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ABSTRACT 

EFFECT OF NITROGEN, PHOSPHORUS LEVELS AND PLANT 

DENSITIES ON THE GROWTH, YIELD AND QUALITY 

OF IRRIGATED SAFFLO¥ER 

By-

Anil T. Powar 

A candidate for the degree 

of 

MASTER OF SCIENCE ( AGRICULTURE ) 

( AGRONOMY ) 

Mahatma Phule Agricultural University, 

Rahuri - 413 722 

Research Guide : Prof. V.S»Mane 

Department : Agronomy 

The inves t i ga t i on on the "Effect of Nitrogen, Phos­

phorus leve ls and Plant Densit ies on the Growth, Yield and 

Quality of I r r i g a t e d Safflower" va r i e ty Bhima was conducted 

during the r ab i season of 1985-86 a t the Agr icul tura l Colle­

ge Farm, Pune. The experiment #as l a id out i n f a c t o r i a l 

randomised block designwith three r e p l i c a t i o n s . There were 

four f e r t i l i z e r levels v i z . , 25 kg M + 12.5 kg ?205/ha, 50 

kg N + 25 kg ? 2 0 5 /ha , 75 kg N + 37.5 kg ?205 /ha and 100 kg 

N + 50 kg P205/ha and four p lan t aens i t i e s v i z . , 2,25 lakh 
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plants /ha (45 x 10 a ) , 1*50 lakh plants /ha (45 x 15 cm), 

1,00 lakh p lants /ha (45*22.5 cm) and 0.75 lakh plants /ha 

(45 x 30 cm). 

The appl ica t ion of 100 kg N + 50 kg P20^/na showed 

benef ic ia l improvement i n important growth a t t r i b u t e s y l z . t 

plant he ight , spread, number of main and sub-branches and 

dry matter accumulation/plant. The appl ica t ion of 75 k$ 

N + 37.5 kg P205/ha and 100 kg N + 50 kg P205/ha increased 

number of capsules s ign i f i can t ly over 25 kg N + 12.5 kg 

P205/ha and 50 kg N • 25 kg Pgp^/ha a t harves t . The bene­

f i c i a l increase in number of grains and i t s weight /p lant 

and 1000 gra in weight was recorded with increased l eve l s 

of f e r t i l i z e r s . 

The app l ica t ion of 75 kg N + 37.5 kg P ^ ^ / h a and 100 

kg N + 50 kg P20cj/ha were on par but increased gra in and 

bhusa yie ld s i gn i f i c an t l y over 25 kg N + 12.5 kg P20tj/ha and 

50 kg N + 25 kg ? 2 o y h a . The maximum addi t iona l net re tu rns 

of fe.2466/ha with benef i t cost r a t i o of 5.57 were obtained 

due to app l ica t ion of 75 kg N + 37.5 kg P ^ ^ / h a . I t i s , 

therefore , adv is ib le t o f e r t i l i z e i r r i g a t e d saff lo^er with 

75 kg N + 37.5 kg P 20 5 /ha . 

The ni t rogen and phosphorus content i n gra in and 

bnusa and uptake of tnese nu t r i en t s increased progressively 

with increased l e v e l s of f e r t i l i z e r s . The o i l content in 

gra in was decreased whereas protein content was increased 

with increased leve l s of f e r t i l i z e r s . 
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The increased plant densities produced greater plant 

height, whereas, plant spread and number of main and sub-

branches and dry matter acciuaulation were increased with 

decreased plant densities. The number of capsules, number 

of grains and its weight/plant and 1000 grain weight showed 

beneficial improvement with decreased levels of plant 

densities. 

The grain and bhusa yields were significantly increas­

ed with increased levels of plant densities. Therefore, 

the plant density of 2.25 lakh plants/ha would be considered 

optimum for irrigated safflower. 

The nitrogen and phosphorus content in grain and 

bhusa and uptake of these nutrients and total uptake was 

increased progressively with increased levels of plant 

densities. The oil ana protein content in grain were 

declined slightly with decreased levels of plant densities. 

Pages. 



 
 
 
 
 
 
 
 

 



1 . INTRODUCTION 



1. INTRODUCTION 

Saf flower (Carthamus tine tori us ia,) is an important 

rabi oil seed crop not only in India but also all over the 

world. In India, it is grown in the btates of Maharashtra, 

Gujrat, Madhya Pradesh and Karnataka. 

In India, the total area under this crop is 7,60,000 

hectares and annual production is 4,23,000 tonnes with the 

average productivity of 557 kg per hectare. Maharasntra 

stands first in area and production amongst the different 

States in India. The crop is grown in scarcity and assured 

rainfall zone comprising the districts of Aurangabad, Ahmed-

nagar, Solapur, Osmanabad, Pune, Nanded, Parbhani and Jaina. 

Safflower has been recognised as a crop of economic 

importance. The importance of safflower oil lies in its low 

content of polyun-saturated fatty acid and is, tnerefore, 

considered more suitable for human consumption, particularly 

for heart patients. Safflower is grown mainly for its oil 

which is highly regarded as a cooking medium. It is used in 

paints, varnishes, due to its quick drying property. It is 

used as a dye and also used for culinary and illuminating 

purpose and m making soap. A geletinous 'Rougnon' is used 

in glass, cement and can be substituted for plaster of Paris 

for fu<ing cxles and stones for decoration. It is also used 

for the manufacturing of water proof clothes. After tne seed 

is crusned ior oil, tne meal makes an excellent protein 



? 

Concentrate feed for livestock. Besides these uses, safflower 

caKe is utilised as an organic manure. 

Tne consumption of oil in India per capita per annum is 

very little i.e. only ? kg; es compared to the 25 kg per 

capita per annum in tne foreign countries. As per recommen­

dations of scientiiic council oi India* our need is 11 kg 

per capita per annum. From this, it is clear that our 

consumption is less thpn that of other countries because of 

comparatively lov production of edible oil and its high 

prices. 

Saiflower does bes t in dry climate but i t s yield could 

be enhanced under i r r i g a t e d condi t ions . 

The cu l t iva t ion of safflower in Maharashtra i s confined 

to be taken BS a mixed crop in .jowar and wheat, under rainfed 

condi t ions. I t i s often used as a pro tec t ive crop around the 

boraer oi tne mam crop, bafflower i s xerophytic plant and 

i s very hardy. The roots go deep into the so i l up to 120-133 

cm and make b e t t e r u t i l i z a t i o n of the nu t r i en t end moisture 

from tiie deeper so i l l a y e r s . 

Safflower being a drought r e s i s t a n t crop and t o l e r a t e 

the adverse c l imat ic condit ions and due to a present o i l 

shortage, i t has b e t t e r chances to grow a s an important 

oilseed crop in Maharashtra, However, the average yield of 
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spillover in Niaharashtre is very low (557 kg/ha). Probable 

reasons for the low yield of safflower are the lack of high 

yielding varieties, utilisation of most neglected soils, 

poor agronomic management, lack of fertilizer use, lack of 

irrigation facilities and plant protection measures. 

Vvitn tiae introduction of major, medium and minor 

irrigation projects snd expansion of existing projects, 

there is tremendous scope for introduction of safflower es 

dry-cum wet crop. However, it is observed that the research 

information on irrigated safflower is limited. Therefore, 

it is felt necessary to suggest suitable agronomic management 

practices for boosting the yield of irrigated safflower. 

It is an established fact that safflower responds well to 

fertilizer application under optimum soil moisture conditions 

pnd, if adjusted properly with irrigation at critical growth 

stages. Limited information available has indicatod that 

irrigation water increased the yield of safflower more in 

presence ol nitrogen than its absence (Jones and Tucker, 196b;. 

The response of safflower to nitrogen application depends 

upon moisture supply, bingh and Yusuf U981) reported that 

under restricated moisture supply the higher dose of nitrogen 

was not effective but when combined with an adequate supply 

the yield was increased substantially. 

The present practice being however, that farmers does 

not apply any kind of fertilizers for safflower and hence 
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the yield l e v e l s ere low. Therefore, i t becomes e s sen t i a l 

t h a t a su i table f e r t i l i z e r dose i s worked out to maximise 

the production of t h i s important oilseed crop. 

The y ie ld of a crop i s la rge ly a function of two 

important f ac to r s v i z . , p lant density per un i t area and the 

y ie ld per p l a n t . Khuspe and Sao;}! U966) reported t h a t grain 

y ie ld ves the highest vhere rov spacing of 45 cm v a s maintain­

ed as compared to spacings of 30 and 60 cm. Monti l ls 11968) 

repoftea t h a t p lan t spacing under minimum i r r i g a t i o n had no 

effect on t o t a l plant y i e l d . However, under normal i r r i g a ­

t i o n , i t -was increased with increase in number oi p l a n t s . 

The findings of the e a r l i e r workers on optimum row 

spacing tha t plant d e n s i t i e s va r i e s according to the c l imat ic 

conditions and type of the so i l of the p a r t i c u l a r loca t ion . 

Information regarding the in t e r ac t ion e f fec t s of nitrogen 

and phosphate f e r t i l i s a t i o n and plant dens i ty on growth and 

y i e l a of safflower p a r t i c u l a r l y under i r r i g a t e d condit ions 

i s also l imi ted . Therefore, the present inves t iga t ion was 

conducted a t the Agricultural College Perm, *une, with the 

following objec t ives . 

U ; To find out the sui table ni t rogen and 

phosphorus leve l of f e r t i l i 2 e r s for 

safflower under i r r i ga t ed condi t ions . 



5 

(2) To find out suitable level of plant 

density ior safflover under irrigated 

conditions. 

O ) To study the interaction eflects between 

nitrogen and phosphorus fertilization and 

plant densities. 

\>4) To study the uptake of nutrients by 

safilover in relation to nitrogen and 

phosphorus fertilization and plant 

densities. 



 
 
 
 
 
 
 
 

 



2. REVIEW OF LITERATURE 



2. REVIEW OF LITERATURE 

2.1 Effect of nitrogen on the growth components 
of safflower.. 

Dhote and Ballal (1964) studied the effect of Ht P 

and K on growth components of saf flower in pot culture at 

Pune. They reported that though there was no significant 

variationin height of plant, number of flowers ana capsules 

per plant due to fertilizer treatment, the application of 

nitrogen increased number of branches per plant. 

Jones (1966) observed that the number of heads per 

plant and number of seeds per head in tertiary heads, and 

grain size in secondary heads were increased with the increa­

se in the doses of nitrogen. 

Gilbert and Tucker (1967) studied the effect of source, 

rate and time of application of nitrogen on irrigated safflo-

wer ana found that plant height was influenced significantly 

by the levels of nitrogen, but the differences due to source 

were not significant. 

Jones ana Tucker (l9od) saowea that- the nitrogen appli­

cation increased tne number of heads, nuuber of seeds per 

heaa in certiary ueads, seed weight in secondary neau and 

head weight in secondary and tertiary position. 

Sheeiavant^r (±J73) at Dharwar, reported that ary 

matter production and its distribution into plant parts 
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increased by ni t rogen appl ica t ion upto 40 kg/ha and reduced 

the rea f t e r . 

Girase _et jal. (1976) studied the response of safflower 

to f e r t i l i z e r app l ica t ion a t Jalgaon under rainfed condit ions 

and revealed tha t the plant height , number of primary and 

secondary branches per p lan t and spread of plant increased 

s i gn i f i c an t l y with t he increase i n the dose of ni trogen upto 

40 kg/ha. 

Mane (1976) reported benef ic ia l increase i n height due 

to n i t rogen app l i ca t ion . The other characters v i z , , spread, 

nuaiber of main brancnes and subbranches were increased s i g n i ­

f i can t ly rfilii each increase i n ni trogen dose upto 100 kg/ha 

during good seasonal condi t ions . The plant height of saf f l o ­

wer was s i g n i f i c a n t l y increased due to appl ica t ion of 150 kg 

H/ha (Nasar _et _al. 1973 ) . 

Bhan _et _al. (1930) reported that under rainfed condi­

t ions of Kanpur p l a n t heignt and number of branches per plant 

were s ign i f i can t ly increased bf n i t rogen appl ica t ion but 

delayed crop matur i ty . 

Gxrase e_t a l . (1930) revealed that thougn the p lant 

neiairc *?as not influenced si&niflean\Xy by nitrogen l eve l s 

the spread and number of primary brancnes were s ign i f i can t ly 

influenced by ni t rogen l e v e l s . Eweida _e_t _al. (1931) a t 

A'ubaria (kgypt) s tudied the influence of some n u t r i e n t 

elements on tne p lant charac ters , seed yield anu. 4ual i ty of 

safilower and concludes t ha t the p lant n e i ^ t <vas not 
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affected by c u l t i v a r or t race elements. The maximum plant 

height (111-112 cm) *as recorded witn 142 kg N/ha (60 kg N/ 

Feddan). 

Umrani jet a l . (1931) studied the response of safflower 

to appl ica t ion of ni trogen under rainfed condit ions a t 

Solapur and reported tha t the p lan t height sas s ign i f i can t ly 

increased at 25 kg N/ha i n one season, wmle i n next season* 

p l an t height was increased s ign i f i can t ly by 50 kg N/ha over 

c o n t r o l . As regards primary branches, appl ica t ion of 50 Kg 

N/iia showed b e t t e r performance. 

The e f fec t of spacing and f e r t i l i z e r app l ica t ion on 

the growth components of saff lower (N-62-8) was studied a t 

Dhule by Mane and Narkheae (1982jb)and they reported tha t the 

plant height was not influenced by ni trogea l e v e l s , but p lant 

spread di f fered s ign i f i can t ly by d i f f e r en t leve ls of nitrogen 

over con t ro l . They have further reported that the main and 

sub-branches per plant were s ign i f i can t ly influenced by the 

d i f f e ren t l eve l s of n i t rogen. 

Mulik (1984) reported t h a t appl icat ion of 25 kg N/ha 

increased plant height upto 90 days of crop growth a f t e r 

t h a t app l ica t ion of 7J kg N/ha produced ^a^iaium height of 

p l an t . After 105 days onwards, the appl icat ion of 50 kg ^/ha 

produced maximum spread of the plant . 1'hs number ol primary 

and secondary branches were maximum due to 75 kg N/ha. The 

maximum dry matter accumulation was due to app l ica t ion of 

75 kg N/ha. The appl ica t ion of mgher doses of ni t rogen 
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delayed the initiatxon of flowering and prolonged the 

maturity. In general, safflower plant responds well to 

nitrogen application from 25 kg to L^Q kg N/ha. 

2,2 Effect of nitrogen on yield contributing 
characters, grain and oil yield of safflower. 

Gilbert and Tucker (1967) studied the effect of source, 

rate and time of application of nitrogen on the yield of 

saf flower at Mesa, Arizon and found that the magnitude of 

nitrogen response increased for each additional dose of 50 

lb., however, this increased response was only upto 150 lb/ 

acre. Further increase occurred when it was applied in 

split dose, viz., half dose was applied at planting and 

half at the spring. 

Sheelavantar (1973) revealed that under rainfed condi­

tions, application of 40 kg N/ha recorded the nicest yield 

of 20.02 and 16.20 q/ha ana oil yield of 5.22 and 5.41 4/ha 

during 1971 and 1972, respectively. 

Tavora (1^73) ooserved thac applied W generally promo­

ted the seed production but reduced the oil content of seed 

from tertiary heads. 

The safflower crop was found to respond significantly 

to increase in levels of nitrogen at Jalgaon. The levels 

of nitrogen were 25, 50 and 75 kg N/ha (Anonymous, 1976). 

Mane (1976) showed tne beneficial effects of nitrogen 
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application on number of capsules per plant and 1000 grain 

weight, number of grains per capsule and grain weight per 

plant in both seasons. Maximum grain and straw yield were 

at 100 kg N/ha. The oil and protein content of grain was 

also found to increase with increase in the level of nitrogen 

upto 100 kg N/ha. 

Chaudhari (1977) observed that the application of 25 

kg N/ha increased the grain yield significantly over control. 

However, he further reported that the increase in nitrogen 

did not raise the yield significantly. 

Sounda et al. (1977) at Delhi reported that nitrogen 

application increased the number of heads per plant, the 

grain number per head and test weight; however, the magni­

tude of increment was higher between 0 to 60 kg N/ha than 

between 60 to 120 kg N/ha. 

Nasar et al. (1978) at Beirut (Lebamon) opined that 

nitrogen application at 75 kg N/ha was necessary for higher 

seed, oil and protein yield as compared to control; however, 

the further increase in the aose upto 150 kg N/ha or more 

gave no additional yield, but significantly increased the 

number of heads/plant. The seed weight and the number of 

seed per heaa were not affected. 

