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INTRODUCTION

G in g e l ly  1s one of the most ancient o i l  seed crops 

known to  man* India occupies a prominent place In  the o i l  

seed map of the world with groundnut, rape seed, mustard 

and sesamum occupying the top ranking positions in acreage 

and production* Sesamum i s  an important e d ib le  o i l  seed 

crop c u l t iv a t e d  extensively  in  India and stands next to  

groundnut in  area* I t  also assumes importance as a source
t

o f  protein  and essential  amino acids in  human and l ivestock 

nutri  tion*

Research on sesamum appears to have been i n i t i a t e d  

only  from the e a r ly  twenties* Not much work on the agronomy 

of t h i s  crop seems to have been attempted in  t h is  country*

A review of the research work on t h is  crop revealed that 

only  a fr in ge  of the problems connected with  i t s  c u l t iv a t io n  

has been touched* The research works in  most of the states 

have been confined only to evolving high y ie ld in g  plant 

types by selection from the local or acclamatised v a r ie t ie s*  

As the sesamum crop is  grown mostly as a catch crop in  a 

number of states, i t  had not received the required attention*

The average p ro d u c t iv i ty  of the crop in  Kerala i s  

low (around 250 kg/ha) though the potentia l  y ie ld s  of th is  

crop are estimated to be around 600-1000 kg/ha under dry  land



and 1000-1200 kg/ha under i r r ig a t e d  condit ions.  The 

major constraints  in  the rea l is a t io n  of  th is  high rate 

of production are considered to be low residual moisture 

level in  the soil  mainly leading to poor stand of the 

crop and the low soil  f e r t i l i t y .  By paying proper atten­

t ion to agronomic practices i t  could be possible to step 

up the y ie ld s  at least by about 5% i f  not more. Judicious 

thinning of the crop, systematic i n t e r c u l t iv a t i o n  and 

adequate manuring w i l l  increase the y i e l d .  As such, 

systematic t r i a l s  on these aspects should be undertaken 

in  the important sesamum growing tra c ts  softhat with in a 

few years, results  of  immediate value to the grower can be 

achieved and the present low level of y ie lds  can be stepped 

up.

Unless sesamum i s  adequately manured, i t s  depressing 

e ffe ct  on the succeeding crop is  sure to be f e l t .  Hence 

planned manurial-cum-rotational experiments have to be 

undertaken with a view to obviate such deleterious e ffe c t .

With th is  background the present inve stig a tio n  was 

undertaken to achieve the following broad objectives*

1. to study the n u t r i t io n a l  requirements of sesamum var«

Thilothama
i

2. to study the performance of the crop under p a rt ia l  shade,
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3* to investigate  the e ffe ct  of  f e r t i l i z e r  application 

on the y ie ld  and q u a l i ty  of produce*

4* to study the uptake of mineral n u tr ie n ts  under p a rt ia l  

shade*

5» to study the economics of f e r t i l i z e r  application on 

sesamum production*
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REVIEW Of LITERATURE

Experimental evidences on n itrogen,  phosphorus 

and potash n u t r i t i o n  of  sesamum are very meagre. However, 

the influence of these nutr ien ts  ojt 'the y ie l d ,  o i l  content 

and protein content o f  other o i l  seed crops of the country 

has been studied w e l l .  A b r ie f  review.of the work done 

in  sesamum and re lated  crops on.the n u t r i t io n  of these 

elements i s  presented hereunder*

Effect of applied nitrogen on plant growth 

The effect of nitrogen on plant growth was studied 

by several workers*

Moursi e t  _al (1966) reported that Increased application 

of nitrogen resulted in  increased dry nratter production 

of leaves, stems and f r u i t s  in sesamum. Gopalakrishnan et al 

(1971) studied the n u tr ie n t  uptake in  sesamum and found that 

increasing f e r t i l i z e r  levels had a p o s it iv e  e ffe c t  during 

e a r ly  stages of crop growth, but f lu c tu a tio n s  were noticed 

as the crop attained m a tu rity .  Bonsu (1977) pointed out 

that f e r t i l i z e r  nitrogen lowered plant height by 10% below 

the control in  sesamum. Sonsu (1977) concluded that
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f e r t i l i z e r  nitrogen lowered shoot dry matter production 

i n  sesame® Rahman et al (1978) concluded th a t  plant height 

increased w ith  increased nitrogen application  in  sesame. 

Subramanian e t  al. (1979) reported that  nitrogen application 

increased the number of branches per p lant in  sesamum. .

The dry  matter production in  mustard under I r r ig a t e d  

condit ions in  a sandy loam so il  low in  nitrogen and poor in 

organic  matter was not effected by nitrogen application 

(Maini e t a l ,  1965)* Nordestguard (1979) revealed t h a t  crude 

f a t  content in  the dry matter declined from 33 to  30®U% and 

Crude protein and chlorophyll  increased in  dry matter in the 

case of  white mustard with the application of  increased rates 

of n it ro ge n .  V i r  e t  a !  <1979) reported that  in  rainfed 

mustard^dry matter production increased upto 60 kg N/ha®

Pal (197^) concluded that the dry matter production was 

maximum with  80 kg N/ha in  sunflower*

E ffe ct  of applied nitrogen on y ie ld  a ttr ib u te s  

Moursi ; e t  al, (1966) pointed out that  nitrogen 

application increased the number of f r u i t s  per plant in  

sesamum. Bonsu (1977) investigated the e ffe c t  of f e r t i l i z e r
p

application on the growth, y ie ld  and y ie l d  components of 

sesame and found that f e r t i l i z e r  application did not 

s i g n i f i c a n t l y  increase the number of podding nodes per p la n t ,  

number of pods per plant nor the number of  mature seeds 

per pod, though nitrogen tended to increase seed weight.
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Rahman et aj. (1978) observed an Increase in the 

number of heads with increased levels of nitrogen applica­

t ion  in  safflower and obtained maximum number of heads 

with the application of  40 kg nitrogen. According to 

Singh et al. (1978) the number of pods per plant in  mustard 

increased with increased levels of nitrogen application* 

Solanki et aj. (1979) studied the c o rre la t io n  and path- 

co e ff ic ie n t  analysis in  safflower and found that seed 

y ie ld  per plant was p o s i t iv e ly  correlated with number of 

heads per p lant.

Subramanian et a l  (1979) observed an increase in the 

number o f  capsules per plant in sesamum with increased 

levels  of  nitrogen app lica tio n .  Abdel Rahman et a l  (1980) 

studied the physiological response of  sesame to nitrogen 

f e r t i l i z e r s  and found that the highest number of  e ffe ct ive  

capsules per plant was obtained with the application of 45 kg 

ni trogen.

Maity et a l  (1980) found that increased rates of 

nitrogen application resulted in an increased production 

of capsules per plant in mustard. According to Andhale and 

Kalbhor (1978),  1000 seed weight of sunflower increased 

with the increased application of nitrogen upto 75 kg/ha. .
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E ffects  of applied nitrogen on seed y ie ld

Rai and Srivastava (1968) conducted manurial t r i a l s  

in  sesamum in  red loam so ils  and found th a t  seed y ie ld  

increased with  nitrogen a pplication  and optimum level of 

nitrogen was found to be 22*5 kg/ha. Gaur arid Trehan (1973) 

pointed out that under Rajasthan conditions highest y ie ld  

was obtained with 30 kg N/ha applied half  at sowing and the 

other half  one month after sowing in  the case of sesamum. 

