY 



71 SOMMARI 

She field ezperiment ms conducted to investigate 

the effect of nitrogen, phosphorus and spacings on grovrtih, 

yield and essential oil content in FoeniculUM vulgare Mill, 

at the Horticultural Research Station, Gandhi Erishl Vlgnana 

Kendra, Bangalore, during the year 1984-85, The 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 plant height noticed in case of control plants 

was signifioanfcly lesser than that of ohserved in the 

nitrogen applied 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 height was recorded at NgP^ ^^oo ^25 

k ^ a ) level whidi was highly significant over control. 
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2, An Increase In the dose of nitrogen only upto 50 

k£/ha resulted In the significant Increase in the number 

of branches, whereas pfeosphorus at the highest dose (50 

k ^ a ) produced the maximum number of brandies. Plants 

grown at S« spacing (4-5x90 cm) produced the maximum number 

of branches per pi ant .̂  

3, In the plants grown at S» spacing (45x30 can) first 

flowering was delayed significantly whereas in the cast 

of plants grown at SL spacing (603d5 cm), the first 

flowering was earliest,' 

Interaotlon effect of PS differed significantly 

with respect to first flowering, Ihe first flowering 

was delayed In plants receiving P̂  £U (Pge icg/ha' ^^ 

S^c^Q Qnj) level of treatments. The interaction effect 

of S23 was also found signifiesnt with regard to the time 

taken for first flowering. In general, it can be summari­

zed that under all the four spacings, there was a delay in 

first 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 phos|dioru8 

(Nloo 5̂0 wy^^i 
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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 increase in the level of aitrogen. The 

maximum number of umbels were recorded at Nn ler?el (100 

kg/ha) • 

Although phosphorus 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 (K^QQ-PBQ 

kg/ha) and control recorded the lowest number of umbels.' 

Again in the plants grown at SU spacing (45x30 cm), 

the maximum number of umbels was recorded and it was signi­

ficantly superior over all other spacings,* 

$^ Size of the umbel responded significantly only upto 

Nf (URQ kgs/ha) and P̂  (25 kg/ha) levels of nitrogen and 

phosphorus, respectively, ©le coabination of NP also 

influenced significantly on the umbel size but only upto 

U^B^ level. 

In the plants grown at S, spacing (45330 cm) the 

maximum umbel size was recorded, 

7, !Ihe nitrogen fertilization had an appreciable effect 

in increasing the fresh weight of plants at all the three 
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doses tried, but at N. level (50 k ^ a ) , the difference 

olsserved was significant. 

Like nitrogen, phosphorus also at P̂  level (25 k̂ 'Hiia) 

produced the significant Increase In fresh weight of plant.' 

and the Interaction effect of NP also Influenced the fresh 

weight of the plant at K^P^ level. 

Again in the plants grown at £U spacing (453^0 cm), 

the maxlnium fresh weight of plant was recorded. 

ar;< 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 mitritblon was ineffective in 

bringing about aiy significant increase in the dry weight of 

plant. 

Like fresh weight of plant, the dry weight of plant 

also Increased significantly only upto N̂ P-j level' of 

fertilizers. 

In case of plants grown at S. spacing (45x50 cm), 

dry weight of plant was highest ccanpared to other spacings. 

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 Ky (50 k^/ha) and 

P<l {25 kg/ha) levels, respectively. Combination of nitrogen 

and phosphorus were also found to be significant but only 

upto K|P^ level. 
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!Dhe plants grown a t S^ spacing (45 x 20 can) recorded 

the maximum number of f r u i t s per umbel which was closely 

followed by & spacing (45x30 cm), 

10, Nitrogen appl icat ion ^t each increased leve l increased 

the fresh w e i ^ t of seeds (umbel) per plant but the s ignif icant 

difference was observed only a t N̂  level (50 k ^ a ) , vitoereaa 

phosphorus appl ica t ion at d i f ferent levels fa i led to influence 

the fresh weight of seeds per p lant , a l t h o u ^ the in te rac t ion 

effect of NP was s igni f icant at N̂ P<. leve l (ISLQ P25 ^ ^ a ) . 

In case of p lants grown at 3, spacing (45x30 cm), tha 

fresh weight of seeds per plant was maximum and s ign i f ican t ly 

superior over a l l other spacing*. 