Arunachalam and Morachan (1979) at Soimbatore, revealed 

that there was no response to nitrogen application upto 40 

kg/ha which gave maximum seed yield of 11.60 q/ha. The 

next best level of N was 20 kg/ha (10.3 q/ha). 
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Singh and Singh (1980) studied the effect of graded 

levels of moisture regimes, N and P fertilization on seed 

yield at Kota, and reported that the seed yiela with the 

application of 120 kg N/ha was the highest and significantly 

more than 80 kg and 40 kg N/ha. However, the oil was signi­

ficantly affected by nitrogen levels recording the highest 

oil production to the tune of 5.69 kg/ha per day with 120 

kg N/ha. 

Umrani et al* (1981) at Solapur showed that a signifi­

cant change was noticed as regards the number of capsules 

due to nitrogen application. They further reported that the 

maximum response of 15.8 kg grain/kg N applied was noticed 

at 25 kg N/ha. However, there was significant increase in 

grain yield of safflower even at 75 kg N/ha under rainfed 

conditions. 

The number of capsules/plant, the test weight, the 

number of grains per capsule ana the grain weight/plant was 

favourably influenced by the nitrogen fertilizatioa at Dhule 

by Mane and Narkhede in 1982. They further reported that 

grain yield was found to increase with the increase in the 

level of nitrogen. The application of 100 kg N/ha increased 

the grain yield significantly over control. 

Sharma and Verma (1^82) observed significant increase 

in effective heads per p l a n t > number of seeds per head, seed 

yield per plant and test weight by increasing the levels of 

nitrogen. They further reported that the seed yield was 
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significantly influenced with nitrogen fertilization. 

Application of 60 kg N/ha resulted in the highest produc­

tion of grain as compared to other levels* 

Mulik (1984) observed that the application of 75 kg 

N/ha produced maximum number of capsules per plant, maximum 

number of grains per plant and higher test weight. Similar 

trend was observed in respect of the grain weight per plant. 

The grain and bhusa yield was significantly more (19«51 q/ha) 

with the application of 75 kg N/ha. There was increase in 

the protein content with the increase in the levels of 

nitrogen. 

2.3 Effect of phosphorus on growth components 
of safflower. 

Glrase jet al. (1976) studied the response of saf flower 

to phosphorus application unaer rainfed conditions at Jalgaon 

and reported that plant height was not influenced signifi­

cantly. 

The effect of spacing and fertilizer application on 

growth components of safflower was studied at Dhule by Mane 

and Narkhede (1982) and reported that phosphate fertilization 

did not show beneficial effect on the growth components of 

safflower. 
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2.4 Effect of phosphorus on yield contributing 
Characters, grain and oil yield of safflower, 

Werkhoven and Massantini (1967) reported that band 

placement of P was more efficient than broadcasting. It has 

been observed from a fertilizer experiment with N (0, 22.4 

kg/ha) and P 0 (0, 22.4 kg/ha) at Badnapur and Niphad 

(Anonymous, 1971) that phosphorus fertilization had no 

effect on increasing the yield and oil content of seed. 

Kamel and Mohamed (1973) studied the effect of different 

levels of N, P, K fertilization on the physical and bio­

chemical properties of saf flower oil and reported that the 

application of phosphorus increased the seed oil content. 

Girase et al. (1976) at Jalgaon reported that the 

number of capitula per plant and grain yield of saf flower 

was not influenced significantly by the levels of phospnorus 

probably because the applied phosphorus got fixed in black 

soils. Similar findings were reported at Akola by Chaudhari 

(1977). 

Singh and Singh (1980) at Kota (Rajasthan) reported 

that the application of phosphorus at 40 kg/ha produced 

significantly higher yield over 20 kg/ha and control. 

Mane and Narkhede (I932,k)at Dhule reported that there 

was no significant response on the yield components and 

grain yield due to phospnorus applicatioa. Sharma and Verma 

(1982) at Agra revealed that a dose of 43 kg p20cj/ha appear­

ed beneficial for the crop. The higher dose of 80 kg P20<-/ha 

declined yield. 
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2.5 Effect of nitrogen and phosphorus on the 
growth components of safflower. 

Dhote and Ballal (1964) at Pune reported that there 

was no significant variation in the height of plant and the 

number of flowers per plant due to fertilizers. It was, 

however, observed that the application of nitrogen increased 

substantially the branching per plant though it did not 

increase the number of flowers. 

Hoag et al. (1968> at Minot, North Dakota, studied the 

effect of N, P and K treatment combination and row spacing on 

yield, quality and physiological response and observed that 

the application of fertilizer has significantly advanced 

growth and increased the plait height. 

Raoianath e_t al. (1974) studied the response of ferti­

lizer under dryland conditions at Bellary (Karnataka) and 

reported that plant height did not differ significantly due 

to nitrogen and phosphorus fertilization. 

2.6 Effect of nitrogen and phosphorus on yield 
components, yield and oil contest of safflower, 

Dhote and Ballal (1964) studied the effects of N, P 

and K on the growth and composition of safflower at Pune 

and reported that there was no significant variation in 

capsules per plant and weight of capsules due to the 

fertilizers. 
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While studying the effect of N, P and K fertilizer 

and row spacing on yield and quality of saffiower, Hoag 

et al, (1968) observed that the application of fertilizers 

significantly increased the number of heads per plant, 

seed weight per plant and yield. 

Quilantan (1969) conducted four trials with Nf P and 

K on saffiower and observed that P and K increased the 

saffiower yield* 

The fertilizer trials on Ut P and K combinations were 

conducted on saffiower at Niphad and Badnapur (Maharashtra) 

on N-62-8 saffiower variety and found that nieither M, P, K 

nor their combinations had any effect on increasing the 

grain yield as well as the oil content of seed (Anonymous, 

1971). 

Kamel and Mohamed (1973) studied the effect of diff­

erent rates of xM, P, K combinations on the protein ana oil 

content of saffiower and concluded that the increase in the 

rates of nitrogen reduced the seed oil contencs whereas P 

ana K combinations increased it. The test weight was not 

affected by different rates of fertilizers. 

Raxnnath. et al. (±97**) at Bellary reported that the 

number of capsules per plant did not differ significantly 

due to different levels of nitrogen and phosphorus. They 

further reported that the application of 20 kg N # 20 kg 

PpOc/ha increased the yields of five saffiower cultivars 

from 341 kg/ha (control) to 362 kg/ha. 
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Rahman and Chakravarty (1978) reported t h a t the seed 

y ie ld of saf flower increased with the increase i n the a p p l i ­

cat ion of H, P, K f e r t i l i z e r s to maximum with 4^ kg N + 34 kg 
p 2°5 + - ^ ^ ^•2Q^ha* T n e highest o i l content was obtained by 

the appl ica t ion of 45 kg N + 45 kg P2O5+ 45 kg K20/ha. 

The response of saf flower to ni trogen and phosphorus 

was studied a t Annigeri by Vecranna and Channappa (1981) and 

they repor ted tha t the app l ica t ion of 45 kg each of N and P 

per hec ta re , with a common dose of 20 kg potash per hec tare 

would be idea l t o get economical y ie ld of saf flower under 

dryland condition* 

2,7 Effect of p lan t densi ty on the growth components 
of safflower. 

Gi lbe r t and Tucker (1967) observed a s t rong co - re l a t ion 

between y ie ld and nunber of heads per p lant . They also 

reported tha t t h e number of seed per head w<iS affected to 

a minor degree but s ign i f i can t differences in seed weight 

did not occur. 

Monti 11 a (1968) studied the d i f f e r e n t spacmgs and 

reported t h a t t h e plant height was affected by i n t e r - r o ^ 

and in t ra- row spacings. 

While studying the ni trogen leve ls and spacing i n 

i r r i g a t e d safflower, Kulandaiveiu et. a l . (1974) a t Coi^batore 

reported that plant height remained unaffected by d i f fe ren t 

spaclngs. They fur ther reported tha t the wiaer spacing 
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increased the number of branches but has not r e f l ec ted 

on the y i e l d . 

Wasar e t a l . (1978) a t Beirut , Lebanon, reported tha t 

the increas ing population r a t e s from 1,33,333 to 2,66,667 

and even a t 5,33,333 plants /ha increased t h e plant he igh t . 

S imi lar ly , the response of safflower v a r i e t i e s to plant 

d e n s i t i e s and nitrogen l eve ls was studied at Jalgaon by 

Girase tret al# (19S0) who reported that the p lan t height was 

s i gn i f i c an t l y affected by plant d e n s i t i e s over 55 and 9S 

thousand per h e c t a r e . The lower p lan t densi ty of 55,000 

p lan ts /ha recorded t h e highest spread, number of primary and 

secondary branches per p lan t ; however, these were reduced 

s i gn i f i c an t l y with increas ing p lant dens i ty . 

Mane amfe Narkhede (1982) reported t h a t by increasing 

the row to row and plant to plant spacings, the height , 

spread and the main and sub-branches/plant were increased 

favourably. 

Mulik (1984) s tudied tha t by maintaining population 

of 0.74 lakh p lan ts per hectare produced maximum number of 

primary (14.29) and secondary (22.77) branches which were 

subsequently reduced with increas ing the plant population. 

2.8 Effect of plant densi ty on y ie ld components, 
yield and o i l content of safflower. 

Brauns ( l 9 6 l ) a t Bi loela , reported tha t good yieJds 

of safflow-er can be obtained from 14-in (35 cm) row spacing 
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using 14~27 l b seed/acre (15.9 - 30.7 kg/ha) and from 21-in 

(5<£ cm) row spacing and using about 18 lb seed/acre (20,5 Kg/ 

ha)} however, 7- in and 2a~in (17.5 and 70 £m) spacing gave 

poor y i e l d . 

Beech and Norman (1966) studied on varying p lan t d e n s i ­

t i e s from 25,000 to 593,000 p lan t s /ac re (62,5000 to 14,82,500 

p lants /ha) a t Kunnunurra, West Austral ia and reported t h a t 

number of heads/plant decreased with increased p l an t dens i ty , 

while 100 seed weight and number of seeds/head had a Very 

l i t t l e effect* Primary heads gave the grea tes t number and 

weight of seed, while the t e r t i a r y heads had the highest o i l 

content . They observed tha t seed yield increased upto 

1,14,000 p lan t s /ac re then declined sharply with higher dens i ­

t i e s . 

Monti l la (1968) studied the Influence of in ter- row and 

in t ra - row spacing on yield and height of safflower. Safflower 

Gi l la was sown a t in ter- row spacing, of 40, 60 or 30 an and 

int ra-row spacing of 5, 10 or 15 cm. The highest yield of 

1450 kg seed/ha was obtained from the nigh est plant densi ty 

of 50,0000 p lan t s i . e . with 40 x 5 cm spacing. 

Hoag e_t jal . (1969) while studying the ef fect of f e r t i ­

l i z e r treatment and row spacing found that s ign i f i can t ly 

higher y i e lds of grain resul ted from the close (15 cm) and 

medium (53 cm) spacing than the wider (91 cm) ^pacing. 

Close spacing also resu l ted i n s igni f icant ly higher o i l 

content . 
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Mundel (1969) conducted a t r i a l wi th 30 x 7 .5 , 60 x 

7.51 45 x 30 and 75 x 30 cm spacings on safflower and recomm­

ended t h a t 45 cm spacing between rows may be the most useful 

for ralnfed condi t ions , Tiwari and Mandio (1972) found that 

45 x 5 cm spacing gave higher y ie ld (1,53 t /ha) than 45 x 10 

and 45 x 15 cm spacings . 

At Coimbatore, ni t rogen cum spacing experiment on 

i r r i g a t e d safflower was conducted fey Kulandaivelu et al» 

(1974) which obtained the highest seed yield with 60 x 15 

cm spacing (787 kg/ha) than 60 x 22.5 cm (753 kg/ha) and 

60 x 30 cm (632 kg /ha) . 

A t r i a l with four (30, 45, 60 and 75 cm) inter~row 

spacings and f ive (15, 22.5 , 30, 37.5 and 45 cm) in t ra - row 

spacings a t Jalgaon was conducted for 3 years on safflower 

C. N-62-8. I t was observed t h a t the yield differences due 

to i n t e r and i n t r a row spacings were s ign i f i can t during only 

one season of the t h r e e . Pooled r e s u l t s indicated t h a t the 

highest y ie ld was given by 75 cm spacing between row and 

that the di f ferences i n yield due to plant t o plant spacings 

were non-s igni f icant (Anonymous, 1975). Further they have 

observed s i g n i f i c a n t reduction i n yield with the reduction 

in p lan t population from 1,43,000 to 74,000 p lan t s /ha . 

El-Shamma et a l . (1975) a t Abus-Ghraib (Iraq) s tuaied the 

d i f f e ren t row spacings and found tha t the highest &rain 

yield and o i l content was obtained with a 50 cm row spacing 

than 30, 40 or 60 cm spacings. 



20 

Abel (1976) reported that number of seeds per head and 

seed weight were affected by larger plant population so the 

yields were practically equal in 2,58,328 and 4,30,547 plants/ 

ha with the single row and the two row plots, respectively 

atMesa, Ariz. An inter-row spacing of 22.5 cm produced the 

maximum yield of safflower sown on 15th October with 68 kg 

N/ha (Khan and Meman, 1976). 

Sounda jet al. (1977) at Delhi studied the levels of 

nitrogen and plant population and concluded that with increase 

in plant population, the nunber of heads/plant, grain number/ 

head and 1000 grain weight, decreased. However, significant 

decrease was only observed between 50,000 to 1,0.0,000 plants/ha 

While studying the N fertilization and population rate 

at Beirut, Lebanon, Nasar _et al. (1978) reported that increas­

ing the population rate from 1,33,333 to 2,66,667 (10 x 75, 

5 x 75, 10 x 37.5 and 5 x 37.5 cm) and even upto 5,33,333 

plants per hectare increased seed, oil and protein yield, 

however, the number of seeds/ he ad. were reduced and seed weight 

oil percentage were not affected. They further reported that 

37.5 cm row spacing gave better yields than 75 cm. Response 

to 5 en within row spacing as compared to the 10 cm was 

absent. 

Bhan e_t _al. (1980) at Kanpur reported that the wider 

rorf spacing of 60 cm exhioited better effect on the yield 

components, over the narrow spacang of 4p cm, in 1974-7;? 

but iound at par in 1975-76. 
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Girase e t a l . (1980) a t Ja4.gaon reported t h a t the 

population of 55,000 plants /ha recorded the highest number 

of capi tu la per plant and the same were reduced s i g n i f i ­

cantly with increased p lant dens i t ies* 

The t o t a l number of heads per p lan t , the number of 

grain per head and the gra in y ie ld per p l a n t increased s i g ­

n i f i can t ly with the increase i n row as well as plant spacings 

a t Agra, The highest grain y i e ld of 22.4 q/ha was obtained 

with 45 cm inter- row spacing and 29#0 q/ha with 10 cm i n t r a -

row spacing (Ahu^a, 1981). -

Singh and Yusuf (1931) a t Jodhpur reported t h a t the 

r a t e of increase i n y i e ld s of safflower was higher with the 

increase i n N l eve l s a t the narrower (20 cm) row spacing than 

a t the wider (60 cm) spacing. Kamel et a l . (1982) has studied 

d i f f e r e n t N l e v e l s , i n t e r and intra-row spacings and revealed 

that the highest seed and o i l y ie lds were obtained from the 

narrowest row and h i l l spacings with the highest nitrogen 

i e v e i s . 

iviane ana Narkheae (1982$) a t Dhule reported that the 

number of capsules /p lant , grain wei 0 nt /p lan t and the number 

of gra ins per capsule increased with the increase i n plant 

to plant spacings; however, the t e s t weight and grain y ie ld 

were adversely affected due to increase in p lan t to p lan t 

spacings. 
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2.9 Uptake of ni t rogen, phosphorus and potash 
by safflower 

Dhote ana Bal la l (1964) s tudiea the ef fect of d i f f ­

erent leve ls o£ dt P ana K. on composition and uptake of 

n u t r i e n t s by safflower i n pot cu l ture and reported tha t the 

appl ica t ion of N and P increased the nitrogen percentage i n 

seed but not i n stra*r. They fur ther reported t h a t the 

ni t rogen applied was b e t t e r u t i l i z e d i f i t was combined 

with phosphorus. The appl ica t ion of phosphorus, e i t h e r 

alone o r i n combination with ni trogen increased P content 

subs t an t i a l l y of seed. The potash d id not show any bene­

f i c i a l e f fec t . The placement of phospnorus ana ni t rogen had 

no effect on the t o t a l phosphorus concentration in the 

p lan t (Werkhoven and Massantini, 1967). 

Jones ana Tucker (1963) s ta ted tha t the t o t a l ni trogen 

xn the above ground p lan t portions increased with the 

increase in the l eve l s of nitrogen, doubling from the f i r s t 

bloom to matur i ty . Similearly, the uptake of JI, P and K 

a t harvest was s i gn i f i c an t l y affected by the "Moisture 

regimes, l e v e l s of nitrogeaand phosphorus ( oin^h and Singii, 

1980). 