Singh and Kaushal (1973) studied the e ffe c t  of nitrogen 

on the y i e l d  of rainfed sesamum and found out that the 

y ie ld  of sesame seed increased with  increase in  the r a te  

o f  nitrogen from 0 to 60 kg/ha. Gaur and Trehan (1973) 

pointed out that in  sesamum^the seed y ie ld s  were highest 

with 50 kg N/ha in  Kharif  season. Gowda (197*0 reported 

that application  of **0 kg N/ha gave the highest seed yie lds 

of 1.44 t/ha in  sesamum cro p.  Singh and Kaushal (1975) 

studied the response of rainfed sesamum to f e r t i l i z e r  levels  

and found that application of 50 kg N/ha increased yie lds  

from 431 kg/ha to 617 kg/ha. Kasana and Chaudhary (1976) 

observed that seed y ie ld  increased w ith  applied nitrogen 

and the optimum application rate was 20 kg N/ha in  the 

case of groundnut crop. Popot/ et al. (1976) reported that  

application of nitrogen at the two to three .leaf stage of 

sesamum gave the highest average seed y ie ld s .  According to
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Choudhary (1977) pod y ields of i r r ig a t e d  grounchut Cv. TMV-2 

were hi gher wi th 20 kg N/ha than wi th 4o kg/ha. Gowda et

(1977) reported that application of 4o kg N/ha gave the highest 

seed yield:,  in sesamum. Reddy (1977) pointed out that seed 

y ie lds  of the sunflower c u l t iv a r s  increased with  increase in 

rates of  applied nitrogen frcm 0 to 120 kg/ha. Aleshehenko

(1978) pointed out that application of 60 kg N/ha along with 

phosphorus and potassium gave the highest average seed yie lds  

of 2.82 t/ha compared to 2.38 t/ha without f e r t i l i z e r  in the 

case of sunflower. Andhale and Kalbhor (1978) reported that 

y ie ld  components a d  seed y ie lds  of sunflower were increased 

with the increased application of nitrogen upto 75 kg/ha* 

Mehrotra et (1978) studied the response of rainfed sesamum 

to nitrogen levels and found that average seed yields of 

sesame increased from 400-760 kg/ha with  increase in rates of 

applied nitrogen from 0 to 30 kg/ha and further increase in 

y ie l d  with 45 kg N/ha was not s ig n i f ic a n t .

Mukand si nghiet .al, (1978) pointed out that average seed 

y ie ld s  of  raya v a r ie t ie s  increased with, the increased application 

of nitrogen. Nadgouda et  (1978) studied the response of 

groundnut to nitrogen in Bijapur d i s t r i c t  and found that 

application of 30 kg nitrogen alone or in combination with



phosphorus and potassium increased pod y ie lds  by 28.8% and 39% 

compared to u n f e r t i l is e d  con tro ls .  Salam e t  aj. (1978) 

reported that the response and productive e ff ic ie n cy  of 

nitrogen decreased with increasing nitrogen rates in sun­

flower.  According to Sanchez et ^1  (1 978)^ application of 

20 kg nitrogen increased y ie ld s  of pods of groundnut to 1.72 t/ha 

compared with 1..53 t/ha with no nitrogen, 1.67 t  with 40 kgy^g  

nitrogen and 1.64 t/ha with 60 kg nitrogen.

Satyanarayana (1978) studied the e ffe c t  of nitrogen on the 

y ie ld  of two g in g el ly  v a r ie t ie s  and found that highest seed 

y ie ld  was obtained with the application of 25 -  50 kg N/ha. 

Sennaiyan and Arunachalam (1978) studied the e ffe ct  of nitrogen 

f e r t i l i z e r  on gi ngel ly-TMV-3-^grotfn under rainfed conditions 

in  black loam so ils  and found that the seed y ie ld  was highest 

with  25 kg nitrogen. Singh et jal. (1979) observed an increase 

in seed y ie ld  with increased application of nitrogen in brown 

sarson. Arunachalam and Morachan (1979) found that application 

of 40 kg N/hargave the highest average seed y ie ld  in  safflower.  

Bhan (1979) reported that the y ie ldsof  two mustard c u l t iv a r s  

were greater with the increased application of nitrogen from 

0 to 120 kg/ha. Bhosale et al (1979) studied the e ffe ct  of 

graded levels of nitrogen on the y ie ld  of sunflower var ie ty  

peredavik and found that average seed y ie ld s  of sunflower
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increased from 0.73 to 1.26 t/ha with increase in rate 

of applied nitrogen from 0 to 50 kg/ha. However, further 

increase in y ie ld  with 78 kg H/ha was not s i g n i f ic a n t .

3ishnoi (1979) reported that average seed y ie ld s  of raya 

increased from 1-1.7  to 1.37 -  2.32 t/ha by increasing 

the rates of nitrogen application from 30 to 90 kg/ha.

Delgado et .§1 (1979) pointed out that sesame responds posi­

t i v e l y  to n itrogen. Appropriate rates are of the order of 

200 kg urea/ha. Gangasran and Kinra (1979) studied the 

response of rai to nitrogen with and without phosphorus and 

potassium and found that seed y ie ld  increased with increased 

nitrogen app lica tio n .  Gowda et al (1979) indicated that the 

economical optimum nitrogen rate for  sunflower hybrids was 

60 kg/ha and further  increase was not economical. Gowda and 

Gajanan (1979) made studies on the d i f f e r e n t ia l  response of 

sunflower to. nitrogen levels on red sandy loam so ils  and found 

th a t  increasing rates of applied nitrogen from 0-90kij/ha 

increased seed yields of sunflov/er from 1.05 to 1.91 t/ha, 

further  increases in nitrogen rates decreased y ie ld s .

Kachapur (1979) reported that application of  kQ kg nitrogen 

increased seed y ie lds  of n ig e r .  Kachapur et  a l  (1979) 

observed an increase in the seed y ie ld  of niger from 225 kg 

to ij-05 kg/ha with the increased rate  of application of 

nitrogen.  Munoz (1979) studied the response of two species



of rape to d iffe re n t  levels of nitrogenous f e r t i l i z e r s  and 

found that maximum yie lds  were obtained w ith  200 units  tof 

ni trogen.

Sadanandan and Sasi dhar (1979) studied the response 

of sesamum va r ie ty  Kayamkulam-1 to f e r t i l i z e r  application and 

found that 30 kg nitrogen per ha was optimum for getting 

higher y ie l d .  Saran (1979) observed an increase in  y ie ld  

of rape with the increased application of n it ro ge n .  Singh

(1979) reported an y ie ld  increase in  brown sarson with the 

increased application of nitrogen. Solanki e t  aj, (1979) found 

that the seed y ie ld  per plant in  safflower was p o s i t iv e ly  

correlated with  number of seeds per head, number ofheads 

per plant and 100 seed weight. Subramaniam (1979) reported 

that ^ p l i c a t i o n  of 40, 60 , 40 kg/ha of nitrogen, phosphoric 

acid and potash respectively  increased seed y ie ld  of sunflower 

compared to no f e r t i l i z e r  app lica tio n .  According to V i r  and 

Verma (1979) increasing the rates of  nitrogen from 0 to 30 

and 60 kg/ha increased the seed y ie ld  and y ie ld  aemponents in 

mustard.

Studies conducted by Aulakh et aj. (1980) showed that 

the grain y ie ld  of both yellow mustard and whi-te mustard 

increased with the increased level of a pplication  of nitrogen. 

DaOlay and Singh (1980) indicated that seed y ie ld  of sunflower



increased with the increased level of application of nitrogen. 

Maity et (1980) found that application of 50 kg N/ha under 

rainfed condi tions without i r r i g a t i o n  s i g n i f i c a n t l y  increased 

seed y ie lds  in mustard v a r ie ty  Varuna. Patel et .al. 11980) 

studied the response of mustard to d if f e re n t  levels  of  

nitrogen and found that mustard gave s i g n i f i c a n t l y  higher 

seed y ie ld s  with 50 kg applied N/ha than with 0-25 or 75 kg N/ha. 