Ihe in te rac t ion effect of NS a t NgSi N 100 kg/ha and 

3 45x30 cm) leve ls of treatment was s ign i f i can t ly superior 

over a l l other treatments,-

11,* In case of dry weight of seeds per plant , nitrogen a t 

the highest dose (IOO kg/ha) produced the s ign i f i can t increase 

over other levels,^ 

Like in the fresh weight of seeds per p lant , here a l so , 

phosphorus a t d i f ferent l eve l s did not have any effect,^ 

With respect to the individual effect of jdiosphorus, 

spacings and in te rac t ion effect of NP and NS, the trend 

observed for dry weight of seed per plant was s imi lar to 

tha t observed for fresh weight of seeds per plant," 
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12. Nitrogen and phosphorus at higjiest doses produced 

the maxlaium dry weight of 1000 seeds. Althou^ their 

combination effects were found significant, it failed to 

bring about coherent and consistent trend. 

Again it was S, spacing (45330 cm) vhich recorded 

the maximum dry v;eight of 1000 seeds. 

Among the interaction effects of NS on dry weight 

of 1000 seeds, the maximum weight was recorded at N̂  & 

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 witii 

respect to nutrients (fif) levels were not similar to each 

ol^er. 

15. The seed yield per hectare was significantly influenced 

by the levels of nitrogoi and it was highest at Ng level 

(100 k^/ha) but the application of phosphorus at any level 

failed to influence the seed yield, although their combi­

nations at NgP^ level (N^QQ P25 l<gAa) produced the maximum 

seed yield (except NJPQ level),< 

Plants grown at S* spacing (45x20 cm) produced t ̂  

maximum seed yield per hectare which was significant' 

superior over all other spacings,̂  
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l̂."* Nitrogen and phosphorus fertilization at various 

levels did not have any influence on essential oil content 

in seeds but in case of the seeds harvested from the plants 

grown at S^ spacing (45^0 cm), essential oil content waJB 

found to be more when compared to other spacingar.̂  

15. Nitrogen application upto N̂  level (50 kg/ha) brought 

the significant increase in essential oil yield per hectare, 

vyhereas phosphorus fertilization did not have aoQr effect on 

oil yield, although the combination effect of NP was found 

signifleant at N^P^ level (N^Q Pgj kg/ha). 

Oil yield per hectare was maximum in case of seeds 

hairvested from the plants grown at S^ spacing (45x20 cm) 

which was closely followed by 3z spacing. 

16, \»ilth each application of increasing leiel of nitro­

genous fertilizer, there was a significant increase in tissue 

N content, like nitrogen, phosphorus application also at it« 

highest dose (50 ki^a) significantly increased the tissue N 

content and their oombination effect was also found signifi­

cant at N2P2 level.' 

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

maximum tissue N content was recorded.' 

Among the interaction effect of NS and PS, the 

treatments levels H2S4 {^QQ J^^^ and S ^ ^ ^ Q ^ ) a 
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^^50 k ^ a ®̂ ^ %03d5 om̂  recorded the maxlinum tissue N 

content, respectiveiy,< 

Interaction effect of HPS also differed significantly 

with respect to t issue N content and I t was observed that 

under a l l the four spacings the maxiinum tissue »N* content 

was recorded at the highest dose of f e r t i l i z e r {^QQ PCQ 

kfi/ha). 

17* None of the treatment levels and the i r oomhinations 

tried in th is study was found to influence significantly 

the phosphorus content in the plants*' 
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APPMDIX II 

Mechanical and chemical analysis of the composite sample 
taken from the experimental site (0-50 cm) 

X Physical characterlstloa 

Mechanical analysis 

Coarse sand {%) •• 39«^ 

Pine sand {^) «, 54.25 

Silt (?i) w» 7.25 

Olay (̂ ) ., 19.50 

II ihyslco-chemical propertiee 

Soli reaction (pH) «. 5.5 

Electrical conductivity (EC) 
(mmhos/cm) ,. 0.2 

III Chemical properties 

Organic carbon (^) , , 0.38 

Available Nitrogen ( k ^ a ) t . 225.25 

Available Phosphorus (kg/ha) . , 12,00 

Available Potassium 'uafL^ \ • . 126,00 'K^fkc) • • 
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