Haby ejt j d . (1932) reported that increasing the r a t e s 

of N f e r t i l i z e r s i gn i f i c an t l y increased the N and K con­

cen t ra t ion but reduced P content in the straw; however, 

potassium f e r t i l i s e r had no effect on N, P and K content 

of safflower. 
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Mulik (1934) repor ted that the uptake of ni trogen 

by gra in increased vdth the increase in the leve ls of 

n i t rogen. The highest uptake of 52.91 kg/ha was observed 

with 75 kg N/ha highest l eve l t r i e d . 
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3. MATERIALS AND METHODS 

The present inves t iga t ion on safflower (Carthamus 

t i n c t o r i u s L.) was car r ied out t o find out a s u i t a b l e 

combination of f e r t i l i z e r l eve l and plant dens i ty . The 

f i e ld experiment was car r ied out dur ing rafai. 1985-66, 

The d e t a i l s of mater ia ls used and methods adopted dur ing 

the period of i nves t iga t ion are given in succeeding para­

graphs. 

3 .1 Mater ia ls 

3 .1 .1 Experimental s i t e 

The f i e l a experiment was la id out on p lo t No*642 of 

*F' Division of the Agr icul tura l College Farm, Pune-All 005, 

The experimental f i e l d was unifora in s o i l depth upto 90 cm 

and f a i r l y l eve l led for i r r i g a t i o n app l i ca t ion . 

3 .1.2 Soi l 

The s o i l samples upto 0-30 cm depth from 5 d i f fe ren t 

loca t ions of the experimental f i e l d were col lec ted before 

the s t a r t of experiment and a composite sample was prepared 

and analysed for physico-chemical proper t ies of t he s o i l . 

The data regarding physico-chemical proper t ies of 

experimental s o i l are present i n Table 1. 
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Table 1 ; Phys ico-chemica l composi t ion of t h e 
exper imenta l s o i l 

C o m p o s i t i o n 
S r . S o i l p r o p e r t i e s per c e n t 
No. 0 .30 cm 

Method used 

A) Physical properties 

1, Coarse sand 

2. Fine sand 

3. Silt 

4, Clay 

5» Organic matter 

6. Textural class 

7.54 

10.29 

10*55 

60.03 

1.26 

Cla/ey 

International pipette 
method (piper, 1966). 

B) Chemical properties 

1* Organic carbon 

2. Available 
nitrogen (kg/na) 

0.75 ¥alkaley and Black Rapid 
Filtration method 
(Piper, 1966), 

Modified KJeldahl's 
188.19 method (A.Q.A.C.,1965). 

3. Available PoOe. 
(kg/ha) "• 5 

Modified O l s e n ' s method 
21.98 (Olsen, 1954) . 

4 . A v a i l a b l e KP0 
(kg /ha) 

Flame photometer Method 
480.23 (Hanway and H e i d a l , 1 9 6 7 ) . 

5. pH soil : Water 
(1:2:5) 

Glass Electrode Method 
3.2 (Piper, 1966). 

6. Electrical con­
ductivity (mm hos/ 
cm) 

MPKV LIBRRR* 

T0189A 

I89tj 
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The chemical composition according to the criteria 

laid by Muhr et al. (1965), the experimental soil was low 

in available nitrogen, medium in available phosphorus and 

rich in available potash. The soil was slightly alkaline 

in reaction. The soil under experimental field was clayey 

in texture. 

3.1.3 Climatic condition and location : 

Agro-climatically Pune is situated in the sub-tropical 

region on the North latitude 18°-22» and 73°-51,» East lon­

gitude at an altitude of 559 meters above the mean sea level. 

The annual average precipitation is about 730 mm and is most­

ly received in 48 rainy days. It receives mostly from South­

west manson, commencing from about middle of June, Of the 

total annual precipitation, about 75 per cent precipitation 

is received during the period from June to September, while 

the remaining quantity is received mostly in months of Octo­

ber ana November* From the month of December onwards upto 

harvest of rabi ana summer crops, there are practically no 

rains. 

In order to get an idea about the climatic conditions 

prevailing during the period of present investigation i.e. 

from October, 1935 to March, 1986, the data on weather para­

meters were obtained from the Meteorological Observatory 

situated at the Agricultural College Farm, Pune-5. The 

relevant data are presented m Table 2. 
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Table 2 : Meteorological data during cropping period from 
last week of October, 1985 to 1st week of March, 
1986 at Agronomy Farm, Pune-5. 

Temperature °C Humidity Rain- No,of 
Month Week Morning Evening fall rainy 

No. Maximum Minimum 7-30 14-30 mm# days 

October 
1985 43 31.8 11.7 91 30 

November 
1935 44 30.9 10.7 QZ 24 

45 30.9 15.7 85 40 

46 29.9 10,8 87 26 

47 30.7 10.7 88 27 

48 29.5 11.2 90 41 

December 
1985 49 29.3 10,1 90 40 

50 30.1 14.2 89 47 

51 29.6 12.6 89 42 

52 32*0 10.5 38 34 

January 
1986 1 29.3 8.6 81 30 

2 28.9 12.3 39 39 

3 — 28.1 12.1 93 38 

4 30.5 12.7 88 31 

5 30.2 11.2 89 31 

February 
1986 6 31.3 12.4 86 30 

7 30.5 10.4 87 24 

9 33.2 14.9 69 22 

March'86 10 35.0 16.2 75 20 

110.4 
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The t o t a l r a i n f a l l of 110.4 mm dur ing t h r e e r a i n y 

days was r e c e i v e d du r ing l i f e pe r iod of c rop . The mean 

maximum and minimum tempera tu res recorded du r ing crop 

pe r iod were 35°C ana 8 . 6 ° c , r e s p e c t i v e l y . The mean r e l a t i v e 

humidi ty dur ing t h e c rop growth per iod ranged from 75 to 

93 and 20 t o 47 pe r cent du r ing morning and evening hour s , 

r e s p e c t i v e l y . Thus, t h e c l i m a t i c c o n d i t i o n s were favourab le 

for t h e saf f lower c r o p . 

3 . 1 . 4 Cropping h i s t o r y of t h e expe r imen ta l p l o t f o r 
t h e l a s t t h r e e y e a r s i s p re sen ted i n Table 3 . 

Taole 3 : Cropping h i s t o r y of the exper imenta l p l o t : 

F e r t i l i z e r s and manures 
Year Season Crop grown ( a p p l i e d (kg /ha)  

N P 2 0 5 K20 

1983-34 Khar i f Cot ton 100 50 50 

Rabi Wheat 100 50 50 

1984-85 Khar i f Cowpea 25 50 0 

Rabi Fal low - -

Summer Groundnut As per t r e a t m e n t s 
(exper iment) 

1935-86 Khari f Jowar 120 60 60 

Rabi P r e s e n t i n v e s t i g a t i o n 



29 

3 . 1 . 5 Saf f lower (Bhima) j 

The sa f f lower v a r i e t y Bhima ( s - 4 ) evolved a t t h e 

Dry Fanning Research S t a t i o n , Solapur was r e l e a s e d f o r 

g e n e r a l c u l t i v a t i o n d u r i n g 1982-83. I t i s drought r e s i s ­

t a n t , t h e r o o t s grow deep upto 120-135 cm and make b e t t e r 

u t i l i z a t i o n o f n u t r i e n t s and m o i s t u r e . I t matures i n 135-

140 d a y s . The o i l pe rcen tage i s 30-31 per c e n t . The y i e l d 

i s about 18-20 q / h a . I t i s recommended for Maharashtra 

and Karnataka under bo th r a i n f e d as we l l as i r r i g a t e d 

c o n d i t i o n s . 

3 . 2 Metnods : 

3 . 2 . 1 Exper imenta l D e t a i l s : 

The exper iment was l a i d out i n a f a c t o r i a l randomised 

b lock d e s i g n . There were four f e r t i l i z e r l e v e l s and four 

p l a n t d e n s i t i e s forming 16 t r e a t a e n t s coaiDinations whicn 

were r e p l i c a t e d t h r e e t i m e s . The d e t a i l s o f t r e a t m e n t s 

a long with symbols used a r e given i n Table 4 . 

Table 4 : D e t a i l s o f t r e a t m e n t s and symbols used 
i n t h e exper iment : 

Treatment d e t a i l s Symbols 

F e r t i l i z e r l e v e l s 

1 . 25 kg N + 12 .5 kg ? 2 0 5 / h a 

2 . 50 kg N + 25 kg P ^ / h a 

3 . 75 kg N + 37.5 kg P 2 0 5 / h a 

4 . 100 kg N + 50 kg P 2 0 5 / h a 

F l 
F 2 
F 3 
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S 

R l 

F?P 2 r 2 F 4 P 2 F4P3 F 3 P 2 F 3 P 3 F , P 2 F3P4 F iP . 1 r 4 

F ( P 1 r 3 F 2 P 4 F 4 P 1 F 2 P 3 F3P1 F 2 P , F 4 P 4 F i P « H 

i 

F3P2 F 2 P 1 F t P 2 F3P4 F 4 P t F 3 P 1 F 4 P 3 F 1 p 3 

R I 

1 ' 

F 4 P 2 F 2 P 4 F2P2 F 2P3 P4P4 F t P 4 F 1 P 1 P3P3 

45 M 

R I 

F 2 P 4 F4P3 F 4 P 2 F 2 p 1 F 1 P 4 F 3 P 2 F 1 P 3 F 3 P 4 

F 3 p 3 F 4 P 4 F i P 1 r 1 FoP 2 r 3 F 1 P 2 F 4 P 1 F 3 P 1 

48 M-

F 2 P 2 

— 6 3 0 — 

O 

Fert i l izer Levels Plant Densities 

F t = 2 5 K g N + 1 2 5 kg P 2 0 5 / h a ^~* P , |=2 2 5 l a k h p l a n t s / h a (45x10cm) 

F2 = 5 0 K g N + 25 kg P 2 0 5 / h a P 2 = 1 5 0 lakh p l a n t s / h a (45x15cm) 

F 3 = 7 5 K g N + 37-5kg P 2 0 5 / h a P 3 = 1 0 0 lakh plants / ha (45x22-5cn) 

F 4 = 100KgN + 50 kg P 2 0 5 / h a P 4 = 0 - 7 5 l a k h p l a n t s / h a ( 4 5 x 3 0 c m ) 

Design - Factor ia l R. B. D. 

Plot size - Gross - 6 3 0 x 5 4 0 M 2 , Net - 5 4 0 x 4 50 M 2 

Fig. 1 : Plan of layout . 
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Table 4 (contdO 

Treatment details Symbols 

Plant densities 

1. 2.25 lakh plants/ha (45x10 cm) ,. P 

2. 1.50 lakh plants/ha (45x15 cm) .. P~ 

3. 1.00 lakn plants/ha (45 x 22.5 cm) P, 
3 

4. 0.75 lakh plants/ha (45 x 30 cm) P4 

The other details of the experiment are as follows s 

(a) Total number of plots ... 48 

(b) Plot size : Gross - 6.30 x 5.40 M2 

Net - 5.40 x 4.50 M2 

(c) Method of sowing : Dibbling 

(d) Date of sowing : 31-10-1985. 

The plan of lay out of the experiment i s depicted 

i n F i g . l . The a l l oca t ion of treatments to the respec t ive 

p l o t was done a t random. 

3 .2 .2 F e r t i l i z e r appl ica t ion : 

Urea containing 46.00 per cent ni trogen and s ing le 

super phospfiate containang 16.0 per cent ?20^was appixea 

as per the t reatments , bei'ore sowing as a basal dose. 

3 .2 .3 Field opera t ions : 

The d e t a i l s of the various cu l tu ra l operations 
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carried out in the experimental plot during the rabi 

season of 1985-86 are presented in Table 5. 

Table 5 : Schedule of cultural operations and 
other operations: 

Sr.No. Name of the operation Date of operation 

A) Preparatory tillage 

1* Ploughing ... ... 

2. Harrowing ... ... 

3. Layout • • • ... 

4. Preparation of flat beds 
and water channels ••• 

17-10-̂ 85 

28-10-85 

29-10-85 

29-10-85 

B) Fertilizer applications 

1. Application of urea and 
single superphosphate as 
per treatments ... 30-10-85 

C) Sowing 

1. Sowing of seeds by dibbling 31-10-85 

D) Post sowing operations 

1. Gap filling ... 

2. Thinning 

3. Hoeing ... 

4. Weeding 

E) Irrigation 

1. First irrigation 

2. Second irrigation 

15-1^-85 

25-11-35 

30-11-85 

3-12-85 

1-11-85 

16-11-85 
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Table 5 (contd.) 

Sr.No. Name of the operation 

3. Third irrigation 

4. Fourth irrigation 

F) Plant protection measures 

1. Endosulphan spraying 

2. Endosulphan spraying 

3. Endosulphan spraying 

4* Endosulphan spraying 

5. BHC 10% dusting 

6. BHC 10# dusting 

G) Harvesting ... 

H) Threshing and cleaning 

Date of operation 

9-12-85 

22-1-86 

6-12-85 

16-12-85 

19-12-85 

26-12-85 

7-1-86 

15-1-86 

3-3-1986 

20-3-86 

3.2.3.1 Sowing : 

The crop was sown on 31st October, 1985 by dibbling 

2-3 seee\s/hlll with a spacing of 4;? cm between rows. The 

intra-row spacing were kept as per the treatments. 

3.2.3.2 Gap filling and thinning : 

Gap filling was done 15 days after the sowing. 

Thinning wai. carried out after 22 days after sowing, keep­

ing a single plant at each dibole. 
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3*2.3*3 Hoeing and hand weeding : 

Hoeing was carried out 30 days after sowing. The 

weeding operation was carried out 33 days after sowing. 

3.2.3.4 Irrigation : 

The first irrigation was given after sowing ana the 

second, third and fourth irrigation were given at 15, 39 

and 83 days after the sowing, respectively. 

3.2.3.5 Plant protection measures : 

In order to protect the experimental crop from the 

semiloopers and apnids, control measures with endosulphan 

spray and 10 per cent BHC dusting were adopted. 

3.2.4 Biometric observations ; 

3.2.4.1 Sampling technique : 

For various observations on the growth characters 

five plants from net plot were selected randomly. These 

plants were suitably labelled ana all biometric observations 

were recorded on these plants at an interval of 15 days 

from 30 days after sowing. 

3.2.4.2 Growth stuaies : 

The schedule of biometric observations recorded 

during the course of investigation is presented in Table 6. 



34 

Table 6 : Schedule of biometric observations on 
different growth characters of safflower; 

Sr. Name of the 
No, observation 

Observations 
Size of recorded on Frequ-
the sample days from ency 

sowing 

A) Plant population Net plot After thinning 
and at harvest 

B) Growth studies 

1. Plant height 5 plants 30, 45, 60, 75, 
90, 105 and at 
harvest 

7 

2. Plant spread 5 plants 30, 45, 60 75, 
90, 105 and at 
harvest 

7 

3. Number of bran­
ches/plant 

5 plants 6̂ , 75, 90, J.05 
and at harvest 

5 

4. Total dry 
matter/piant 

1 plant 30, 45, 60, 75, 
90, 105 and at 7 

C) Development studies 

1. Days to 50 per 
cent flowering Net plot 

harvest 

D) ifield cont r ibu t ing characters 

1. Number of cap- 5 p lants 
s u l e s / p l a n t 

2. Nuiiber of g r a in s / 
p l an t 5 p lants 

3 . Weight of g ra ins / 
p l an t 5 p lants 

4. Thousand gra in 
weight Net p lo t 

90, 105 and 
at harvest 

3 

At hardest 1 

At harvest 1 

At harvest 1 
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Table 6 (contd.) 

5 

E) Post harvest studies 

1. Grain yield (q/ha) Net plot 

2. Bhusa yield (q/ha) Wet plot 

3. Harvest index -

F) Che&ical studies 

1. Nitrogen content 
in plant and 
seed (per cent) -

2. Phosphorus content 
in plant and seed 
(per cent) -

3. Oil and protein 
content in grain 
(per cent) -

harvest 1 

harvest 1 

harvest — 

At harvest 

At harvest 

At harvest 

A) Pre-harvest studies : 

1. Plant-population count : 

The initial plant count was recorded after thinning 

while the final plant count was recorded just before the 

harvest of the crop. 

2. Plant height : 

The plant height was measured from the ground level 

to the tip of bud on the main branch till flowering and 

thereafter upto the base of capsule. 
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3, Plant spread : 

The plant spread gives the vigour of plant. It was 

recorded in both the directions i.e. East-Vest and North-

South on the same date o#which the height was recorded* 

4, Number of branches per plant : 

The number of main and sub-branches per plant was 

recorded on the same date on which the height and spread 

was taken, 

5» Total dry matter : 

For the determination of the total dry matter per 

plant and its subsequent development, a plant other than 

the observational plant was selected randomly from the net 

plot on all the observation dates commencing from jJO days 

after sowing. The plant was dried in sun and subsequently 

in hot air oven at 60°C till constant weight was obtained, 

B) Development studies : 

1. Days to 50 per cent flowering : 

These observations were started from the emergence 

of flowers in the plot and continued upto the period when 

fifty per cent of the plants showed flowering. 
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C) Yield contributing characters : 

1. Number of capsules per plant t 

The number of capsules of five observation plants 

were counted and its number per plant was worked out. 