Sheppard et a l  (1980) observed that rape responded to broadcast 

application of nitrogen with maximum seed y ie lds  at 100 kg N/ha 

independent of  sowing date or banded f e r t i l i z a t i o n .  Yadava et al

(1980) found that the seed y ie ld  per plant in 22 sesame c u l t iv a r s  

was p o s it iv e ly  correlated with number of  capsules, primary 

branches per plant and 1000 seed weight.  Path C o -e ff ic ie n t  

analysis showed that capsules per p lant,  1000 seed weight, 

number of days taken for 50% flowering and primary branches 

per p lant had high d ir e c t  effects on y ie l d .  Maiti  (1981) 

reported that seed y ie ld s  of 6 sesame c u l t iv a r s  were increased 

by increasing nitrogen rates from 0 to 80 -  120 kg/ha and 

y ie ld s  were further increased by adding phosphorus and 

potassium along with n itrogen. The y ie lds  with nitrogen were 

increased due to an increase in  the number of capsules per 

plant and the capsule s ize .
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E ffe ct  of nitrogen on q u a l i t y  a ttr ib u te s  

O i 1 content

Mitchell  et  a l  (1974) found that seed q u a l i ty  was 

s i g n i f i c a n t l y  influenced by nitrogen application  in  the case 

of sesamum. Mitchell  ( ’197*0 observed that increased nitrogen 

application reduced o i l  content of sesamum. Revenko (1977) 

observed that d iffe re n t  combinations of n itrogen, phosphorus 

and potassium did not favour an increase in  the o i l  content 

of sunflower.. Vali e t  a l  (1978) studied the e ffe c t  of d iffere n t  

levels and methods of f e r t i l i z e r  application on rainfed ground­

nut and found that seed o i 1 content was not affected by t re a t ­

ments. Highest p r o f i t  per ha was obtained with application of 

20 kg N/ha. Satyanarayan&l 978) observed that o i l  y ie l d  of two 

sesamum c u l t iv a r s  were higher with the application of 25 kg N/ha. 

Bishnoi et a !  (1979) studied the o i l  y ie ld  and q u a l i ty  parameters 

of three raya v a r ie t ie s  as influenced by nitrogen levels and 

found out that applied nitrogen decreased the o i l  content.

Munoz (1979) observed an increase in  the seed o i l  content of 

rape with the increased application of n itrogen. Singh et al

(1979) studied the e ffe ct  of nitrogen on o i l  content of brown 

sarson and found that o i l  content was increased by low rates 

of nitrogen but decreased by higher rates (48-60 kg N/ha).
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V ir  and Verma (1979) reported that increasing the rates 

of nitrogen from 0 to 30 kg and 60 kg/ha applied to mustard 

had no effect on seed o i l  contents* Aulakh et aj. (1980) 

studied the q u a l i ty  of  mustard crops as influenced by nitrogen 

f e r t i l i z e r  and found that nitrogen had l i t t l e  e ffe ct  on o i l  

content of g ra in ;  but total  o i l  production increased many fold*

Protein content

Bbuiya et .al. (197*0 studied the e ffe ct  o f  nitrogen on 

the protein content of  groundnut grown in Brahmaputra -  flood 

pla in  soil  and found that nitrogen application increased the 

percentage of  p ro te in .  Mitchell  (1974) found that seed protein 

content was increased by increased n itrogen-application*

Mitchell  et a !  (1974) studied the mineral composition and seed 

c h a r a c te r is t ic  of  sesame as affected by nitrogen n u t r i t io n  and 

found that increased nitrogen application did affect seed 

q u a l i ty  s i g n i f i c a n t l y .  Mitchell  et aj, (1976) observed an 

increase in the concerntration of  in d iv idual  protein -  amino acid 

with the increased level of application of n it ro g e n , in  seed. 

Skalski (1978) reported that application of increased leve ls  

of nitrogen increased the protein content from 31^15 to 35.9% 

of the dry matter in white mustard. Diepenbrock (1979) 

studied the influence of  nitrogen n u t r i t io n  on q u a l i ta t iv e



c h a ra c te r is t ic s  of seeds of rape ( Brassica napus) and 

found out that nitrogen f e r t i l i z e r  application decreased the 

l i p i d  content during the main growth stages. Nitrogen 

n u t r i t io n  s i g n i f i c a n t l y  changed fa tty  acid composition only  

during the e ar ly  stages of seed growth. At m aturity ,  

increased nitrogen application  resulted in  a trend towards 

higher contents of palm itic  and l i n o l e i c  acids but a lower 

o le ic  acid content. Aijlakh et al (1980) indicated that 

protein content of mustard grain improved markedly with 

app1i ed ni trogen•

Effect  of nitrogen on the content and uptake of nutrients

Vir  and Verma (1979) found that increasing the rates 

of nitrogen from 0 to 30 and 60 kg/ha to mustard increased 

seed nitrogen contents and uptake of total  n itrogen. Aulakh et

(1980) noticed that nitrogen f e r t i l i z e r  s i g n i f i c a n t l y  increased 

the concentration and uptake of nitrogen in  mustard crop.

Bhati and Rathor (1982) studied the response of Indian 

mustard to nitrogen f e r t i l i z a t i o n  and found that seed y ie ld  

and uptake with 60 kg N/ha were higher than wi th 20-40 kg/ha.

Bishnoi and Singh (1982) studied the e ffe ct  of nitrogen levels 

on the nitrogen, phosphorus and potassium uptake of raya and 

observed that applied nitrogen increased the nitrogen and 

phosphorus contents and th e ir  uptake.

1S>
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Reddy and Narayanan (1983) studied the concerntration 

of nitrogen in  plant parts of sesame c u l t iv a r s  and observed 

that n u tr ie n t  concentration in a l l  vegetative plant parts 

increased u n t i l  s ix  weeks after  sowing followed by a gradial 

decline towards m aturity .  Remobilisation of nitrogen occurred 

from le a f ,  stem and root to the pods during the reproductive 

phase. The n u tr ie n t  concentration in the leaves were higher 

than the reported c r i t i c a l  concentration throughout the growth 

period, in d ica tin g  that n u tr ie n t  status of the crop was more
I

than s u f f ic ie n t .  Reddy et .a! (1983) found that nitrogen 

uptake of groundnut crop was maximum with the application 

of 10 kg nitrogen applied as basal dressing and remaining 20 kg 

nitrogen applied 30 days after  sowing.

E ffect  of applied phosphorus on plant growth

Ramirez. .et .al. (1975) found that placement of phosphorus 1 

increased plant height in sesamum. Rahman et j i  (1978) 

observed that plant height increased with the increased levels 

of phosphorus in  safflower. S i r r y  et al (1979) studied the 

e ffe ct  of phosphorus f e r t i l i z e r  on the growth and n u tr ie n t  

content of sesame plant and found that increased rate of 

phosphorus application increased height of plants in sesamum. 

Rahman et (1978) reported that number of  branches per plant 

in  safflower increased with the increased level of  application 

of phosphorus. The dry matter production in nwstard under



i r r i g a t e d  conditions in  a sandy loam s o i l ,  low in  nitrogen 

and poor in' organic matter was not affected by phosphorus 

application in  combination with nitrogen and potash !

(Maini et a l ,  1965).Moursi et a [  (1966) studied the growth 

and chemical composition of sesamefiji sand culture with 

d if f e r e n t  concentrations of phosphorus in n u tr ie n t  solution 

and found that increasing level of phosphorus increased the 

dry matter of leaves, stems and f r u i t s .  Gopalakrishnan et aj 

(1971) studied the n utr ien t  uptake in sesamum and found that 

f e r t i l i z e r  levels had a p osit ive  e ffe ct  on dry matter during 

e a r ly  stages of crop growth, but f luctuations were noticed 

as the crop attained m aturity .  Pal (1979) noticed that dry 

matter production was highest with  80 kg P2°5  sunflower. 

V ir  and Verma (1979) observed that application of phosphorus 

at the rate of 30 kg/ha increased the dry matter production 

in rainfed mustard.

E ffe ct  of phosphorus on y ie ld  a ttr ib u te s

Bonsu (1977) investigated the effect  of f e r t i l i z e r  

application on the growth, y ie ld  and yie ld  components of 

sesame and found that f e r t i l i z e r  application d id  not s ig n i ­

f i c a n t l y  increase the number of podding nodes per p la n t ,  

number of pods per plant nor the number of seeds per pod. 

Rahman .et _al_ (1973) found that number of heads in  saff lower 

increased with increased level of application of phosphorus 

and obtained maximum number of heads with the application

17
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of 30 lb P205/ha. Solanki et a l  (1979) studied the corre­

lat io n  and path coeff ic ient  analysis in  safflower and found 

that seed y ie ld  per plant was p o s i t iv e ly  c orre lated  with 

number of heads per plant#

E ffe ct  of applied phosphorus on seed y ie ld

Rai and Srivastawa (1968) made manurial t r i a l s  in  

sesamum on red loam s o i ls  and found that there was not much 

response to phosphorus application w ith  respect to seed y ie l d .  

Gaur and Trehan (197*0 pointed out that the seed y ie lds  were 

highest with 50 kg P^O^/ha in  k h a r if  season in case of sesamum. 