2« Number of grains per plant ; 

The capsules of 5 observation plants were threshed 

separately and the number of grains were counted. The 

number of grains per plant were then worked out. 

3. Weight of grain per plant ; 

The weight of grains from five observation plants was 

recorded and its weight per plant was worked out. 

4. 1000 grain weight ; 

A random sample of 1000 grain from net plot produce 

of each treatment w<*s selected and 1000 grains were 

counted and its weight was recorded. 

D) Post harvest studies : 

1. Grain yield : 

The weight of grain per plot was recorded after 

threshing and cleaning the produce of each net plot. The 

grain yield per hecare was then worked out. 
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2. Bhusa yield : 

The tc&l weight of plants was taken before threshing 

and weight of bhusa was obtained by substracting the weight 

of grain from it. 

3 . Harvest index ; 

Harvest index was ca lcula ted by using the following 

formula. 

H.I. = Economic yield x 100 
Biological yield 

4. Response equation : 

The response equation was f i t t e d to the y ie ld data 

and R2 value was worked out to observe good f i t or otherwise. 

E) Chemical s tud ies ; 

The observat ional p lants a t harves t were u t i l i s e d for 

chemical ana lys i s . P lan t samples were oven dried and put 

to Wiley mi l l to pass through 20 mesh and used for chemical 

ana lys i s . Grain samples drawn a t randomly from net p lo t 

dried and powdered in an e l e c t r i c grinder and used for 

ana lys i s . 

1. Nitrogen content i n grain and bhusa : 

The ni t rogen content i n grain and bhusa were estimated 

by modified KJeldhal ' s method (A.O.A.C. 1965). 
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2, Total ni trogen uptake by t h e crop (kg/ha) : 

Nitrogen uptake by grain and bhusa was calculated by 

mult iplying ni t rogen concentrat ion in grain and bhusa with 

t h e i r r e spec t ive y ie lds per hec ta re . The t o t a l uptake of 

n i t rogen by the crop (kg/ha) was calculated by the addi t ion 

of uptake of ni t rogen by grain and bhusa^ 

3» Phosphorus content i n grain and bhusa j 

Phosphorus content i n grain and bhusa was determined 

by modified Olsen 's method (Olsenj 1954). 

4 . Phosphorus uptake by grain and bhusa ; 

I t was determined by multiplying phosphorus content 

i n grain and bhusa with t h e i r respect ive y i e l d s . The t o t a l 

uptake of phosphorus by the crop was calculated by the 

addit ion of uptake of phosphorus by gra in and bhusa. 

5. Quality s tud ies : 

Oil and protein content are the two important quality 

attributes in safflower. Protein percentage was determined 

by multiplying percentage of nitrogen in tne grain by the 

factor 6.25 (A.O.A.C., 1965). Oil percentage in grain was 

estimated by Soxhlet's ether e:&traction method (Piper,1966). 

;>.2.5 Statistical analysis and interpretation of data : 

The data recorded was statistically analysed by 

technique of Analysis of Variance (Fisher and Yates 1963) 
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and test of significance was carried out as given by 

Cochran and Cox (1967) and Panase and Sukhatme (1967)» 

In the tabular data in text C*D« values have been given 

for comparison only in cases where the 'F1 test was 

significant; where, it was not significant, figures for 

S.S* of means only are given* 
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4tl Initial and Final plant stand : 

Data pertaining to the initial ani final plant 

stand as influenced by different treatments are presented 

in Table 7. 

The mean initial and final plant stand was 327.37 

and 319.89 plants/net plot, respectively. 

Fertilizer levels t 

The mean initial and final plant stand was not 

influenced significantly due to different levels of ferti­

lizer application. 

Plant densities : 

There was significant difference inthe number of 

plants per net plot at initial stage as well as at harvest 

due to application of treatment of plant densities. 

Interaction : 

The number of plants were not affected due to inter­

action between fertilizer levels and plant densities. 

4.2 Growth studies : 

Biometric observations were recorded on the various 

growth characters viz., plant height, spread, number of 
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Table 7 : Kean nunber oi i n i t i a l end f i n a l p l a n t popula t ion 
count 

Trea tments I n i t i a l p l an t P i n a l p l an t popu-
popula t 1 on l a t i o n a t h a r v e s t 
"Net p l o t t e r ha «e t p l o t . p e r T a 

f e r t i l i z e r s <Kg/ha; 

h • r 2 0 5 

25 * 12.5 

pu + 25 

/5 + 37.5 

100 + 50 

b.ii.J; 

C.L. pt 5# 

Jrlant Lenta t i e s i l p k h / h a ) 

527.53 134702 320.33 131622 

52 / .25 154670 519.56 151514 

527.66 154839 320.00 131686 

327.25 134670 319.66 131546 

0.74 305 0.42 173 

2.25 

1.50 

1 .00 

0 .75 

C . L.j+ 

C.i/. p t 5* 

In te rac t ion 

b.h.J; 

C.L. a t 5 -Jo 

Genera l hean 

537.66 221258 530.83 216447 

327.33 134702 349.58 143859 

237.5u 97736 230.25 14752 

177.53 73057 16b.V1 67041 

0.74 305 0.42 173 

2.15 877 1.22 502 

1.65 761 

327.37 134719 

0.85 350 

319.69 131641 
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branches and dry matter accumulation per plant a t regular 

i n t e r v a l of 15 days from 30 days onwards. 

4.2«1 Plant Height : 

Data regarding mean p lan t height as affected p e r i o ­

d i ca l ly by d i f f e r en t treatments are presented i n Table 8 

and graphica l ly depicted i n Fig.2» 

The mean p lan t height a t 30 days a f t e r sowing was 

17.62 cm. I t increased progressively as the age of the 

crop advanced and a t t a ined maximum (109•IS cm) a t harves t . 

The p lan t height was increased rapid ly during 45 to 60 

days, t h e r e a f t e r i t was increased gradual ly . 

F e r t i l i z e r l eve l s ; 

The p lant height was influenced s ign i f ican t ly through­

out the crop growth period due to d i f fe ren t leve ls of f e r t i ­

l i z e r appl ica t ion except a t 60 days a f t e r sowing. The a p p l i ­

cat ion of 100 kg~t? + 50 kg P20y^ha increased plant height 

s i g n i l i c a n t l y over 2̂> kg N + 12.5 kg P20y'na ana 50 kg N + 

25 kg P205/ha a t a l l tbe crop growth stages except a t harvest 

where, i t was on par with 50kg N + 25 kg P20c/ha. Further , 

i t was observed t h a t appl ica t io^of 75 kg N + 37.5 kg P20a/ha 

also increased the p l an t height s ign i f i can t ly over 25 kg N + 

12.5 kg P20g/ha during ea r ly crop growth stages v iz . 1 30 and 

45 days a f t e r sowing. 



Days from sowing 

Fig. 2 : Mean plant height (cm) as affected periodically 

by various treatments. 
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Table 8 i Mean p l a n t h e i g h t (&n) a s a f f ec t ed p e r i o d i c a l l y hy 
v a r i o u s t r e a t m e n t s 

D a y s a f t e r s o w i n g At h a r -
Treatments 30 45 60 75 90 

"" ••" v e a t 
105 

F e r t i l i z e r s (kg /ha) 
N + P 2 0 5 

25 + 12*5 16 ,61 55.75 98 ,21 100.92 103.95 106,73 106.96 

50 + 25 17.33 56.53 98.55 101.03 104.23 106,91 103,45 

75 • 37«5 18*13 57 3 3 99 .03 101,83 105.18 107.66 108.65 

100 + 50 18 .35 59 .51 100.28 103.75 106.51 109.28 110,68 

S.E* +_ 0 . 3 9 0 ,62 0 .79 0 .75 0.72 0 ,80 0 ,78 

C D , a t 556 1#12 1.78 - 2,16 2 , p 7 2 .30 2.24 

P l a n t d e n s i t i e s ( l a k h / h a ) 

19 .75 60 .03 102,55 104 .91 108,31 110.35 115*53 

58.58 101,33 104.03 106.95 109-55 110.13 

56 .68 96,83 100.08 102.96 105.81 107.85 

54.26 95 .36 93.43 101.73 104.85 105 .21 

0.62 0 .79 0.75 0.72 0.30 0 .78 

1.78 2 .27 2 .16 2 .07 2.30 2 .24 

1 .73 1.83 1.50 1.42 1.61 1.55 

2 ,25 19 .75 

1,50 18.13 

1.00 17 .06 

0.75 15 .53 

S.E, + 0 .39 

C D . a t 5# 1.12 

I n t e r a c t i o n 

S.E. +_ 0 .79 

C D . a t 5* — 

General Mean 17.62 57.40 99.01 101.87 104.97 107.64 109.18 
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Plant Densities : 

The differences in plant height due to different 

levels of plant densities were found to be significant at 

all the crop growth stages. The plant density of 2.25 

lakh plants/ha increased plant height significantly whereas 

plant density of 0.75 lakh plants/ha decreased plant height 

significantly as compared to other plant densities on 30 

days after sowing. The higher plant densities of 2,25 and 

1.50 lakh plants/ha recorded significantly more plant height 

than plant densities of 1.00 and 0.75 lakh plants/ha from 

45 to 105 days after sowing* The height of safflower was 

increased significantly with increased levels of plant 

densities at harvest. 

Interaction : 

Plant height was not influenced due to interaction 

effects at all stages. 

4.2.2 Plant Spread j 

Data pertaining to the mean plant spread as affected 

periodically by various treatments are presented in Table 9 

and graphically depicted in Fig.3. 

The mean plant spread was increased gradually with 

the advanced age of crop. The maximum spread of 62.84 cm 

was recorded at harvest. The rapid increase in plant 

spread was observed between 45 to 60 days after sowing. 



Fig. 3 : Mean plant spread (cm) as affected periodically by various treatments. 
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Table 9 t Mean plant spread (cm) as affected by various 
treatments pe r iod ica l ly 

D a y s a f t e r s o w i n g At 
Treatments 30 45 60 75 90 105 harvest 

F e r t i l i z e r (kg/ha) 
N + P205 

2 5 + 1 2 , 5 26,23 31.28 37.08 43.71 50.95 55*38 59.41 

50 + 25 26*20 33.85 40.21 49.31 57.33 6l«46 65.46 

75 + 37.5 27.65 33.65 41,45 46,86 54,91 60,03 63.46 

1 0 0 + 5 0 23.30 34.68 43*11 50,43 55.88 60,16 63.05 

S.E, +. 0.60 0.64 0 t99 1.26 1.35 1.27 1.04 

C D , a t g# 1.72 1,84 2.84 3.62 3.88 3.65 2.99 

Plant dens i t i e s ( lakh/ha) 

2.25 25.30 31.46 37.51 44.10 50.68 55.73 59.00 

1.50 26.90 32,35 38.66 46.51 53.46 57.30 61.46 

1.00 27.23 33.91 40.83 43.65 56.61 61.26 64.63 

0.75 28.95 35.23 43*61 51.06 58.86 62.75 66.25 

S.ET^ 0*60 0.64 0,99 1.26 1,35 1.27 1.04 

C.d .a t 5A 1.72 1.84 2.84 3.62 3,88 3.65 2.99 

In t e rac t ion 

S.E. £ 1.21 1.29 1.99 2.53 2.7* 2.55 2.09 

C D . a t 5^ -

General mean 27.10 33.36 40.29 47.57 54.90 59.25 62.84 
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Fertilizer Levels : 

The plant spread was significantly decreased with 
Pa°5 

lower level of fertilizer (25 kg N + 12.5 kg^ha) than 

higher levels of fertilizers which were on par with each 

other at all the crop growth stages except on 30 and 75 

<ffays after sowing where, it was on par with 50&g N -*• 25 

kg N P205/ha and 75 kg N + 37.5 kg P205/ha. The applica­

tion of 100 kg N + 50 kg P20cj/ha increased the plant spread 

significantly over 50 kg N + 25 kg P^^/ha on 30 days 

after sowing* 

Plant Densities : 

The plant density of 0.75 lakh plants/ha increased 

plant spread significantly over plant densities of 1.50 and 

2.25 lakh plants/ha. Plant density of 1.00 lakh plants/ha 

also increased plant spread as compared to 2.25 lakh plants/ 

ha from 30 to 90 days after sowing. The higher plant 

densities of 2.25 and_l*50 lakh plants/ha decreased plant 

spread significantly than plant densities of 1.00 and 0.75 

lakh plants/ha on 105 days after sowing and at harvest. 

Interaction : 

Interaction effects between fertilizer levels and 

plant densities were found to be absent at all stages of 

growth. 
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4 ,2 .3 Main Branches j 

Data regarding mean number of main branches/plant 

as influenced per iodica l ly by various treatments are 

presented i n Table 10. 

The mean number of main branches a f t e r 45 days was 

14.22 and i t gradually increased with an increase i n the 

age of crop and reached to i t s maximum (20.64) a t ha rves t . 

F e r t i l i z e r Levels ; 

The mean number of main branches/plant differed 

s ign i f i can t ly a t a l l the crop growth s tages . The app l i ca ­

t ion of 100 kg N + 50 kg P20c/ha increased number of main 

branches per p lan t over other f e r t i l i z e r leve ls a t a l l 

growth s tages except on 45 days a f te r sowing and a t harvest 

where i t was on par with 75 kg N + 37.5 kg P 20 5 /ha. The 

- number of main branches/plant were s ign i f i can t ly redu­

ced due to appl ica t ion of 25 kg N + 12.5 kg P20<p/ha than 

other f e r t i l i z e r l eve l s on 45, 60 and 75 days a f t e r sowing. 

The number of main branches/plant rfere increased-Sigmficant-

ly due to appl ica t ion of 75 kg N + 37*5 kg P20c/ha as can-

pared to 25 kg N + 12.5 kg § Q /ha. on 90 days a f t e r sowing. 

Plant Densi t ies : 

The mean number of main branches/plant were affected 

s ign i f i can t ly by various plant d e n s i t i e s up to 75 days a f te r 

sowing. The lower p lant dens i t i e s of 0.75 and 1.00 lakh 

plants /ha increased the number of main branches/plant s i g n i ­

f i can t ly over higher p l an t d e n s i t i e s of 1.50 and 2.25 lakh 
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Table 10 t Mean number of main branches per plant as affected 
~-by various t reatments per iod ica l ly 

D a y s a f t e r s i o w i n S At 
Treatments 

45 60 75 90 105 harvest 

Fer t i l i z e r s (kg /ha ) 
N + P 2 0 5 

25 + 12.5 12,03 13.25 14.28 15.85 17.03 18.23 

50 + 25 13.83 15.58 16.76 17.55 18.63 19.56 

75 + 37.5 14,95 16,28 17.53 18.91 19.91 20.33 

100 + 50 16.08 13.55 21.14 22.31 23.36 23.90 

S.E, £ 0.47 0.48 0.85 1.02 1.05 1.18 

C D , a t 5# 1.35 1.38 2.44 2.93 3.02 3.39 

Plant densities (igkh/ha) 

2.25 12.31 13.52 15.29 16.76 17.75 19.00 

1.50 13.30 15.23 16.48 17.96 19.00 19.51 

1.00 15,11 16.55 17.91 19.70 20.50 21.21 

0.75 16.18 18.41 20,03 20.21 21.60 22.83 

S.E. jh 0.47 0.48 0.85 1.02 1.05 1.18 

C D . a t 5% 1.35 1.33 2.44 — — — 

jractic 

S.E. 

>n 

0.94 0.96 1.71 2.05 2.10 2.37 

CD. a t 5% — — — — — — 

General Mean 14.22 15.91 17.42 18.65 19.72 20.64 
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plan ts /ha on 45 and 75 days a f te r sowing, but plant den­

s i t i e s of 1.00 and 1,5 lakh p lan ts /ha were on par on 75 

days a f t e r sowing. The number of main branches/plant were 

s ign i f i can t ly increased with 0.75 lakh pi ants/ha and s i g n i ­

f i c a n t l y decreased with the plant densi ty of 2.25 lakh 

p lants /ha on 60 days a f t e r sowing. 

I n t e r ac t i on : 

The i n t e r a c t i o n e f fec ts were not present during a l l 

the s tages of growth* 

.,,4.2.4 Sub-branches i 

Data on mean number of sub-branches as affected by 

var ious treatments are presented i n Table 11 . 

The mean number of sub-branches/plant were increased 

gradually as the crop age advanced. The minimu$ (18.59) 

and maximum (20.75) number of sub-branches/plant were obser­

ved on 60 days a f t e r sowing and at harvest , r e spec t ive ly . 