Gowda (197*0 found that application of 20 kg P20^/ha gave the 

highest seed y ie ld s  of 1.M* t/ha in  sesamum. Singh and 

Kaushal (1975) studied the response of rainfed sesamum to 

f e r t i l i z e r  levels and found that application of 50 kg P20g/ha 

along with nitrogen increased yie lds  from **31 kg/ha to 617 kg/ha, 

Popov et al (1976) observed that application of phosphorus along 

with nitrogen at the two to three leaf stage of sesamum gave 

the highest average seed y ie ld s .  According to Choudhary (1977), 

pod y ie ld s  of i r r i g a t e d  groundnut Cv» TMV-2 were higher with 

60 kg P205/ha than with 30 kg P ^ .  Application  of 20 kg P ^ / h ?  

along with nitrogen and potash gave highest seed yie lds  in 

sesamum (Gowda et a l  1977). Mishra (1977) studied the response 

of groundnut v a r ie t ie s  to various levels  of phosphorus and
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found that highest pod y ie ld  was obtained with the application 

of  kg/ha* Aleshehenko (1978) found that application of 60 kg 

phosphorus gave the highest average seed y ie ld s  of  2.82 t/ha 

in  sesamum. According to Nadqouda et al (1978) groundnut 

crop showed l i t t l e  response to applied phosphorus. Sanchez et ,al

(1978) found that application of phosphorus in  groundnut increased 

pod y ie lds  from 0.75 t  with no phosphorus to 2«7 t  with 150 kg 

P2°5 30^ 2 t  with 200 kg. Sennaiyan and Arunachalam pointed

out that application of  25 kg P2°5  0 in9eH y  TMV-3 gave the 

highest seed y ie l d .  According to Arunachalam and Morachan(1979) 

sunflower crop showed no response to the application of 20-A0 kg 

P^Oj.. Shosale et  a l  (1979) reported that application of 0-7 kg 

P20j-/ha gave y ie ld s  1 *0A t  -  1.08 t/ha. Gangasaran and Kinra

(1979) pointed out that application of phosphorus along with 

nitrogen and potassium was p ro f ita b le  in the case of rai(Brassica, 

juncea) . According*to Gowda et a l  (1970) the economical 

optimum rate of phosphorus was 60 kg PgO^/ha which gave a y ie ld  

of 1.63 t/ha and further increases in f e r t i l i z e r  were not 

economical in  the case of sunflower hybrids.  Average seed

y ie ld  of niger was found to increase with the application of 

phosphorus at the rate of ko kg P20j./ha (Kachapur, 1979)*

Kachapur et aj. (1979) reported that seed y ie l d  of kOS kg/ha 

was obtained with 6o kg P2°5 niger compared to 225 kg without 

f e r t i l i z e r .  Munoz (1979) studied the response of two species 

of rape to d if fe re n t  levels  of phosphorus f e r t i l i z e r  and found
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th a t  maximum yielcfe were obtained with 100 u n its  of  posphorus 

per hectare*

According to Sadanandan and Sasidhar (1979) the seed 

y ie ld s  of sesatium v a r ie t y  Kavamkulam-I grown in  the red loam 

s o i ls  were not s ig n i f ic a n t ly  affected by the application of 

phosphorus at the rate of 0-55 kg/ha*

' Subramanian (1979) reported that application of 

phosphorus at the rate of 60 kg increased seed y ie l d  of

sunflower* Patel et (1980) found that mustard gave s i g n i f i ­

cantly  higher seed y ie lds  with 50 kg P20^/ha than with 0-25 or 

75 kg P20^/ha*

Maiti  (1981) pointed out that seed y ie lds  of six  sesame 

c u l t iv a r s  were increased by the application of phosphorus 

at the rate of 40 kg PgO^/ha.

Shelke and Khuspe (1981) studied the phosphorus -  

y ie ld  re la tio n sh ip  in  summer groundnut and found that the 

response of summer groundnut to applied phosphorus was 

quadratic  aid was expressed by Y (predicted pod y i e l d )  =
9

23*28 + 8*5 P -  ^*00 p . Maximum predicted y ie ld  was 2**78 t/ha 

with 18*55 kg P20(j/ha*

Effect  of  phosphorus on q u a l i ty  a t tr ib u te s  

O i l  content

Bhuiya et a l  (197*0 studied the effect  of phosphorus 

on the o i l  content of groundnut grown in  Brahmaputra flood -  

p la in  soil  and found that phosphorus application increased



percentage of o i l#  Mitchell  (197**) found that phosphorus 

had no e ffect  on o i l  content in  sesamum. According to 

M itchell  et al. (197*0 phosphorus had no e ffe ct  on the seed 

q u a l i ty  of sesamum. Mishra (1977) studied the response of 

groundnut to various levels  of phosphorus and found that by 

the application of 90 kg P^O^/ha, seed o i l  content can be 

increased. Revenko (1977) noticed that di fferent combination: 

of phosphorus, nitrogen and potassium did not favour an 

increase in the o i l  content of sunflower. Vali  et a\_ (1978) 

studied the e ffe c t  of  d if f e re n t  levels and methods of  

f e r t i l i z e r  application on rainfed groundnut and found that 

seed o i l  content was not affected by treatments. Highest 

p r o f i t  per ha was obtained with application of **0 kg PgO^/ha. 

Munoz (1979) observed that phosphorus application had no: effect  

on the o i 1 content of  rape.

Protein content

Bhuiya et a !  (197*0 studied the effect  of  phosphorus 

on the protein content of groundnut grown in the Brahmaputra 

flood plain  soil and found th a t  phosphorus application increased 

the percentage of  prote in .  According to M itchell  et a l  (197**), 

phosphorus had no effect  on the seed q u a l i ty  of sesame. Based on 

the studies conducted by Mitchell  et .a! (1976) on the protein and 

free amino acid composition of sesame meal, i t  was found that 

phosphorus n u t r i t io n  did not a ffect  amino acid composition.



E ffe ct  of phosphorus on the content and uptake of nutrients

V i r  and Verma (1979) studied the e ff e c t  of phosphorus

f e r t i l i z a t i o n  on ni trogen and phosphorus content and th e ir  

uptake in  rainfed mustard and found th a t  application  of P/)0*;

at the rate of 30 kg/ha increased seed phosphorus content and

uptake of nitrogen and phosphorus in  seed and recovery of the

applied phosphorus. JoaoTet al (1981) found that the highest

rate of application of phosphorus s i g n i f i c a n t l y  increase

phosphorus content of the seeds.

E ffe ct  of applied potash on plant growth

Rahman et al (1978) in a f i e l d  t r i a l  in  safflower found 

that plant height increased with increased potash application.  

Satyanarayana et .§1 (1978) observed that the height of plants 

was not affected by the application of 30 and 60 kg K2o/ha in 

two sesamum v a r ie t ie s  C 1036 and T 12 in  sandy loam soil  under 

i r r i g a t e d  condit ions.  Rao (1979) found that the number of 

branches was not influenced by applied potash in i r r i g a t e d  

groundnut TMV-2. The dry matter production in mustard under 

i r r i g a t e d  conditions in a sandy loam soil  low in nitrogen and 

poor in  organic matter was not affected by potash application 

alone or in combination with nitrogen and phosphorus (Maini et 

1965). Po sit ive  e ffe ct  between dry matter production and 

increasing levels of potash f e r t i l i z e r s  was obtained by 

Gopalakrishnan et al (1971) in TMV-3 sesamum during the e a r ly  

stages of crop growth, but f luctuations were noticed as the



crop attained m aturity .  Rao (1979) observed increase in  dry 

matter production with higher levels  of  potash in  i r r ig a t e d  

groundnut TMV-2®

Effect of  applied potash on the y ie ld  a t tr ib u te s

Satyanarayana (1978) reported that potash application 

f a i le d  to produce any e ffe c t  on the number of capsules per 

p lant in u n irr ig a te d  sesamum v a r ie t ie s ,  C 1036 and 112* Also 

the c o rre la t io n  worked out between number o f  capsules per 

plant and y ie ld  did not give any s ig n if ic a n t  re la t io n  with 

seed y ie l d .  Rao (1979) observed that number of capsules 

per plant increased with higher levels  of  potash in groundnut. 