F e r t i l i z e r Levels : 

The mean number of sub-branches/plant were differed 

s ign i f i can t ly due to d i f fe ren t l e v e l s of f e r t i l i z e r s a t a l l 

the crop growth s t ages . The appl ica t ion of 100 kg N + 250 

kg P20c/ha increased number of sub-branches/plant as com­

pared to otlier f e r t i l i z e ^ l eve l s a t a l l the crop growth 

s t ages . Further, i t was observed tha t appl icat ion of 75 kg 
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Table 11 : Mean number of sub-branches per p l an t a s 
i n f l uenced p e r i o d i c a l l y by v a r i o u s t r ea tmen t s 

Days a f t e r sowing At 
Treatments h a r v e s t 

60 75 90 105 

Fertilizers (Kg/ha) 
N + P205 

25 + 12 ,5 15 .83 17 .70 19.86 21.13 21,88 

50 + 25 18 .28 19.65 21.63 23.35 24*71 

75 • 57 .5 18 .53 19 .96 22 .16 26.26 27 .65 

100 + 50 21.-75 23.38 28 .13 31.45 3 3 . 1 1 

S.E, +_ 0 .89 1.07 1.41 1.56 1.77 

C D . a t 5# 2.S5 3 .07 4 . 0 5 4 .48 5.09 

P&ant densities (lakn/ha) 

2.25 

1.50 

1.00 

0.75 

S.E. +, 

C D . a t 5# 

I n t e r a c t i o n 

S.E. +, 1.78 2.15 2 .82 3 .13 3.55 

C D . a t 5/6 

General Mean 18.59 20.17 22.94 25.52 26.75 

16.36 18.33 21.28 23.15 24.31 

17.35 19.83 22.50 23 .50 25 .68 

20 .31 21 .21 23.76 27.56 23 .07 

20.56 21.26 24.23 27.88 23 .16 

0 .89 1T07 1.41 1.56 1.77 

2 .55 — — — —. 
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N + 37.5 kg P20tj/ha a l s o increased number of sub-branches/ 

p lan t over 25 kg N + 12.5 kg P20tj/ha on 60 and 105 days 

a f te r sowing and at ha rves t . 

Plant Densities j 

The mean number of sub-branches/plant were affected 

s ign i f i can t ly due to d i f fe ren t plant dens i t i e s only on 60 

days a f t e r sowing. The lower p lant dens i t i e s of 0.75 and 

1*00 lakh p lan ts /ha were found to be on par with each other , 

but increased the number of sub-branches/plant s ign i f i can t ly 

over higher p lan t d e n s i t i e s of 1.50 and 2.25 lakh p lants /ha 

which were also on par with each other a t 60 days a f t e r 

sowing* 

Interaction : 

The interaction between fertilizer levels and plant 

densities did not differ significantly during all the 

stages of growth. 

4.2.5 Dry matter : 

Data pertaining to mean dry matter accumulation per 

plant as influenced by various treatments are presented, in 

Table 12 and graphically depicted in Fi^.4. 

The mean dry matter accumulation per plant was 3.57 

g on 30 days after sowing. The dry matter accumuJation was 

progressively increased with the increase in age of the 



Fig. 4 : Mean dry matter production (g) per plant as affected periodically by 
various treatments. 
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Table 12 I Mean dry matter production (g) per plant as 
affected pe r iod ica l ly by various treatments 

D a y s a f t e r s o w i n g At 
Treatments 

30 45 60 75 90 105 
harvest 

Fe r t i l i z e r s (kg /ha ) 
N + P 2 0 5 

25 + 12.5 3.3Q 12.65 36.83 45.70 56.51 61.52 63.75 

50 + 25 3.43 14.43 38,898 46.62 57*09 62.09 65.34 

75 + 37*5 3.65 15*55 40.66 47*39 57.33 62,29 66.94 

100 • 50 3.84 17.44 43.47 50.70 61*18 64.44 68.61 

S.E. +. 0.179 0.623 1.08 0.99 0,93 0.90 0.67 

C D . a t 5# - 1.79 3.10 2,84 2.67 - 1.92 

P lan t d e n s i t i e s ( lakh/ha) 

2.25 3*06 13.27 34.51 43*82 54.58 59.54 63.74 

1.50 3*36 14.27 39.50 44.82 56.53 61.50 65.63 

1.00 3.47 15.97 42.34 49.42 58.92 63.29 66.52 

0.75 4.40 16.55 43.51 52.36 62.13 66.04 68.07 

S.E. + 0.179 0.623 1.08 0.99 0.93 0.90 0,67 

C D . a t 5# 0,51 1.79 3.10 2 3 4 2.67 2.53 1.92 

In t e rac t ion 

S.E. ± 0.353 1.246 2.50 1.98 1.87 1.87 1.35 

C D . a t 5% — — — — — - — 

General Mean 3.57 15.00 39.96 47.60 58104 62.53 66.08 
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crop. The r a t e of dry matter accumulation per plant was 

rapid during the period from 45 to 90 days a f t e r sowing. 

The maximum dry matter accumulation of 66*03 g per p l an t 

was observed a t harves t . 

F e r t i l i z e r Levels j 

Dry matter accumulation per p lan t was s ign i f i can t ly 

increased due to app l ica t ion of 100 kg N + 50 kg P20=/ha 

as compared to 25 kg H + 12,5 Kg P205 /ha and 50 kg N + 25 

kg P205/ha on 45* 60, 75 and 90 days a f t e r sowing and a t 

harves t . Fur ther , i t was observed tha t appl ica t ion of 75 

kg N + 37*5 kg P20c/ha a lso increased dry matter accumula­

t ion per p lant s ign i f i can t ly over 25 kg N + 12*5 kg P205/ha 

on 45 and 60 days a f t e r sowing and a t harves t . 

Plant Densi t ies j 

The lower p lan t densi ty of 0.75 lakh plants /ha accu­

mulated more dry matter as compared to higher p lant d e n s i ­

t i e s of 1.50 and 2.25 lakh p lants /ha at a l l the crop growth 

s t ages . Further , i o was noticed t h a t the plant dens i ty of 

1.00 lakh plants /ha also accumulated more dry matter over the 

p lan t density of 2125 lakh plants /ha at a l l the crop growth 

s tages , except on 30 days a f t e r sowing. The higher p lan t 

densi ty of 2.25 lakh p lan t s /ha s ign i f i can t ly decreased dry 

matter per p lant than other p lant dens i t i e s on 60 days 

a f te r sowing and a t ha rves t . 
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Interaction ; 

Dry matter accumulation was not significantly influ­

enced due to Interaction between fertilizer levels and 

plant densities. 

4.3 Days to 50 per cent flowering : 

Data regarding days to 50 per cent flowering as 

affected by various treatments are presented in Table 13. 

Xt was noticed from the data in Table 13 that the 

mean days required for 50 per cent flowering were 85.94. 

Fertilizer Levels : 

The application of 100 kg N + 50 kg P205/ha required 

significantly more number of days for 50 per cent flowering 

as compared to 25 kg N + 12.5 kg P20^/ha and 50 kg N + 25 kg 

P205/ha. The application of 25 kg N + 12.5 kg P205/ha 

required significantly less number of days for 50 per cent 

flowering. 

Plant Densities : 

The number of days to 50 per cent flowering were not 

influenced significantly due to different plant densj.-p.es. 

Interaction: 

Interaction effects were not present. 

http://densj.-p.es
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Table 13 : Days to 50 per cent flowering and mean number 
of capusles per plant as affected periodically 
by various treatments 

Days to 50 Number of capsules/plant 
Treatments per cent Bays of sowing At' harvest 

flowering 90" IO5 

Fertilizers (kg/ha) 
N + P2O5 

25 +12.5 83.55 24.85 27.16 32.14 

50 + 25 85.98 29.20 31.50 34.36 

75 + 37.5 86.73 31.69 33.81 35.99 

100 + 50 87.33 33.90 36.00 36.92 

S.E. £ 0.29 2.95 2.91 0.46 

CD. at 5% 0,85 - — 1.30 

Plant densities (lakh/ha) 

2.25 85.59 

1.50 85.88 

1.00 86.07 

0.75 86.40 

S.E. +, 0.13 

CD. at 5/o 

Interaction 

S.E. +. 0.61 5.90 5.82 0.92 

CD. at 5/6 - - - -

General Mean 85.9A 29.91 32.10 34.35 

2u.l2 28.09 32.39 

28.62 30.84 35.29 

30.06 32.30 35.73 

34.85 35.17 36.50 

2.95 2.91 0.46 

8.48 — 1.30 
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"*w4 Yield contributing characters : 

4.&.I. Number of capsules per plant : 

Data pertaining to mean number of capsules per plant 

as influenced by various treatments are presented in Table 13» 

It would be seen from the data presented in Table 13 

that the mean number of capsules per plant were gradually 

increased as the crop age was advanced. The maximum (34.85) 

mean number of capsules per plant were observed at harvest. 

Fertilizer Levels : 

The number of capsules per plant differed significantly 

due to different; levels of fertilizers only at harvest 

The application of 100 kg N + 5^ kg P20(j/ha and 75 kg N + 

37.5 kg P20c/ha increased number of capsules per plant signi­

ficantly over 25 kg N + 12.5 kg P2Q5/ha and 30 kg N + 25 kg 

P20c/ha at harvest. Further, it was observed that the appli­

cation of 50 kg N + 25 kg P20:?/ha also increased number of 

capsules per plant significantly over 25 kg N + 12.5 kg 

P205/ha. 

Plant Densities : 

The number of capsules per plant were significantly 

decreased with the higher plant density of 2.25 lakh plants/ 

ha as compared to lower plant densities which were found to 

be on par with each other on ^0 days after sowing and at 

harvest. 
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Interaction : 

The number of capsules per plant were not affected 

significantly due to interaction between fertilizer levels 

ani plant densities* 

4*4.2 Number of grains per plant : 

Data regarding number of grains per plant as affected 

by different treatments are presented in Table 14 and 

graphically depicted in Fig*5. 

Data presented in Table 14 revealed that the mean 

number of grains per plant were 354*98. 

Fertilizer Levels : 

The number of grains per plant were not differed 

significant^ due to different levels of fertilizers. However, 

the beneficial increase in number of grains per plant was 

observed with increased levels of fertilizer application. 

Plan densities : 

The number of grains per plant were significantly 

affected due to different plant densities. The number of 

grains per plant were increased significantly with decreas­

ed levels of plant densities. 

Interaction : 

Interaction effects due to fertilizer levels and 

plant densities were found to be absent. 



Fig . 5 •' Mean number of 

F4 P, P2 P3 P4 

Plant Densities 

grains per plant at harvest . 



F i g . 6 Mean thousand grain weight (g) and grain weight (g) per plant as 
affected by various treatments. 
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Table 14 t Mean number of grains and its weight/plant 
and 1000 grain weight as affected by-
various treatments 

Number of Grain weight 1000 grain 
Treatments grainfc /plant (g)/plant weight (g) 

Fertilizers (k.g/ha) 
N + P 2 0 5 

25 + 12,5 325.78 15.33 52.57 

50 + 25 343.69 20.78 52.85 

75 + 37.5 365*65 21.25 53.95 

100 + 50 380,27 23.25 54.97 

S.E, £ 20.07 1.36 0*45 

C D . at 5% - 3*91 1.29 

Plant densities 

2.25 

1.50 

1.00 

0.75 

S.E. £ 

CD. at 5# 

Interaction 

S.E. +_ 

CD. at 5$ 

General mean 

(lakh/ha) 

210,22 

331.61 

403.05 

474.53 

20.07 

57.72 

40.14 

354.98 

14.31 

20.01 

22.13 

23.90 

1.36 

3.91 

2.73 

20.23 

51.01 

52,66 

54.37 

56.29 

0.45 

1.29 

0.90 

53.53 
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4*4*3 Weight of grains per plant j 

Data pertaining to the mean grain weight per plant 

as influenced by various treatments are presented in Table 

14 and graphically depicted in Fig*6. 

It was noticed from the data presented in Table 14 

that the mean grain weight per plant was 20*23 g. 

Fertilizer Levels : 

The application of 2§ kg N + 12*5 &g PaOjj/ha decrease 

ed grain weight per plant significantly as compared to 

higher fertilizer levels which were on par with each other* 

Plant Densities i 

The grain weight was significantly reduced with 

highest plant density of 2.25 lakh plants/ha as compared 

to lower plant densities which were on par with each other* 

Interaction : 

The interaction effects were not differed significant­

ly due to fertilizer levels and plant densities. 

4.4.4 1000 grain weight : 

Data regarding 1000 grain weignt as affected by 

different treatments are presented in Table 14 and gra­

phically depicted in Fig.6. 
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It was observed from the data in Table Ik that the 

mean 1000 grain weight was 53«53 g« 

Fertilizer levels s 

The application of 100 kg N + 50 kg P20c/ha increased 

1000 grain weight significantly over 25 kg N + 12.5 kg P205/ha 

a$d 50 kg N + 25 kg p205/ha. Further, it was obserfved that 

application of 75 kg N + 37.5 kg P205/ha also increased 1000 

grain weight significantly as compared to 25 kg N + 12.5 kg 

P205/ha. 

Plant.Densities t 

The 1000 grain weight was significantly increased with 

decreased levels of plant densities. 

Interaction : 

The interaction between fertilizer levels and plant 

densities was not present. 

4.5 yields : 

Data pertaining to mean grain and bhusa yields and 

harvest index as influenced by different treatments are 

presented in Table 15 and grain and bhusa yields are 

represented graphically in Fig.7. 



Fig. 7 : Mean grain and bhusa yield (q/ha) as influenced by various 
treatments . 
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Table 15 5 Mean yield and harvest index as affected by 
various treatments 

T ^ V ^ J — H - I •4~m jp\m +* t~* <MH 

Yield (q) /ha) Harvest 

i rea unenus """•••' • •• i n d e x 
Grain Bhusa 

F e r t i l i z e r s (kg/ha) 
N + P205 

25 + 12.5 14*27 32.34 30.62 

50 + 25 15.31 38.88 28.25 

75 + 37.5 17.24 41,68 29.26 

100 + 50 17.53 43.00 28,96 

S.E. +. 0.40 0.46 -

C D . a t 3% 1.15 1.32 -

Plan t Densi t ies ( lakh/na) 

2.25 20.37 44.40 31.45 

1.50 17.90 41.11 30.33 

1.00 14.85 36.41 28.97 

0.75 11.39 33.99 25.10 

S.E. ± 0.40 0.46 -

CD. a t 5* 1.15 1.32 -

In te rac t ion 

S.E. ± 0.91 0.92 -

C D . a t 5* ™ " mmm •• 

General mean 16.10 38.98 29.12 
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4.5«1 Grain y ie ld j 

Data presented i n Table 15 showed t h a t the mean gra in 

y ie ld was 16•10 q/ha. 

F e r t i l i z e r Levels : 

The app l i ca t ion of 100 kg N + 50 kg P205 /ha and 75 kg 

kg N + 37*5 kg P20c/ha were on par but increased grain yield 

s ign i f i can t ly over 50 kg N + 25 kg P20c/ha and 25 kg N + 

12»5 kg P^O^/ha which were a l so on par with each other* The 

grain y ie ld was increased by 7.29, 20.81 and 22,85 per cent 

due to app l ica t ion of 50 kg U + 25 kg P205/ha, 75 kg N + 37.5 

kg P205/ha and 100 kg N + 50 kg P20c/ha, respec t ive ly , over 

25 kg N + 12.5 kg P 2 0 5 /ha . 

Plant Densi t ies : 

The grain y ie ld was s ign i f i can t ly increased with 

increased l eve l s of p lan t d e n s i t i e s . The plant d e n s i t i e s 

of 2#25,1.50 and 1.00 lakh p lan t s /ha increased gra in y i e ld 

by 73.84, 57.46 and 30.38 per cent , respec t ive ly , over the 

p l an t density of 0.75 lakh p lan t s /ha . 

In t e rac t ion : 

In t e rac t ion between f e r t i l i z e r levels and plant 

d e n s i t i e s was not present . 

4 .5 .2 Bhusa y ie ld : 

I t would be seen from the data in Table 15 tha t the 

mean bhusa y ie ld was 38.98 q/ha. 
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F e r t i l i z e r Levels : 

The a p p l i c a t i o n ^ 100 kg N + 50 fe P205/ha and 75 kg 

N + 37.5 kg P20c>/aa were on par ; however, increased bhusa 

yield s ign i f i can t ly over 50 kg N + 25 kg P205/ha and 25 kg 

N + 12,5 kg P205/ha, Fur ther , i t was observed tha t the app­

l i c a t i o n of 50 kg N + 25 kg P205/ha a lso gave s ign i f i can t ly 
m o r e bnuaa y i e ld than 25 kg N + 12.5 kg P205/ha» The a p p l i ­

cat ion of 50 kg N + 25 kg P 2 o y h a t 75 kg N + 37.5 kg ?zd<=Jha 

and 100 kg N + 50 kg P20^/ha increased bhusa yie ld by 22.22, 

28»98 and 32.96 per cent , r e spec t ive ly , over 25 kg N + 12.5 

kg P205/ha* 

P lan t Densi t ies : 

The bhusa y ie ld was s ign i f i can t ly increased with 

increased l eve l s of p l an t d e n s i t i e s . The p lan t d e n s i t i e s 

of 1.00, 1.50 and 2.25 lakh p lants /ha increased bhusa y ie ld 

by 7.12,20,95 and 30.63 per cent , r e spec t ive ly , over the 

p lan t densi ty of 0.75 lakh p l an t s /ha . 

In te rac t ion : 

The i n t e r a c t i o n e f fec t s due t o f e r t i l i z e r l eve l s and 

p lan t d e n s i t i e s were absent . 

4 .5 .3 Harvest: index : 

I t was noticed from the da ta i n Table 15 tha t the 

mean harvest index was 29.12. 
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F e r t i l i z e r Levels : 

The maximum harvest index of 30.62 was recorded due 

to appl ica t ion of 25 kg N + 12.5 kg PJD /ha followed by-

appl ica t ion of 75 kg N + 37.5 kg P 2 0 5 /ha . 

Plant Densi t ies : 

The harvest index was decreased gradually with decrea­

sed plant dens i t i e s* The maximum (31 #45) and minimum 

(25*10) harvest index was observed i n p l a n t d e n s i t i e s of 

2.25 and 0,75 lakh plants /ha r e spec t ive ly , 

4.6 Chemical s tud ie s : 

The inferences of chemical s tud ies are based on mean 

values . 

Data regarding ni t rogen and phosphorus content i n 

grain and bhusa as affected by var ious treatments are 

presented i n Table 16. 

4 .6 .1 Nitrogen content i n grain : 

Data presented i n Table 16 revealed -chat the mean 

nitrogen content i n gra in was 2.566 per cent . 

F e r t i l i z e r r eve l s : 

The ni trogen content i n grain was increased gradually 

with increased l eve l s of f e r t i l i z e r app l ica t ion . The 

maximum nitrogen content of 2.713 per cent was observed 

due to appl ica t ion of 100 kg N + 50 kg P20^/ha. 
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Table 16 ; Mean nitrogen and phosphorus content ingrain 
and bhusa as influenced by various treatments 

Treatments 
Nitrogen content 
( per cent ) 

Phosphorus content 
( Per cent 

Grain t Bhusa Grain Bhusa 

Fertilizers (kg/ha) 

N + P205 

25 + 12.5 2,411 0*438 0.439 0.175 

50 + 25 2.524 0.536 0.486 0.194 

75 + 57.5 2.637 0.659 0.593 0,209 

100 + 50 2.713 0.763 0.637 0.219 

Plant Densities (lakh/ha) 

2.25 

1.50 

1.00 

0.75 

2.602 0.643 0.535 0.201 

2.573 0.539 0.520 0.187 

2.535 0,557 0.506 0.169 

2.533 0.521 0 483 0.159 

General mean 2.566 0.594 0.524 0.189 
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Plant Dens i t i es : 

The ni t rogen content of grain decreased gradually 

with decreased l eve l s of p lan t d e n s i t i e s . The lowest n i t r o ­

gen content of 2.533 per cent was observed i n plant dens i ty 

Of 0,75 lakh p l an t s /ha . 

4 .6 .2 Nitrogen content i n bhusa : 

I t was not iced from the data presented in Table 16 

tha t the mean n i t rogen content i n bhusa was Q«594 per cent* 

F e r t i l i z e r Levels : 

The ni t rogen content i n bhusa was increased progress­

ively with increased leve ls of f e r t i l i z e r application'and 

reached to i t s maximum of 0,763 per cent due to appl icat ion 

100 kg N + 50 kg P 2 0 5 /ha . 

Plant Densi t ies : 

The ni t rogen content of bhusa was increased gradually 

with increased l eve l s of plant d e n s i t i e s . The maximum 

(0,643 per cent) n i t rogen content of bhusa was observed in 

p l an t densi ty of 2.25 lakh p l an t s /ha , 

4 .6 .3 Phosphorus content in grain : 

I t was observed from t h e aa ta i n Table 16 tha t the 

mean phosphorus content of gra in was 0.524 per cent. 
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F e r t i l i z e r Levels : 

The phosphorus ccntent i n gra in was progressively-

increased with increased l e v e l s of f e r t i l i z e r app l ica t ion . 

The maximum phosphorus content of 0.637 per cent was record­

ed with the appl ica t ion of 100 kg N + 50 kg ?2
Q^h&* 

Plant Densi t ies : 

The phosphorus content i n g ra in was decreased g r a ­

dual ly with decreased l e v e l s of p l an t d e n s i t i e s . The mini­

mum phosphorus content (0*521 per cent) was observed i n 

p l a n t densi ty of 0»75 lakh plants/ha# 

4 , 6 . 4 Phosphorus content i n bhusa i 

Data presented i n Table 16 indica ted tha t the mean 

phosphorus content i n bhusa was 0.189 per cent . 

F e r t i l i z e r Levels s 

The benef ic ia l increase i n phosphorus content in 

bhusa was recorded due to increased l eve l s of f e r t i l i z e r 

app l ica t ion . 

Plant Densi t ies t 

The phosphorus content i n bhusa was increased g ra ­

dual ly with increased l e v e l s of p l a n t d e n s i t i e s . The 

highest phosphorus content (0.201 per cent) was noticed in 

the^esa plant densi ty of 2.2^ lakh p lan t s /na . 
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4.7 Uptake studies : 

Data regarding uptake of N and P by grain and onus a 

and total N and P uptake by safflower as influenced by 

various treatments are presented in Table 17* 

4.7.1 Nitrogen uptake by grain j 

It could be seen from the data in Table 17 that the 

mean nitrogen uptake by grain was 41.36 kg/ha. 

Fertilizer Levels i 

Uptake of nitrogen by grain increased progressively 

with increased levels of fertilizer application. The nitro­

gen uptake by grain was lowest (29*56 kg/ha) due to appli­

cation of 25 kg N + 12.5 kg p20c/hat whereas, it was highest 

(52.23 kg/ha) due to application of 100 kg N + 50 kg F^/tia* 

Plant Densities : 

Uptake of nitrogen by grain was decreased rapidly with 

decreased plant densities. It was observed that the maximum 

(49.40 kg/ha) nitrogen uptake was observed in plant density 

of 2.25 lakh plants/ha; whereas, it was minimum (34.18 kg/ha) 

with the plant density of 0.75 lakh plants/ha. 

4.7.2 Nitrogen uptake by bhusa : 

Data presented i n Table 17 showed tha t the mean 

ni t rogen uptake by bhusa was 24.18 kg/ha. 
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Table 17 J Mean ni t rogen and phosphorus uptake by gra in 
fcy and bhusa as affected by d i f fe ren t treatments 

Treatments 
Nitrogen uptake 

(kg/ha)  
G r a i n B h u s a T o t a l 

Phosphorus uptake 
(kg/ha) 

Grain Bhusa Total 

F e r t i l i z e r s (kg/ha) 

N + P 2 0 5 

25 + 12.5 29*56 14*05 43.61 5.22 

50 + 25 33.09 21.15 59,24 7.48 

75 + 37.5 41.89 27.89 69.78 9.61 

100 + 50 52,23 33.36 85.59 11.94 

5.84 11.06 

6.99 14.47 

8.25 17.86 

8.99 20.93 

P lan t Densi t ies ( lakh/ha) 

2.25 

1.50 

1.00 

0.75 

49.40 25.98 75.36 10.33 

45.39 24.63 70.02 8.42 

40.13 23.37 64.00 7.21 

34.14 22.53 56.71 6.77 

8.58 18.91 

7.90 16.32 

6.96 14.17 

6.31 12.48 

General mean 41.36 24.18 65.54 3.37 7.43 15.85 
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F e r t i l i z e r Levels : 

Uptake of ni t rogen by bhusa was increased rapidly 

with increased l eve l s of f e r t i l i z e r appl ica t ion . The maxi­

mum nitrogen uptake of 33.36 kg/ha by bhusa was recorded 

due to appl ica t ion of 100 kg N + 50 kg P2fe / h a # 

Plant Densi t ies : 

Nitrogen uptake by bhusa was decreased gradually with 

decreased l eve l s of p l a n t dens i t ies* The maximum ni t rogen 

uptake Of 25*98 kg/ha by bhusa was observed i n p lan t densi ty 

of 2.25 lakh p l an t s /ha . 

4.7*3 Total ni t rogen uptake : 

I t i s seen from t h e da t a presented i n Table 17 that 

the mean t o t a l n i t rogen uptake was 65.54 kg/ha. 

Fertilizer Levels : 

Total ni t rogen uptake was increased rapidly with 

increased l eve l s of f e r t i l i z e r s . The maximum t o t a l ni trogen 

uptake of 85.59 kg/ha was recorded due to appl ica t ion of 

100 kg N * 50 kg P 2 0 t /ha . 

£ lan t Densi t ies : 

Total ni t rogen uptake was increased progressively with 

increased leve l s of p l a n t d e n s i t i e s . The maximum (75*36 kg/ 

ha) and minimum (56.71 kg/ha) t o t a l nitrogen uptake was 
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observed in plant densities of 2,25 and 0.75 lakh plants/ 

ha, respectively. 

4.7*4 Phosphorus uptake by grain t 

Data presented in Table 17 showed that the mean 

phosphorus uptake by grain was 8.87 kg/ha. 

Fertilizer Levels i 

Uptake of phosphorus by grain was increased progress­

ively with increased levels of fertilizer application. The 

maximum uptake of phosphorus (11.94 kg/ha) was noticed due 

to application of 100 kg N + 50 kg P2G5/ha. 

Plant Densities j 

Phosphorus uptake by grain was decreased gradually with 

decreased levels of plant densities. The minimum (6.17 kg/ 

ha) and maximum (10,33 kg/ha) uptake of phosphorus by grain 

was observed with the plant densities of 0,75 and 2.25 lakh 

plants/ha, respectively, 

4.7,5 Phosphorus uptake by bhusa ; 

It was observed from the data in Table 17 that the 

mean phosphorus uptake by bhusa was 7.48 kg/ha. 

Fertilizer Levels : 

The progressive increase in phosphorus uptake by 

bhusa was observed with increased levels of fertilizer 
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appl ica t ion . Thetnaxlmum (8.99 kg/ha) uptake of phosphorus 

was noticed due to app l i ca t ion of 100 kg N + 50 kg P20c/ha. 

Plant Densi t ies x 

The phosphorus uptake by bhusa was slowly Increased 

with increased l eve l s of p l an t d e n s i t i e s , 

4 .7 .6 Total phosphorus uptake s 

Data presented i n Table 17 showed t h a t the mean t o t a l 

phosphorus uptake was 15»85 kg /ha» 

F e r t i l i z e r Levels : 

The appl ica t ion of increased leve l s of f e r t i l i z e r s 

increased t o t a l phosphorus uptake progress ively . The mini­

mum (11.06 kg/ha) and maximum (20.93 kg/ha) t o t a l phosphorus 

uptake was recorded due t o appl ica t ion of 25 kg N + 12,5 kg 

P20^/ha and 100 kg N + 50 kg P 20 5 /ha, r e spec t ive ly . 

P lant Deositxa.> : 

Total phosphorus uptake was increased gradually with 

increased l eve l s of plant d e n s i t i e s . The maximum t o t a l 

phospnorus uptake of 18.91 kg/ha was observed with the 

plant densi ty of 2.2p lakh p l an t s /ha . 

4.8 Quality s tud ies : 

The o i l and p ro te in content are the important qua l i ty 
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at t r ibutes insaf flower. Data pertaining o i l and protein 

content in grain are presented in Table 18. 

4«8.1 Oil content ; 

I t was observed from the data presented i n Table 18 

that the OK an o i l content of saf flower grain was 29.17 

per cent. 

Fer t i l i ze r Levels : 

The o i l content of safflower grain was decreased 

gradually with increased levels of f e r t i l i ze r application. 

The highest o i l content of 29*82 per cent was observed due 

to application of lowest level of f e r t i l i z e r (25 kg N + 

12,5 kg P205/ha ) . 

Plant Densities : 

The o i l content of safflower grain was not affected 

much due to different plant densi t ies ; however, i t was 

sl ightly decreased with decreased levels "of plant 

densi t ies . 

4.3.2 Protein content : 

Data presented in Table 18 x'evealed that the mean 

protein content in safflower grain was 16,04 per cent. 
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Table 18 : Mean oil and protein content in grain as 
affected by- var ious tr< satments 

Treatments 
Oil content 
(per cent) 

Prote in content 
(per cent) 

F e r t i l i z e r s (kg/ha) 

H + P 2 0 5 

25 + 12,5 29.87 15*07 

50 + 25 29.53 15»78 

75 + 37.5 23*72 16,48 

100 + 50 28,12 16.96 

Plant Densities (lakh/ha) 

2.25 

1.50 

1,00 

0.75 

General mean 29.17 16.04 

29,34 16.26 

29,30 16.08 

29,28 15,34 

29,26 15.33 



76 

Fertilizer Levels : 

The protein content in grain was increased gradually 

with increased levels of fertilizer application. The 

maximum protein content of 16,96 per cent was recorded due 

to application of 100 kg N + 50 kg P205/ha. 

Plant Densities : 

The protein content in grain was slightly declined 

with decreased levels of plant densities. The minimum 

(15*83 per cent) and maximum (16,26 per cent) protein 

content was observed in plant densities of 0,75 and 2,25 

lakh plants/ha, respectively. 



 
 
 
 
 
 
 
 

 



5 . DISCUSSION 



5 . DISCUSSION 

The exper imenta l f i n d i n g s of the i n v e s t i g a t i o n as 

g iven i n t h e preceding c h a p t e r a re d i s c u s s e d i n t h i s 

c h a p t e r , 

5»1 S o i l , l e a t h e r and Crop Development : 

The a n a l y s i s of t h e s o i l of the exper imenta l p l o t a t 

t h e commencement o f p r e s e n t i n v e s t i g a t i o n showed t h a t t he 

s o i l under t h e exper imenta l p l o t was c layey i n t e x t u r e . The 

s t u d i e s on t h e i n i t i a l s t a t u s of t h e n u t r i e n t con ten t i n d i ­

ca t ed t h a t the s o i l was low i n a v a i l a b l e n i t r o g e n , medium i n 

a v a i l a b l e phosphorus and f a i r l y r i c h i n a v a i l a b l e po tash 

con ten t (Table 1 ) . The s o i l was, thus , c l a s s e d as medium 

i n f e r t i l i t y on t h e b a s i s of c r i t e r i a laid, down by Kuhr 

jet j a l . (1965) . The s o i l was s l i g h t l y a l k a l i n e i n r e a c t i o n 

and medium i n d e p t h . Thus, s o i l was a p p r o p r i a t e for grow-

ing of s a f f l ower . 

During t h e e n t i r e growth per iod of saf f lower , t he mean 

maximum tempera tu res ranged between 23?1 t o 35.0°C while the 

mean minimum tempera tures ranged between 8 .6 t o 16 .2 C. The 

mean relaULve humidi ty ranged between 69 to 93 per cent d u r ­

ing t h e morning nours and 20 to 47 per cent during evening 

hours (Tab le 2 ) . These c o n d i t i o n s could be considered as 

normal for saf f lower c r o p . The r a i n f a l l of 110.4 mm m 3 
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ra iny days was received during November. The aphid incidence 

increased due to t h i s r a i n f a l l . 

The esperimental crop was sown on October 31, 1985 • 

The crop had a mild a t tack of apnids during ear ly crop growth 

s tages and i t increased during l a t e r s tages . To minimise 

the at tack of apnids, spraying of 0.07& endosulphan was done 

four times dur ing the ea r ly s tages and dusting of 1Q# BHC was 

done twice durirjg the l a t e r s tages . 

To have a general idea about the nature of growth and 

development of safflower under the so i l and enviromental 

condit ions of Pune, the general mean of d i f ferent growth 

a t t r i b u t e s , y i e ld contr ibut ing charac te rs , y ie ld and other 

a t t r i b u t e s were s tudied. The general mean emerged from 

t h i s study are presented i n Table 19. 

Table 19 : Influence of season on the performance of 
important characters of safflower 

Characters General mean 

I n i t i a l p lant stand 

Final plant stand . . . 

Height of p lan t 

Spread of p lan t 

Number of main branches/piant 

Number of sub-branches/plant 

Totaldry matter (g) . . . 

327.37 

319.89 

109.18 

62.84 

20.64 

20.75 

66.08 
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Table 19 (contdj 

Characters 

Number of capsules/plant 

Number of grains/plant , 

Weight ̂grain/plan t 

1000 grain weight (g) 

Grain yield (q/ha) 

Bhusa yield (q/ha) < 

Harvest index < 

Nitrogen content (%) in grain .*• 

Nitrogen content (#) in bhusa • «, 

Phosphorus content (#) in grain ... 