Satyanarayana (1978) has shown that 1000 grain weight was not 

influenced by potash application in sesamum. The c o rre la t io n  

c o e ff ic ie n t  between test weight and seed y ie ld  showed no 

re la t io n  in  his study. Rao (1979) reported increase in test 

weight of  groundnut, TMV-2 with higher levels  of  applied 

potash.

E ffe ct  of applied potash on seed y ie ld

Eventhough the level of  potash in the soil  was very low, 

Brady and Sol ewe11 (19^5) could not get any y ie ld  increase in 

peanuts due to application of  potash.

Singh et a\ ( I960) could not get any e ffe ct  on the y ie ld  

of sesamum by applied potassium.
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Application of potash alone or in  combination with 

nitrogen or phosphorus fa i le d  to  give any e ffect  on grain 

y ie ld  of mustard in  a sandy loam so i l  poor in  nitrogen or 

organic matter (Maini et aj. 1965)*

Menon and Unni than (V965) got highly s ig n if ic a n t  and 

consistent increase in y ie l d  during three seasons in sesamum 

variety.^: Onattukara local due to potash application in the 

sandy loam s o i ls  of Kayamkulam which was very low in available  

potassium* I t  was found that addition of potash alone at 15 to _ 

30 lb/ac had given an increased y ie ld  of 20*93 kg and 37*82 kg/ac 

respectively  over no manure. Gopal akri shnan et  aj_ (1971) 

obtained 16.3% higher y ie ld  in sesamum bythe lowest f e r t i l i z e r  

level over no f e r t i l i z e r ,  but further  increase of f e r t i l i z e r  

tended to decrease the y ie l d .  Sivappa and Raj (1971) observed 

a decrease in seed y ie ld  per plant from 102.05 g to 32*75 g when 

potash was increased from 0 to 30 kg K20/ha in TMV«3 sesamum 

under i r r ig a t e d  condit ions i n V e d  sandy loam of Coimbatore. They 

a ttr ib u te d  the reason to f a i r l y  good a v a i l a b i l i t y  of  potash 

in the s o i l .  A s l ig h t  increase, in y ie ld  cbe to potash a pp l ic a t io  

was observed by Gupta and Das (1973) in  rape seed. In Jabalpur,  

y ie ld  of sesamum was decreased by the application of 25 kg I^O/ha 

(Singh and Kaushal, 1975). In another study by Mitchell  et  aj. 

(1976) s ig n if ic a n t  increase in  seed y ie ld  was obtained by 

increasing the supply of nitrogen, phosphorus or potassium



to sesamum. In a spacing cum f e r t i l i z e r  response study with 

TMV-3 sesamum during 1972-73 under rainfed conditions, f e r t i ­

l i z e r  application fa i le d  to produce any response to  y ield  

(Arunachalam and Sennaiyan, 1977)* Gowda and Kri shnamurthy (1 977) 

got s l ig h t  increase in  y ie ld  due to applied potassium in v a r i e t y ^  

spaci ng-cum-fer ti  1 i zer t r i a l .  Satyanarayana ( 1978 ) in a 

f e r t i l i z e r  cum v a r ie ta l  t r i a l  with C 1036 and T -12  sesamum in 

the sandy loam so ils  of T iru p a ti  under i r r ig a t e d  condit ions 

obtained increased seed and o i l  y ie ld  with increase in  applied 

potassium at lower levels of nitrogen and spacing*

In another study by Rao (1979), application of 40 and 

80 kg I^O/ha to groundnut ,TMV-2 gave 19*3/° and 24.9/0 increased 

y i e l d  over c o n tro l .

Sadanandan and Sasidhar (1979) in  a f e r t i l i z e r  study 

with sesamum v a r ie ty  Kayamku-lam-1 in the red loam soils  of 

Vellayani observed that application of 0-45 kg K20/ha did not 

affect the seed yields*

Effect  of applied potash on qu a li ty  a ttr ibutes  

O i 1 content

Brady and Colwell (1945) reported that the o i l  content 

of large seeded type peanut was not affected by potash a p p l i ­

c ation .  Singh et aj. (I960) found that the seed oil  content 

of sesamum v a r ie ty  Agra local was improved by applied potassium.] 

Maini et a l  (1965) reported that o i l  content of  mustard was not 

affected by potash app lica tio n .  In another study by Gupta
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and Das (1973) the o i l  content of rape seed was not found 

to be affected by applied potash. Application of potash at 

kg/ha increased the o i l  content over no potash and the 

response was found to be greater in the presence of phosphorus 

in  groundnut grown in  the flood pla in  s o i ls  of Bangladesh 

(Bhuiya and Choujdhary, 197^+)- Increased levels of potash 

tended to reduce the o i l  content of sesamum in a pot culture  

study (Mitchell  et aj_ 197*0* Gupta and Friend (1975) obtained 

increased o i l  content in white mustard with  higher levels of 

potash in a pot culture  study. Stoyanova et a l  (1975) obtained 

increased o i l  content due to  applied potassium in sunflower 

seeds. Hevenko (1 9 7 7 ) noticed that d if f e re n t  combinations of 

n itrogen, phosphorus and potassium d id  not favour an increase 

in the o i l  content of sunflower.

Protein content

Quilantan -  V i l la r e a l  ( 1969) observed a decrease in protein 

content by potash application in sesamum. Sim ilar  results were 

obtained by Bhuiya and Choudhary (197*0 in groundnut. The 

protein content was found to decrease when the applied potassium 

was increased from zero to H . 8 kg/ha in  th is  study. Mitchell el 

(197*0 in  a sand cu lture  study observed an increase in protein 

content coupled with a decrease in  o i l  content due to applied 

potash in  sesamum. From a similar  study wi th sesamum the same 

authors in 1976 concluded that application  of potash increased
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the individual  protein amino acids in the seed meal of sesamum 

due to increase in  protein concentration. Potash deficiency 

resulted in the accumulation of free amino acids coupled with 

a decrease in protein content suggesting potash is  required 

for the proper u t i l i s a t i o n  of amino acids in protein synthesi s.

E ffect  of applied potash on the content and uptake of nutrients

Habeebullah et al. C1977) from a pot c u ltu re  study in red 

and a l l u v ia l  s o i ls  demonstrated that the nitrogen content of  

haulm was increased and that of kernel was decreased when potash 

was applied between 0 and 100 kg/ha in sesamum» However, the 

resu lts  were not s t a t i s t i c a l l y  s ig n if ic a n t !  but the highest 

level of potassium increased the nitrogen content of haulm. 

Hebeebullah et al (1977) based on a pot c u ltu re  study reported 

that potash application recorded higher phosphorus content in 

haulm and kernel in sesamum when applied at 0,50,.100 and 150 kg/h 

The uptake of nitrogen was found to be increased with applied 

potash at 0fr4o„80 kg K^O/haih.i r r i  gated groundnut, v a r ie ty  TMV-2 

(Rao,. 1979). The uptake of phosphorus in i r r i g a t e d  groundnut 

v a r . '  TMV-2 was found to be enhanced when potash was applied at 

0,40 and 80 kg K20/ha during rabi 1977-78 and k h a r if  1978 

(Rao„ 1979)* Rao (1979) also reported increased uptake of 

potash in i r r ig a t e d  groundnut v a r ie ty  TMV-2 under the influence 

of potash. Reddy and Narayanan (1983) studied the concerntration 

o f  potash in plant parts of sesamum and found that the n u tr ie n t
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concentration in  a l l  vegetative plant parts increased u n t i l  

6 weeks after sowing followed by a gradual decline towards 

m aturity .  Remobilisation of nutrients  occurred from leaf,  

stem and root to the pods during the reproductive phase.

The n u tr ie n t  concentration in the leaves were higher than the 

reported c r i t i c a l  concentration th r o u g h o u t  the growth period, 

in d ic a t in g  that the n u tr ie n t  status of the crop was more than 

s u f f ic ie n t .  Reddy et aj. (1983) indicated that uptake of potash 

in groundnut was maximum when i t  was applied basally at the 

rate of ^0 kg/ha in 1980 and 25 kg/ha in the year 1981.
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MATERIALS AND METHODS

The present in v e stig a tio n  was undertaken with  the 

o b jective  of studying the n u t r i t io n a l  requirement of sesamum 

v a r .  Thi lothama under condi t j io n s  of p a r t ia l  shade and also 

to investigate  the e ffe ct  of nitrogen, phosphorus and potash 

on the growth, y ie l d ,  q u a l i t y ,  chemical composition and uptake 

of mineral n u tr ie n ts .