Phosphorus content (%) in bhusa ••• 

Nitrogen uptake (kg/ha) by grain ... 

Nitrogen uptake (kg/ha) by bhusa 

Total nitrogen uptake (kg/ha) 

Phosphorus uptake (kg/ha; by grain 

Phosphorus uptake Ckg/ha) by bhusa 

Total phosphorus uptake (kg/ha) ... 

Oil content (#) in grain ... 

Protein content (#) in grain ... 

General mean 

34.85 

354.98 

20.23 

53.58 

16.10 

38.98 

29*12 

2.56 

0.594 

0.524 

0.189 

41.36 

24.18 

65.84 

S.37 

7.48 

15.85 

29.17 

16.04 

The mean i n i t i a l p l an t s tana af ter thinning and f ina l 

p lan t stand at harvest was 327,37 and 519.39 p lan t s /ne t 

p lo t , r espec t ive ly (Table 19). The grovrth of the crop in 



80 

terms of height and spread was 109.18 and 62.84 cm, r e s ­

pect ively a t ha rves t . The maximum nunber of main ani sub-

branches were 20.64 and 20.75, respec t ive ly a t harvest . In 

saf flower, branch number i s one of t h e dominent fac tors 

which i s responsible fo r y ie ld because capsule number/plant 

and grain number/capsule depends upon the number of branches 

per p l an t . The t o t a l number of branches produced by a p lant 

ind ica tes the p o t e n t i a l i t y of a p l a n t for growth, but from 

the production po in t of v iew, i t i s the number of flowers 

and capsules which tu rn productive by bearing f i l l e d cap­

sules are very important . 

The r a t e of dry matter accumulation was alow during 

ear ly stages of crop grGwth upto 45 days af ter sowing. The 

r a t e of dry matter product ion/p lant was rapid during the 

period between 45 to 90 days a f t e r sowing. The plant had 

produced 87.83 per cent of dry matter upto 90 days a f t e r 

sowing. The mean maximum dry matter accumulation per plant 

was 66,08 g a t harves t . 

P l an t produced maximum height and spread during ear ly 

stages upto 60 days a f t e r sowing. The p lan t had a t ta ined 

90*68 per cent height and produced 64.11 per cent spread 

upto 60 days a f t e r sowing (Taole 20) . The plant had also 

produced 77.08 per cen t of branches upto 60 days a f te r sow­

ing . The rapid expansion of these characters i n the ear ly 

par t of the l i f e of the crop w^s benef ic ia l for dry matter 

production in terms of vegeta t ive pa r t s , which subsequently 
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formed a base for dry matter accumulation in terms of 

reproductive p a r t s . 

The mean maximum number of capsules per p l a i t »ras 

34*85 a t harves t . The mean number of grains and i t s weight 

per p lant was 354.98 and 20.23 g respec t ive ly . The mean 

1000 grain weight was 53.53 g. The safflower had produced 

16.10 and 38.98 q/ha of grain and bhusa y ie lds , r e spec t ive ly , 

with the mean harvest index of 29*12 (Table 19)* 

The gra in and bhusa contained 2.566 and 0*594 per 

cent ni trogen and 0.524 and 0.189 per cent phosphorus, 

respec t ive ly . The saf flower crop had removed 65*54 kg t o t a l 

nitrogenand 15.85 kg t o t a l phosphorus per hec ta re . The mean 

o i l and prote in content was 29.17 and 16.04 per cent, 

r espec t ive ly . 

I t would be seen from the da ta i n Table 20 tha t about 

52.57 per cen t of height was completed i n 45 days a f t e r 

sowing. Thereafter, the pl<ant height increased progressive­

ly and about 90.68 per cent of height a t ta ined i n 60 days 

a f te r sowing. The incx ease i n p lant spread was a f a s t e r 

during the ear ly stages of crop growth and about 53.03 per 

cent of p lan t spread was completed in 45 days af ter sowing. 

Thereafter, the p lant spread increased gradually and 76 per 

cent p lan t spread was completed upto 75 days. The main 

branches s t a r t a f t e r 45 days, whereas sub-branches s ta r ted 

60 days af te r sowing. The r a t e of main branch formation 

was rapid during ear ly s tages . About 77 per cent of main 
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branches and 69 per cent of sub-branches were formed upto 

60 days af te r sowing. The growth of main and sub-branches 

continued the rea f t e r and 90 per cent of main and 86 per 

cent of sub-branches were formed i n 90 days af ter sowing. 

The r a t e of dry matter accumulation was slow during early 

crop growth s tages upto 4p days a f t e r sowing. The plant 

had produced 60 per cen t of dry matter upto 60 days a f te r 

sowing. The dry matter accumulation was progressively 

increased the rea f t e r and 88 per cen t of dry matter was 

accumulated i n 90 days a f t e r sowing. 

5»2 Effect of f e r t i l i z e r l eve l s : 

The i n i t i a l and f ina l p l a n t population (Table 7) was 

not influenced due to d i f fe ren t l e v e l s of f e r t i l i z e r s . The 

growth r a t e i n terms of p l a n t height was slow upto r o s e t t e 

stage (Table 8 ) , The app l i ca t ion of 100 kg H + 50 kg P^O^/ha 

produced s ign i f i can t ly more p l an t height over 25 kg N + 12.5 

kg P205/ha and 50 kg N + 25 kg ?205/ha at a l l the crop-growth 

stages except a t 60 days a f t e r sowing and at harvest . The 

appl icat ion 75 kg N + 37.5 kg ?205/ha also increased plant 

height s ign i f ican t ly over 25 k& N + 12.5 kg P20^/ha during 

ear ly crop growth stages v i £ . t 30 ana. 45 day3 after sowing. 

Gi lber t and Tucker (1967), Girase _et _al. (1976) and Mulik 

(1984) also reported increase i n p lant height with increased 

leve l s of ni t rogen app l i ca t ion . The appl ica t ion of higher 

l eve l s of f e r t i l i z e r were found to be on par with each other, 



Table 20 : An ex t r ac t of r e l evan t information showing percentage of height , spread, 
number of main and sub-branches and dry matter per p lan t recorded per iodica l ly 

P lan t height P lan t spread Number of branches Dry matter 
Days a f t e r Absolu- & of the Abso- 36 or Main Sub per p lant 

sowing a t e t o t a l l a t e the Abso- 36 of Abso- ^~oT Abso- * of the 
cm cm t o t a l l u t e the l u t e the l u t e t o t a l 

cm t o t a l cm t o t a l cm 

30 17.61 16.12 27,09 43.10 - - - 3.57 5.40 

45 57.40 52.57 33.36 53.08 14.22 68.89 ~ - 15.01 22.71 

60 99.01 90.68 40,29 64.11 15.91 77.08 18.59 6^.49 39.96 60.47 

75 101.87 93.30 47*57 75.10 17.42 84.39 20.17 75.40 47.60 72.03 

90 104.97 96.14 5^.90 87.36 18.65 90.35 22.94 85.75 58.04 87.83 

105 107.64 98.58 59.25 94.28 19.72 95.54 25.52 95.40 62.58 94.70 

At harvest 109.18 100.00 62,84 100.00 20.64 100.00 26.75 100.00 66.08 100.00 

03 
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however,they produced s ign i f i can t ly more plant spread over 

lowest leve l of 25 kg N + 12,5 kg P2Q5/ha a t most of the 

crop growth stages* The increase in p lan t spread with 

increased leve ls of ni t rogen app l ica t ion was a lso recorded 

by Girase et a l . (1980), Mane and Narkhede (1982fc>) and 

Mulik (1984), 

The main arti. sub-branches are important yi±eld con­

t r i b u t i n g charac ters i n safflower* The appl ica t ion of 100 

kg N + 50 kg P20ej/ha increased main and sub-branches per 

p lan t s ign i f i can t ly over other f e r t i l i z e r levels a t a l l the 

crop growth s tages except on 45 days a f t e r sowing and a t 

harvest where main branches were on par with 75 kg N + 37.5 

kg P 20 5 /ha . The appl ica t ion of 75 kg N •• 37.5 kg P2G5/ha 

also increased number of main branches s ign i f i can t ly over 

25 kg N + 12.5 kg P205 /ha on 45, 60, 75 and 90 days and sub-

branches on 60 and 105 days af te r sowing and a t ha rves t . 

Umrani .et*al . (1981) reported t h a t appl icat ion of 50 kg N/ha 

showed favourable influence on primary branches under dry 

land condi t ions; whereas, Muiik (1934) reported maximum number 

of primary and secondary branches due to appl ica t ion of 75 

kg N/ha under i r r i g a t e d condi t ions . 

The increase in plant vigour i n terms of plant height , 

spread and number of main and sub-branches with increased 

leve l s of f e r t i l i z e r s was found to be helpful i n u t i l i s i n g 

the radient energy more e f fec t ive ly and thereby r e s u l t i n g i n 

increased synthes is of carbohydrates. Hence, the general 

vigour of the p l a i t s f e r t i l i z e d with higher leve ls of N and 
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P increased. The appl ica t ion of 100 kg N + 50 kg P20c/ha 

accumulated s ign i f i can t ly more dry matter as compared to 

25 kg N + 12.5 kg P20^/ha and 50 kg N + 25 kg P20^/ha on 

45, 60, 75 days a f t e r sowing and a t harvest (Table 12). 

The appl icat ion of 75 kg N + 37*5 kg P20e>/ha also increased 

dry matter accmiftulation per p lan t s ign i f i can t ly over 25 kg 

N + 12.5 kg P20^/ha on 45 and. 60 days a f t e r sowing and at 

harves t . The plant receiving 75 kg N + 37.5 kg p205/ha and 

100 kg N + 50 kg P205/ha accumulated 66,94 and 68,61 g of 

dry matter as compared t o 63.75 g due to appl ica t ion of 25 

kg N + 12.5 kg P20c/ha. The p l a n t f e r t i l i z e d with these 

higher l eve l s of f e r t i l i z e r s increased dry matter production 

considerably and consequently r e su l t ed i n the production of 

more gra in y ie ld . Sheelavantar (1973) observed t h a t dry 

matter production was increased due to ni t rogen appl ica t ion 

up to 40 kg/ha under dry land condi t ions; wnereas, Mulik 

(1984) recorded maximum dry matter accumulation with a p p l i ­

cat ion of 75 kg N/ha under i r r i g a t e d condi t ions . 

The capsule number per p lan t i s an important yield 

contr ibut ing character i n safflower. The appl ica t ion of 75 

kg N + 37.5 kg P205/ha and 100 kg N + 50 kg P20c/ha increased 

number of capsules s ign i f i can t ly over 25 kg N + 12.5 kg 

P205 /ha and 50 kg a + 25 kg ? 20 5 /ha at harvest (Table 13). 

The r e s u l t s corroborate the f indings of Mulik (1984). The 

number of gra ins per p lant were not differed s ignif icant ly» 

However, the beneficial Increase i n number of g ra ins /p lan t 
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was observed with increased l e v e l s of f e r t i l i z e r appl ica­

t i on . The weight of g r a i n s / p l a n t decreased s ign i f i can t ly 

due to appl ica t ion of 25 kg N + 12.5 kg P20c/ha as compared 

to higher f e r t i l i z e r l e v e l s which were on par with each 

other (Table 14) . The increase i n gra in weight/plant with 

higher l eve l s of f e r t i l i z e r appl ica t ion resul ted i n t r a n s ­

loca t ion of more photosynthates i n to capsule which i nc rea s ­

ed i t s sink capaci ty r e su l t i ng i n higher y ie lds 

, Similar findings were 

reported by Mulik (1934). The appl ica t ion of higher l e v e l s 

of f e r t i l i z e r v i z . . 75 kg N -t- 37.5 kg P O^/ha and 100 kg N + 

50 kg P205/ha increased 1000 gra in weight s ign i f i can t ly over 

25 kg N + 12,5 kg P20=j/ha. The r e s u l t s are inconformity 

witn the findings of sounda et _al. (1977) and Mane and 

Narkhede (1982*). 

The appl ica t ions of 75 kg N + 37.5 kg P ^ / h a and 100 

kgN+ 50 kg p20^/ha were found to be on par but increased 

grain y ie ld s i gn i f i can t ly over 50 kg N + 25 kg P205/ha and 

25 kg N + 12.5 kg P205 /ha (Table 15) . The grai.il yield 

increased by 7,29, 20.81 and 22,85 per cent due to appl ica­

t ion of 50 kg N + 25 kg P205 /ha, 75 kg N + 37.5 kg ? 2 0 5 /ha 

and 100 kg N + 50 kg P20c/ha, respec t ive ly , over lowest 

l eve l of 25 kg N + 12.5 kg P ^ / h a . The important yield 

a t t r i b u t i n g charac ters l i k e , number of main and sub-branches, 

dry matter accumulation, number of capsules, number of grains 

and i t s weight per p lant and 1000 grain weight were favoura­

bly influenced with increased leve l s of f e r t i l i z e r appl ica t ion . 

http://grai.il
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This resu l ted i n increased gra in yie ld with higher l e v e l s 

of f e r t i l i z e r app l ica t ion . These r e s u l t s corroborate the 

findings of Anomymous (1976), Sounda e_t a l . (1977), Singh 

and Singh (1980), Mane and Narkhede (1982 ft) and Mulik (1984). 

The appl icat ion of 100 kg N + 50 kg P205 /ha, 75 kg N 

+ 37.5 k g ^ O ^ / h a were on par; however, increased bhusa 

yield s ign i f i can t ly over 50 kg N + 25 kg P205/ha and 25 kg 

N + 12*5 kg P ^ ^ / h a . Further , i t was noticed tha t the 

appl ica t ion of 50 kg N + 25 kg P ^ ^ / h a also produced s igni~ 

f i can t ly more bhusa y i e ld over 25 kg N + 12.5 kg P205/ha • 

(Table 15) . The bausa y i e l d was increased by 22.22, 26.98 

and 32,96 per cent due to appl ica t ion of 50 kg N + 25 kg 

P205 /ha,75 kg N + 37,5 kg P205 /ha and 100 kg N + 50 kg 

P20^/ha, respec t ive ly , over 25 kg N + 12.5 kg ?205/ha. The 

increase i n bhusa yield with higher l eve l s of f e r t i l i z e r s 

was due to increased p l a n t height , spread and main and sub-

branches per p l an t . Similar f indings were reported by 

Mulik (1984). 

The maximum harvest index (30.62) was recorded due 

to appl icat ion of 25 kg N + 12.5 kg p205/ha followed by 

appl ica t ion of 75 kg N + 37.5 kg P 2 o y h a , whereas the harvest 

index was 29.26. 

I t was i n t e r e s t i n g to Aaie t h e re la t ionship of 

added ni t rogen and phosphorus f e r t i l i z a t i o n and production 

of i r r i ga t ed safflower. A second degree quadralic equation 

was f i t t e d to the y ie ld data (F ig .8 ) . 
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Y » 12.225 + 0,05623 x -0.000133 x 2 

The optimum dose of ni trogen and phosphorus was 

estimated as 120.79 kg N + 59.49 kg P205/ha which f a l l s 

ou t of the range t r i e d under experimentation. The est ima­

ted production of safflower a t t h i s optimum dose was 13.04 
2 

q/ha* R value was 0,9570 which showed good f i t of r e s ­

ponse equation. 

The maximum benef i t cost r a t i o of 6,80 was recorded 

witn the appl ica t ion of 25 kg N + 12.5 kg P ^ / h a . There­

fore, a t l e a s t t h i s much f e r t i l i z e r dose should be applied, 

without leaving un fe r t i l i z ed crop (Table 21). Further, i t 

was noticed tha t the maximum addi t iona l re turns of *s,31c*Q/ 

ha were recorded due to appl ica t ion of 100 kg N + 50 kg 

P20c/ha. However, t h e maximum addi t iona l net re turns of 

2s,2466/ha with a benef i t cost r a t i o of 5.57 were obtained 

with the app l ica t ion of 75 kg N + 37.5 kg ? 2 0 5 /ha . I t 

would be, therefore , b e t t e r to f e r t i l i z e i r r i g a t e d safflower 

with 75 kg N + 37.5 k^ ? 2 0 5 / ha . 

The ni t rogen and phosphorus content i n grain and 

bhusa progressively increased wfith increased levels of 

f e r t i l i z e r appl ica t ion (Table 16). The r e s u l t s are 

inconformity with the f indings of Jones and Tucker (1968), 

Singh and Singr, (1930), Jaby e_t JLL. (1982) and ."lulik (1984). 

The uptake of ni trogen ani phosphorus by grain and 

bhusa and t o t a l uptake of these n u t r i e n t s was also increased 



Fig.8 Response of irrigated safflower to nitrogen 
and phosphate fertilization 



Table 21 : Economics of ni t rogen and phosphate f e r t i l i z a t i o n to safflower 

Grain Additional Addition- Value of Price of Addll.Net 
N + P2O5 yie ld y ie ld over a l respon- n u t r i e n t s add i t ion- r e tu rns Benefit 

(q/ha) control se/hg of (fis/ha) a l y ie ld over con- cost 
(kg/ha) (q/ha) N+P2O5 over con- t r o l r a t i o 

over con- t r o l (Bs/ ($/ha) 
t r o l (kg/ha) ha) 

0* 12.23 

25 + 12.5 14.27 2T04 5.44 179.83 1224.00 1044.12 6.80 

50 + 25 15.31 3.08 4.11 359.75 1848.00 14r88.25 5.13 

75 + 37.5 17.24 5.01 4.45 539.63 3006.00 2466.37 5.57 

100 + 5 0 17.53 5.30 3*53 719.50 3180.00 2460.5 4.52 

* = Estimated with regress ion equation 

Cost of N « Rs.4.46/kg, cost of P20^ • 5.47/kg. Price of safflower gra in * Ss.600/q. 

89 
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progrespively vith increased levels of fertilizer application 

(Tpble 17). The increpse in grpin and bhusa yield and concen­

tration oi nitrogen pnd phosphorus in grain and bnusa due to 

increased levels of fertilizer application resulted in 

increased uptake of tnese nutrients. Jones and Tucker (196R), 

bingh and Singh U960), n8by et al_. (1982; and Mulik (1984) 

also reportea tnat increased levels of nitrogen application 

increased uptake of K, P and X. 

i:;e oil cortent of safflover decreased gradually vith 

increased levels of fertiliser application (Table 1b;. ine 

oil content was maximum (.29.67 per cent) due to application 

of 25 kg N + i2.5 kg t20r/ha. These results were based on 

mean values only, however, corroborate the findings of Girase 

§1 £i- (1960;, î veida et _gl. U961), iiaby et ̂ 1. (1982) ana 

Mulik U964). 

The protein content in safflower grain was increased 

progressively vith increased levels of fertilizer application. 

The protein content was Faximum (16.96 per cent) with applica­

tion oi 100 kg N • 50 kg P205/ha. Haby et al. (1982), Mane 

and harkhede (19620) and Ivulik (1964) also reported that the 

protein content in gram vas increased with increased levels 

of fertilizer application. 

5.3 infect of Plant [Densities ; 

The number of plants per net plot was increased signifi­

cantly vitii increased levels of plant densities at initial 

stage PS veil ss at harvest. The plant density per unit area 

is P base oi yield trangle which was favourably influenced with 

increa&ea levels oi plant densities resulting in increased 

grain and buusa yields. 
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Trie nighcr plant d e n s i t i e s of 2.25 and 1.50 lakh plant /ha 

produced s ign i f i can t ly more plant height over the plant d e n s i t i ­

es of 0.75 and 1.00 lakh p lan ts /ha from 45 to 105 days af te r 

sowing (.Table 6 ) . \\hereas, i t vas increased s igni f ican t ly with 

increased l e v e l s oi plant d e n s i t i e s a t ha rves t . This might be 

due to sevare mtra-row competition r e s u l t i n g in lanky appe­

arance of trie p lan t . The other reasons may he tha t there was 

reduction in the number of main branches causing t rans loca t ion 

of photosynthates to only growing bud. This i s evident from 

the data on dry matter accumulation vherein lower plant density 

had mgrier r a t e of dry mat te r /p lan t compared to that of higher 

p lant dens i ty /un i t area. The plant d e n s i t i e s of 0.75 and 1.00 

lakh p lents /ha proauced s ign i f i can t ly more plant spread than the 

higher plant dens i t i e s of 1.50 and 2.25 lakh plants /ha at a l l 

tne crop growth stages (Table 9 ) . Similar findings were repor t ­

ed by leaser et a l . U 9 7 8 ) , Girase e t £1.(1980), Mane and Earkhede 

V, 1982 b) ana hulik (1^64). 

The lover plant dens i t i e s of 0.75 and 1.0 lakh plants /ha 

increased number of main branches s ign i f i can t ly over higher 

p lant dens i t i e s of 1.50 and 2.25 lakh p lan t s /ha on 45 end 75 

days af ter sowing and number of sub-branches on 60 days af te r 

soving ^Tables 10 and 11). fu r ther , i t was noticed that the 

number of main-branches were s ign i f i can t ly increased with the 

plant densi ty oi 0.75 lakh p lants /ha and s ign i f i can t ly decreas­

ed with 2.25 lakh plants /ha on 60 days a f t e r sowing. Kulandal-
v e l u §1 s i . (1974) ana Girase et jgl, (1980) reported highest 

number oi primary and secondary branches with lowest plant 

densi ty . 

file:////hereas
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The dry matter accumulation/plant was s ign i f i can t ly 

more with the p lan t densi ty of 0.75 lakh plants/ha as com­

pared t o plant d e n s i t i e s of 1.50 and 2.25 lakh plants/ha a t 

a l l the crop growth s tages (Table 12) . Further , i t was 

observed t h a t the p l an t dens i ty of 1«Q0 lakh plants/ha accu­

mulated more dry ma t t e r /p l an t over the plant density of 2.25 

lakh p lan t s /ha a t a l l t he crop growth stages except on 30 

days a f t e r sowing. 

The number of capsules /p lant decreased with the higher 

p lan t dens i ty of 2,25 lakh p lan t s /ha as compared to lower 

p l a n t d e n s i t i e s on 90 days a f te r sowing and a t harvest 

(Table 13) . The number o f g r a i n s / p l a n t and 1000 grain weight 

were increased s i g n i f i c a n t l y with decreased leve ls of p lan t 

d e n s i t i e s . The g ra in weight /p lant was s ign i f i can t ly reduced 

with n i c e s t p lan t dens i ty of 2.25 lakh plants /ha than lower 

plant d e n s i t i e s (Table 14) . Hoag e t a l , (1963), Abel (1978), 

Girase et a l . (1980), Mane and Narkhede (I982jil)and Mullk 

(1984) also reported t h a t high p lan t population produce 

fewer heads/p lant , fewer seeds/head and smaller seed than __* 

low population. 

The grain and bhusa y i e ld s were s ign i f i can t ly i n c r e a s ­

ed with increased l eve l s of p lant d e n s i t i e s . The plant den­

s i t i e s of 2*25, 1.50 and 1.00 lakn p lan ts /ha increased 

gra in yield by 78.84, 57.46 and 30.38 per cent , respect ive ly , 

over p l a n t densi ty of 0.75 lakh plants/ha.. Whereas, t h e 

p l an tdens i t i e s of 2.25, 1.50 and 1.00 lakn plants /ha increased 
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bhusa yield by 30.63, 20,95 and 7.12 per cent, respectively, 

over the plant density of 0.75 lakh plants/ha (Table 15). 

Thus, grain and bhusa yields were linearly related with the 

plant density. The linear yield-plant density of relation­

ship in this investigation exists because the additional 

number of plants in high plant density compensated for the 

loss in yield that could otherwise have occurred owing to 

a reduction in the yield components under high plant density. 

The results are inconforraity with the findings of Beech 

and Norman (1966), Montilla (1963), Kulandaivelu jet jal» 

(1974), Nasar et al, (1978), Singh and Yusuf (1979) and 

Mulik (1934), 

The harvest index was increased gradually with increas­

ed levels of plant densities, Donald and Hamblin (1976) 

reported increase in harvest index with increased plant 

densities. 

The nitrogen and phosphorus contents in grain and 

Bhusa were increased gradually with increased levels of 

plant densities (Table 16). Mulik (1984) also reported 

increase in nitrogen and phosphorus content in grain and 

bhusa with increased plant densities. 

The nitrogen and phosphorus uptake by grain and bhusa 

and total uptake of these nutrients v/as increased progressi­

vely with increased levels of plant densities (Table 17)« 

This was attributed to the higher grain and bhusa yields and 

more nitrogen and phosphorus content in grain and bhusa. 
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Similar findings were reported by Mane (1976) and Mullk 

(1984). 

The oil and protein content which are important 

quality attributes in safflower were declined slightly 

with decreased levels of plant densities (Table 18). The 

maximuai oil (29.34 per cent) and protein (16.26 per cent) 

content were recorded under the plant density of 2.25 lakh 

plants/ha* The results corroborate the findings of Huiik 

(19S4). 

5.4 Effect of Interaction ; 

Interaction effects between fertilizer levels and 

plant densities were fauna to be absent in respect of 

growth and yield attributing characters, yields and 

nutrient uptake. 
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6. SUMMARY AND CONCLUSIONS 

6,1 SUMMARY : 

The f i e ld i n v e s t i g a t i o n on the "Effect of Nitrogen, 

Phosphorus Levels and Plant Dens i t ies on t he Growth, Yield 

and Quality of I r r i g a t e d Safflower" on var ie ty Binma of 

safflower was car r ied out during rab l season of 1985-86 a t 

the Agr icul tura l College Farm, Pune (Maharashtra). 

The experiment was laid, out i n f a c t o r i a l randomised 

block design with four l e v e l s of f e r t i l i z e r s and plant 

d e n s i t i e s r ep l i ca t ed th ree t imes . 

The s o i l of t h e experimental p lo t was clayey i n t ex­

t u r e , low i n ava i l ab l e ni t rogen, medium i n available phos­

phorus and f a i r l y r i c h i n ava i l ab le potash. I t was s l i g h t l y 

a lka l ine i n r e a c t i o n . 

There were four f e r t i l i z e r l eve l s v i z . , 25 kg N + 

12.5 kg P205/ha, 50 kg N + 25 kg P205/fea, 75 kg N + 37.5 kg 

P20tj/ha and 100 kg N + 50 kg P205/ha and four plant dens i ­

t i e s v i z . . 2.25 lakh p lan ts /ha (45 x 10 cm), 1.50 lakh p l an t s / 

ha (45 x 15)cm, 1.00 lakh p lan t s /ha (45.x 22.5 cm), and 0.75 

lakh plants /ha (&5 x 30 cm). The gross and net plot s izes 

were 6.30 x 5.40 M2 and 5.40 x 4.50 M2, r espec t ive ly . The 

crop was dibbled on October 31 , 1985 a t the spacing as per 

t reatments . The c u l t u r a l operat ions and plant protect ion 
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measures were car r ied out on t ime. The season, i n general , 

was good for the growth and development of safflower. 

Besides gra in and bhusa y i e l d s the observations on 

per iodica l growth a t t r i b u t e s and y ie ld contr ibut ing chara­

c t e r s were a lso recorded. The chemical analysis for e s t i ­

mation of N and P i n gra in and bhusa was carr ied out . The 

uptake of these n u t r i e n t s was worked out . The o i l content 

i n gra in was es t imated. The p ro te in content was also work­

ed out* 

6*1.1 Effect of f e r t i l i z e r l e v e l s : 

The appl ica t ion of 100 kg N + 50 kg P ^ / h a produced 

s ign i f i can t ly more p lan t height and spread over 25 kg N + 

12.5 kg P ^ / h a and 50 kg N + 25 kg P ^ / h a a t most of the 

crop growth s t ages . The plant rece iv ing 100 kg N + 50 kg 

P20«j/na showed s ign i f i can t improvement in main and sub-

branches per plant* The app l i ca t ion of 75 kg N + 37.5 kg 

P205/na a lso increased number of main brancnes s ign i f i can t ­

ly over 25 kg N + 12,5 kg ?205/ha ax; most of the crop growth 

s tages . P lan ts f e r t i l i z e d with 100 kg N + 50 kg P205/ha 

accumulated s ign i f i can t ly more dry matter than 25 kg N + 

12.5 kg P ^ ^ / h a and 50 kg N + 25 kg P205/ha. 

The app l ica t ion of 75 kg U + 37.5 kg P 2 oyha and 100 

kg N + 50 kg P20c/ha increased number of capsules per p lant 

s ign i f i can t ly over 25 kg N + 12.5 kg P20:p/ha and 50 kg N + 

25 kg PpOc/ha a t ha rves t . The benef ic ia l increase in number 
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of grains and i t s weight /plant and 1000 grain weight was 

also observed wi th increased l e v e l s of ^ f e r t i l i z e r a p p l i ­

ca t ion . 

The appl ica t ion of 75 kg N + 37*5 kg P205/faa and 100 

kg N + 50 kg P205/ha were on par but increased gra in and 

bhusa y ie ld s i gn i f i c an t l y over 50 kg N + 25 kg 22^^B. and 

2 5 k g N + 1 2 « . 5 k g P2Q5/ha. The g ra in yie ld was increased 

by 7.29, 20.31 and 22,35 per cent due to appl ica t ion of 50 

kg N } 25 kg P 2 0 y h a , 75 kg N + 37.5 kg P205/ha and 100 kg 

N + 50 kg P205/ha# r e spec t ive ly , over the 25 kg N + 12,5 

kg B2O5/ • 

The maximum addi t iona l ne t r e tu rns of Rs. 2466/ha with 

benefi t cost r a t i o of 5.57 was obtained due to appl ica t ion 

of 75 kg N + 37.5 kg P 2 o y h a . Therefore, i t would be 

advis ib le to f e r t i l i z e safflower with 75 kg N + 37.5 kg 

?20ej/ha under I r r i g a t e d condi t ions . 

The ni t rogen and phosphorus content i n grain and 

bhusa and uptake of ni t rogen and phosphorus by grain and 

bhusa and t o t a l uptake of these n u t r i e n t s increased pro~ 

gress ively with increased l eve l s of f e r t i l i z e r app l ica t ion . 

The o i l content i n gra in was decreased gradually with 

increased l e v e l s of f e r t i l i z e r s , whereas, t t e protein con­

tent was increased progressively with increased leve l s of 

f e r t i l i z e r s . 
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6.1,2 Effect of p lan t d e n s i t i e s : 

The number of p l a n t s / n e t p lo t was increased s i g n i f i ­

cantly with increased l e v e l s of p lan t dens i t i e s a t i n i t i a l 

stage as well as a t harvest* 

The higher plant d e n s i t i e s of 2.25 and 1.50 lakh 

plants/ha produced s i g n i f i c a n t l y more p lan t height , whereas 

the p lant spread and number of main and sub-branches were 

decreased with increased l e v e l s of plant d e n s i t i e s . The 

dry Blatter accumulation/plant was s i g n i f i c a n t l y more with 

the p l an t densi ty of 0.75 lakh plants /ha as compared to 

1#50 and 2.25 lakh p lan ts /ha a t a l l the crop growth s tages . 

The number of capsul es /p lan t , number of grains and 

i t s weight/plant and 1Q0Q gra in weight showed benef ic ia l 

improvement with decreased l e v e l s of p lant d e n s i t i e s . 

The grain and bhusa y i e ld s were s ign i f i can t ly i n c r e a s ­

ed with increased l eve l s of p l a n t d e n s i t i e s . The plant 

dens i t i e s of 2 .25, 1.50 and 1.00 lakh plants /ha increased 

gra in y ie ld by 73.84, 57.46 and 30.33 per cent, respect ively > 

over the plant densi ty of 0.75 lakh p lan t s /na . Therefore, 

the plant densi ty of 2.25 lakh plant /ha was optimua for 

i r r i g a t e d sai*flower. 

The nitrogen and phosphorus content i n grain and bhusa 

and uptake of these n u t r i e n t s by gra in and bhusa ani t o t a l 

uptake was increased p r o v e s s i vely with increased leve ls 

of p lant d e n s i t i e s . 
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The o i l and p r o t e i n c o n t e n t i n g r a i n were d e c l i n e d 

s l i g h t l y wi th decreased l e v e l s o f p l a n t d e n s i t i e s * 

6 . 1 . 3 Ef fec t of i n t e r a c t i o n s 

The i n t e r a c t i o n e f f e c t s between f e r t i l i z e r l e v e l s 

and p l a n t d e n s i t i e s were n o t p r e s e n t . 

6 , 2 CONCLUSIONS : 

(1) The a p p l i c a t i o n of 100 kg N + 50 kg P 2 0 5 / h a gave 

maximum a d d i t i o n a l r e t u r n s of fts.313Q/ha. However, the 

h i g h e s t a d d i t i o n a l n e t r e t u r n s o f &.2466/na wi th b e n e f i t 

c o s t r a t i e of 5*57 was recorded with 75 kg N + 37 .5 kg 

P20tj/ha. I t i s , t h e r e f o r e , sugges ted t o f e r t i l i z e r i r r i ­

ga ted saf f lower wi th 75 kg N + 3 7 . 5 kg P 2 0 5 / h a . 

(2) The p l a n t d e n s i t y of 2 .25 l akn p l a n t s / h a gave 

h i g h e s t g r a i n and bhusa y i e l d and h a r v e s t i ndex . The re ­

f o r e , t h i s p l a n t p o p u l a t i o n could he considered optimum 

for i r r i g a t e d sa f f lower . 

The above conciusio*is , however, are b^sed on a s i n g l e 

y e a r ' s r e s u l t s . Therefore , f o r conf i rmat ion of tnese 

r e s u l t s , t h e i n v e s t i g a t i o n neeus t o be r e p e a t e d . 
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