1. Materials

1 . 1 , Experimental s i t e s The experiment was conducted in  the 

Instruct io n a l  Farm attached to the College of A g r ic u ltu re ,  

V e l la y a n i .  The College is  located at 8°N la t itu d e  and at 

an a lt i tu d e  of 29M above mean sea le v e l .

1.2.  Sc»i 1: The soil  of the experimental area is  red loam with 

the fo llowing  physico -  chemical pro p ert ie s .  Data on the 

analysis of the soil  before s ta rt in g  the experiment are given 

below.

A. Mechanical composition

Coarse sand {%) . .  13.70

Fine sand (%) 33.Ao

S i l t  (%) . .  28.00

Clay {%) . .  2A.90
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B. Chemi cal composi t i  on

Total Nitrogen • • 0.077%

Available  P205 *. kl.kS kg/ha

Available  i^O . .  ^0.00 kg/ha

1 .3 .  Cropping h isto ry  of the f i e l d

The experimental area was ly ing  fallow for three 

months p r io r  to the present in ve stiga tio n  and before that 

i t  was under a bulk crop of Guinea grass.

l y A v - Season: The experiment was conducted during kharif

season of the year 1982- 8 3 *

1*5*' Weather condi ti  ons: Data on maximum temperature,

r a i n f a l l  and r e la t iv e  humidity during the e n t ire  crop 

season were collected from the meteorological observatory 

of the Instructional Farm and presented as weekly averages 

in Appendix I and in  F ig .  I .

In general the weather conditions were favourable for 

the satisfactory  growth of the crop.

1.6.  V a r ie ty : The v a r ie ty  used for the study was Thilothama.

I t  is  a cross between PT-58-35 and Kayamkulam-I. This v a r ie ty  

matures in  about 75-80 days. The average y ie l d  is  about 

250-300 kg/ha. The seeds were obtained from the Rice Research 

Sta t io n ,  Kayamkul am.
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1.7* Ferti  l i  2ers:  F e r t i l i z e r s  with the fo llow ing  analysis

were used for the experiment*

Urea . .  46 percent N

Super phosphate . .  16 percent

Muriate of potash .• 60 percent K20

2 * Methods

2 . 1 . DetaiIs  of treatments

The treatments consisted of fa c to r ia l  combinations 

of three levels of Nitrogen, three levels of phosphorus 

and three levels of potash*

Levels of nitrogen

Levels of phosphorus

Levels of potash

no 0 kg N/ha

nl -  20 kg N/ha

n2 -  40 kg N/ha

Pq 0 kg P20 ^/ha

Pi -  15 kg P205/ha

p2 -  30 kg P2 0^/ha

ko 0 kg K20/ha

kl -  20 kg K2 0/ha

k 2 -  4o kg K20/ha

2*2 . Design and layout

The experiment was la id  out in a 33 fa c to r ia l  design
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with two re p l ic a t io n s .  The crop was raised in  shade under

the f u l l y  grown coconut garden. The higher order in te ra ct io n  
2 2NPK and NP K were p a r t i a l l y  confounded in r e p l ic a t io n  

I and I I  respective ly .  The a llo ca tio n  of various treatments 

to d iffe re n t  p lo ts  was done using randan numbers. The 

layout plan is  shown in P i g . 2. The d e ta i ls  of  layout are 

furnished below.

Gross p lot  size . .  5 x  3 M

Spacing . . .  20 x 20 cm

Border rows . . 2

Net p lo t  size . .  4.6  x 2.6 M.

Total number of  p lots  .♦ 54

Number of blocks p e r -

re p l ic a t io n  . . 3

Replications . . 2

For chemical analysis studies, one row was selected 

after  leaving two border rows on the three metre side and 

again one border row was l e f t  in the inner side. Two pl-ants 

were l e f t  in  the sampling row as border fo r  subsequent sample 

c o l le c t i  on.

2 .3 .  F ie ld  cul tu re

2.3.1 . Preparation of main f i e l d

The experimental p lo t  was dug twice, stubbles removed, 

clods broken and the f i e l d  was la id  out in to  blocks and plots.
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2 . 3 . 2 .  F e r t i 1i zer  appl ication
■*

The treatrrents were arranged in  the plots 

according to random numbers. F e r t i l i z e r  applications 

were made as per the various treatments. Nitrogen as 

urea, phosphorus as superphosphate and potash as 

muriate of potash were applied to d if f e re n t  plots in 

appropriate quantit ies according to the treatment 

schedule. Basal dose was applied one day p r io r  to 

sowing and top dressing was done 35 days after sowing.

2.3*3* Seeds and sowinq

The seeds were dibbled in  l ines at a spacing 

of 20 x 20 cm.

2.3.A-. After cu 1 t iv a t io n

Thinning and in ter  c u ltu ra l  operations were done 

15 days after  sowing. The second in t e r c u lt u r e  and 

weeding v/ere done 25 days after  sowing.

2.3.5* Plant protection

BHC 10% was applied to control the leaf and pod 

c a t e r p i l l a r  during the flowering period.

2 .3 .6 .  Harvesti nq

The crop was ready for harvest in  81 days after 

sowing. Harvesting was done by p u l l in g  out the plants.  

Then the root portion was cut and the plants v/ere bundled 

and stacked for 3 to 5 days. Later the bundles were



spread in  the sun and beaten with st icks  to break 

the capsules. Drying and threshing were continued 

for three days more.

Observations recorded

The fo llowing observations were recorded. 

Growth characters

1. Height of plants

2. Number of leaves per plant

3. Number of branches/plant and time of

bran chi ng.

Number of nodes/plant

5. Leaf Area Index

6. Dry matter production.

Y ie ld  and y ie ld  components

1. Tims of flowering

2. Number of capsules/plant

3. Y/eight of capsules/plant

ko Percentage of capsule set

5. Number of seeds/capsule

6. Seed weight/plant 

7* 1000 seed weight

8. Seed y ie ld

9* Haulm y ie ld

10. S h el l in g  percentage

11. Harvest Index.

Chemical Analysis
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3*3*1. Quality  c h a ra c te r is t ic s

1. Protein content of seeds

2. O i 1 content 

3* O il  y ie ld .

3 .4 .  Plant Analysi s

Plant components v/ere analysed for the 

n utr ients  on 30th day after sowing ( f lo w e r in g ) ,  

60th day (cessation of f lowering) and at harvest.

3 .4 .1 .  Hitrogen content in d iffe re n t  components

i .  Percentage of nitrogen in seeds 

i i .  Percentage of nitrogen in haulm

3 . 4 . 2 .  Phosphorus content in d i f f e r e n t  components

i .  Percentage of phosphorus in  seeds 

i i .  Percentage of phosphorus in haulm

3 .4 .3 .  Potash content in  d iffere n t  components

i .  Percentage of potash in seeds

i i .  Percentage of potash in haulm 

3*4.4. Uptake of nitrogen by d iffe re n t  components 

i • Uptake of ni trogen by seeds

i i .  Uptake of nitrogen by haulm 

i i i .  Total  uptake of nitrogen by the p la n t .

3.4.5* Uptake of phosphorus bv d if f e r e n t  components

i . Uptake of phosphorus by seeds

i i .  Uptake of phosphorus by haulm 

i i i .  Total  uptake of phosphorus by the p lant.
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A. Sampling procedure

Observations on the growth characters l ik e  

height, number of branches, number of pods per plant 

e tc .  were taken from 12 plants from each p lot  at 

f lowering (30th day),  at cessation of flowering (60th day) 

and at harvest* Twelve rows were selected at raddom 

after  eleminating the border rows and one plant from each 

row was selected at random asthe observational p lant.

For chemical analysis studies f iv e  plants were uprooted 

at a stretch from the 3rd row after  e lim inating  two border 

rows from the three metre long side of the p lo ts .  These 

plants were used for determining the dry matter productior 

and for chemical analusts at flowering and at cessation 

of flowering* At harvest, f ive out of the twelve 

observational plants were used for dry matter estimation 

and chemical analysis*

5* Details  of observation 

5»1• Height of plants

Twelve plants from each p lot  were selected 

at random and tagged. The height of the plants from 

the ground level to the growing t i p  was measured 

in centimetres and the average height per plant was 

worked out and recorded. Observations were recorded
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on the same plants at the three growth stages, namely 30th day, 

60th day and at harvest.

5 -2 .  Number of  leaves

The number of leaves of the observational plants were

recorded at 30th day, 60th day and at harvest,  and the average 

nUmber of leaves per plant was then worked out and recorded.

5*3. Number of branches

The number of primary branches seen on each of the

twelve observational plants were counted and the average number 

per plant was worked out and-recorded.

5*^.. Number of nodes

The number of nodes seen on each of the tv/elve obser­

vational plants were counted and the average number per plant

was worked out and recorded.

5*5* Number of pods per plant

Humber of pods per plant was recorded at harvest 

on the sample plants and the average was worked out.

5*6. Number of days taken for flowering

The number of days taken for flowering was observed

and recorded for a l l  the observational plants and the average

number of days taken for flowering was then calculated and

recorded.

5-7* Total dry weight of plants

Five sqmple plants uprooted at 30th and 60th day 

after sowing were used for the determination of dry weight.



At harfeest, the observational plants were used for 

the dry weight estimation. The samples were dried 

in  a hot a i r  oven at a temperature of 7 0 °C, for  three 

days and then dry weights were recorded. At harvest, 

pods were separated from the plants.  The pods were 

al so separated into  seed and shell  after drying and 

th e ir  a ir  dry and oven dry weights were determined 

separately. For ca lcu lat in g  the total dry weight at 

harvest,  the weight of pods was added to the weight 

of stem and leaves.

5®8. Drv weight of seeds

At harvest, pods from the sample plants were 

col lected and they were separated in to  seeds and shell 

after  drying and the dry weight recorded.

5«9* Drv weight of stover

This  was recorded from the dry weight of the sample 

plants after separating the seeds at harvest.

5 .10»Weiaht of capsules/plant

Total dry weight of capsules produced by the f iv e  

observational plants was recorded and the mean weight 

per plant calculated.

5 .1 1 .Number of capsules per Plant

Total number of capsules produced by the f iv e  

observational plants at harvest was counted and the average 

worked out.
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5*12. Number of seeds/capsule

Total number of seeds in each capsule was counted 

and the average per capsule worked out.

5*13* Seed weight/plant

Seeds from f iv e  sample plants of each p lot  were 

separated and the dry weight recorded afte r  oven drying 

at 70 + 10°C t i l l  a constant weight was obtained. From 

tb is  average seed weight per plant was worked out.

5*14. 1000 grain weight

From the produce obtained from the ten observa­

t ional p lants,  200 seeds were counted and th e ir  weights 

recorded after  oven d ry in g .  Test weight was expressed as 

1000 seed weight in grams.

5*15. Seed y ie ld

Crop was harvested from the net p lo ts ,  threshed, 

winnowed and cleaned. Grains were sundried and weight 

recorded. Y ie ld  was estimated in kg/ha. The y ie ld  of 

observational plants was also added to the net p lo t  y ie l d .

5*16. Haulm y ie ld

A ir  dry weight of the plants from the net plots 

after separating the seeds was recorded. A ir  dry weight 

of haulm of the observational plants was also added to 

the net p lo t  weight to  get the haulm y ie l d .  Haulm y ie ld  

was estimated in  kg/ha.



5*17* Shell ing  percentage

Shell ing  percentage was calculated from the

dry weight of grain and dry  weight of pods of the

observational plants as fo llow s.

S h ell ing  percentage = Dry weight of seeds x 1 QQ
Dry weight of pods

5*18* Harvest Index

Harvest Index was calculated as follows

Harvest Index = Y econ where

Y biol

Y econ = Dry weight of grains

Y biol = Total dry weight of plants

(excluding roots)

The f iv e  observational plants selected fo r  chemical 

analysis at harvest were used for c a lc u la t in g  the 

harvest index.

6. Chemical analysis

Plant samples collected for recording dry 

weight at 30th day and 60th day of sowing were used 

for chemical analysis studies. At harvest,  the 

observational plants were used for chemical analysis.

At harvest, the sample plants were separated in t o  seeds 

and haulm and analysed separately. The d if f e re n t  com­

ponents were oven dried to constant weight and powdered

4Q



for the estimation of total n itrogen, to ta l  phosphorus 

and total  potash contents.

Total Mi trogen content

Total nitrogen was estimated by modified micro-  

kjeldahl method as given by Jackson 11967)

Uptake of nitrogen

Th is  was calculated from the nitrogen content of 

the plant and the total  dry weight of the sample plants 

for the three stages of growth. At harvest, the uptake 

by the haulm and grains were added to get the total  uptake. 

The uptake values were presented in  kg/ha.

Total phosphorus content

Phosphorus content was estimated c o lo r im e t r ic a l ly  

(Jackson, 1967) after set digestion of the sample using 

2*1 mixture o f  n i t r i c  acid and p erchlo ric  acid and deve­

loping colour by the vanado-molybdo-phosphoric yellow 

colour method and read in spectronic 20«

Uptake of phosphorus

This was estimated from the phosphorus content and 

the dry weight of the components. Uptake by haulm and 

grains were added to get the total uptake at harvest.

Total potash content

Total  potash content in  plant was estimated by flame 

photometric method, after  wet digestion of  the sample 

using d i -a c id  mixture.



6 . 6 .  Uptake of potash

T h is  was calculated from the potash content and the 

dry weight of the compoents. Uptake by grain and stover 

were added to get the to ta l  plant uptake at harvest.

6.7* 011 content

Oil  content of oven dry seeds was estimated by 

Soxhlet extraction using petroleum ether of b o i l in g  point 

60-80°C. (Chopra and Kanwar, 1976)

6 .8 .  Oi 1 y ie ld

This  was calculated from the o i l  content and the total 

dry weight of seeds.

6.9* Protein content

The percentage of protein was calculated from the 

percentage of nitrogen using the factor 6 .2 5  (Simpson et al 

1965)-  

6 .10 .  Soi l  analysis

Soi l  samples were taken from the experimental area 

before and after the experiment. The so i l  samples c o l le ­

cted were analysed for total n itrogen, available  phosphorus 

and available  potash contents. Total  nitrogen content was 

estimated by the modified m icro-kjeldahl  method. Available  

phosphorus content was estimated by Bray's  method (Jackson, 

1967) and a va ila b le  potash by amonium acetate method 

(Jackson, 1967).
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7• S t a t is t ic a l  a n a ly s is

Data on y ie ld ,  y ie ld  a t t r ib u te s ,  growth characters
■»

and those on chemical analysis  were analysed by employing 

the technique of analysis of variance for p a r t i a l l y  con- 

founded 3 fa c t o r ia l  experiment and s ignif icance  was tested 

by F -  test (Cochran and Cox, 1965)*



RESULTS



RESULTS

The resu lts  of the study on NPK n u t r i t io n  of 

sesamum are presented below*

A. Growth characters

1 • Height of plants

The data on the mean height of plants are presented

in  Table 1 and the analysis of variance in  Appendix I I*

I t  is  seen that increasing levels of nitrogen 

increased the height of plants at a l l  stages of growth, 

e s p e c ia l ly  at 60th day after  sowing and at harvest* The

difference between the two le v e ls ,  v iz*  20 and 40 kg N/ha

was s ig n if ic a n t  only at 60th day after  sowing although a 

trend of s l ig h t  increase was shown at other stages*

Phosphorus did not show any s i g n i f ic a n t  influence 

on the height at any of the stages.

Application of potassium at the rate of 20 kg/ha 

increased the height of plants s i g n i f ic a n t l y  over the 

control plants* But further  increase in  the rate  to  4o kg/ha 

showed a s l ig h t  decrease in  the height of plants at a l l  the 

stages of  growth*



Table  1* E ffe c t  o f  various le v e ls  o f  N,P and K n u t r i t io n  on Height 
o f  p lants  at d if f e re n t  stages

30th day a fte r  sowing 60th day a fte r  sowing Harvest

°b " l n2 Mean 
p or k n0 °1 n2 Mean 

p o r k n0 n1 n2 Mean 
p o r  k

po 10*36 11*81 11*34 11*17 39*06 47*83 48*84 45*24 68*94 75*90 76.83 73*89

P1 11*48 11 *55 12*15 11*72 43.78 48*71 55*51 49*33 73*60 74.90 82*99 77*16

P2 10*84 11*06 14*13 12*01 40*74 48*97 35*92 48*54 69*03 80.62 85*33 78*52

K0 10.30 10«06 9*91 10*09 *34*35 44.78 47*35 42*16 66.100 72.50 75*34 71*28

K1 11*72 12*16 13*70 12*53 45*30 53*81 57*24 52.12 73*42 81 *69 84*44 79.85

K2 10*66 12*19 14*01 12*28 43*94 46.91 55*67 48*84 72*15 77*22 85*37 78.24

M&'an
(N) 10*89 11*47 12.54 41*12 48*50 53.42 70*52 77*i 7 81*71

“ o

K1

P0
8.73

12*66

PI
9*77

12*82

P2
11*77
12*11

10*09
12*53

P0
35*91
54.31

PI
46*78
50*18

P2
43.80

51*85

42*16
52*12

P0
69*67
79*48

PI
72.07
80*59

P2
72.10
79*49

71 *28 
79*85

K2 12.12 12*58 12*16 12*28 45*51 51 *03 49*98 48*84 72*152 78.83 83*38 78.24

CD fo r  comparison o f means
30th_day 60th_day Harvest

(1 )  N, P o r  K 1*880 4*616 6.519
(1 1 ) NP, NK or PK

combination 3*257 7*995 11*2912



45

The various treatment combinations did not show 

any profound influence on the height of  plants at any 

of the growth stages*

2* Number of leaves per plant

The number of leaves recorded at d if f e r e n t  stages 

of observation are presented in  Table 2 and th e i r  analysis 

of variance in  Appendix I I *

The number of  leaves produced at the f i r s t  and last 

stages was not s i g n i f i c a n t l y  influenced by the a pp l ic a t io n  

of nitrogen though the number increased s l i g h t l y  during 

the above two stages* At the second stage of observation 

a s ig n if ic a n t  increase in  the number of leaves produced 

was observed; but with no difference between 20 and 

^0 kg N/ha*

Phosphorus application did  not show any s ig n i f ic a n t  

difference in  the number of leaves produced by the plant 

at any of the growth stages. Application of  phosphorus 

beyond 15 kg/ha showed a s l ig h t  decrease in  the number of 

leaves produced during the second and last  stages of crop 

growth.

Although increasing levels of  potassium increased 

the number of leaves at a l l  stages, s ig n i f ic a n t  increase 

was observed only  at the 30th day after sowing.



Table 2* E ffe c t  o f  various leve ls  o f N, P and K n u t r i t io n  on number of leaves 
a t d if f e re n t  stages*

30th day a fte r sowing 60th day a fte r  sowing Harvest

n0 nt n2 Mean 
P or K no n1 n2 Mean 

p or K n0 n1 n2 Mean 
P or K

po 8*69 9*34 9*17. 9*07 14.77 15*70 17*06 15*84 23.84 23*38 25*10 24*11

p1 9*17 9*51 9*58 9*42 15*58 16*38 17.75 16.57 24*97 22*56 26*34 24*62

P2 9*14 9*05 9*99 9*39 15*21 17*92 18*42 17*19 21.89 25*66 26*01 24*52

K0 8*92 8*84 8*51 8.75 14*69 16*01 15*96 15*55 22*85 23.43 24*63 23*64

K1 9*10 9*65 10*33 9.69 15*40 17*20 18»o4 16*88 23*56 23*69 25*91 24*39

k 2 8*98 9*42 9*91 9*44 15*48 16*81 19*25 17*18 24*29 24.49 26*91 25*23

Mean
W 9*00 9*30 9*58 15*19 16.67 17*74 23.57 23.87 25*82

-

P0

K0 8.13

P ™  ?'2 

8*88 9*25

_ _

14.59 15*51

_ _

16*55 24*88 23*12 22*91
-

K1 9*76 9*77 9*55 ■ 16*48 17*88 16*27 24*45 25*03 23.67

K2 9*31 9*62 9*38 16*46 16*31 18*74 22*99 25*72 26*98

CD fo r  comparison o f means
30th dav 60th dav Harvest

( i )  N, P or K 0*480 1*689 3*733
( i i ) NP, NK o r PK

combination 0*832 2*925 6*466
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None of the In te ra c tio n  effects  was found to be 

si gni f icant*

3. Number of branches per plant

The number of branches recorded at 60th day and at 

harvest are given in  Table 3 and the analysis of variance 

in  Appendix I I I *

The data revealed that there was s ig n i f ic a n t  effect  

of  applied nitrogen on the number of branches produced per 

p la n t .  There was a marked increase in  the number of branches 

produced by an a pplication  of ^0 kg N/ha over the level of 

20 kg N/ha.

Phosphorus and potash app lica tio n  could not produce 

any s ig n if ic a n t  favourable influence on the number of 

branches per p la n t .  Instead, both of  them produced a 

depressing e ffe c t  on th is  character when a pplication  rate 

of phosphorus and potash exceeded from 15 to  30 kg/ha and 

20 to 40 kg/ha re sp e ct ive ly .

Interaction  e ffe c t  was also not found to be 

si gni f i c a n t .



Table 3* E ffe c t  o f  various le ve ls  o f  N, P and K 
n u t r i t io n  on number of branches at 
di ffe re n t  stages*

6oth day a fte r  sowing Harvest

no " l n2 Mean P or K Ho nl n2 Mean P or K

po 1*76 1*83 2*13 1*91 2*11 2*11 2*50 2.24

PJ 2*32 2*08 2.97 2*45 2*68 2.41 3*12 2.74

P2 1.79 2*23 2*45 2.16 1*91 2.55 2.81 2.43

•V 1 *89 1*80 2.30 1*99 2.27 2.22 2*64 2.38

K1 2*23 2*29 2*54 2*35 2.44 2*34 2.73 2*51

K2 1.75 2.05 2*72 2.17 1*98 2*51 2.07 2*52

Mean
(N) 1*96 2*05 2*52 2*23 2.36 2*81

P0 P1 P2 P0 P1 P2

K0 1*62 2*44 1*93 1*99 2*05 2.82 2.26 2.38

K1 2.09 2*69 2*27 2*35 2.12 2.97 2.43 2.51

K2 2.01 2*23 2*27 2*17 2*54 2*43 2*60 2*52

CD fo r  comparison of means

60th dav Harvest
( f )  N, P or K 0.457 0.402

< i i )  NP, NK or PK 0*792 697
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Number of nodes per plant

Data on number of nodes per pi a i t  at three stages 

of observation are presented in Table k and analysis of variance 

in Appendix I I I *

I t  was found that nitrogen application increased the 

number of  nodes per plant at a l l  stages of observation, but 

s ig n i f ic a n t  influence was obtained only on 6oth day after  

sowing. The levels of 20 kg and 40 kg N/ha were on per as f. 

far  as th is  character was concerned.

Phosphorus had no s ig n i f ic a n t  influence on the number 

of ncdes per plant at any stage of observation.

However, s ig n if ic a n t  increase in the number of nodes 

per plant was observed with the application of potash on 30th 

day after sowing. But no difference was observed between 20 an 

kQ kg K20/ha.

None of the in tera ct io n  effects were found to be 

si gni fi cant.

5* Leaf area per Plant

The data on leaf area per plant recorded at the harvest 

stage are presented in Tabfe 4 (a )  aidthe analysis of variance 

in Appendix I I I .

Application of  nitrogen s i g n i f ic a n t l y  influenced the 

leaf area per p la n t  a t  harvest. The highest dose of



Table 4. Effect  of  various levels of  N, P and K on number of  nodes at d if f e r e n t  stages

30th day after sowi ng 60th day after  sowi ng Harvest

nQ nl n2 Mean 
P or K n0 n1 n2 Mean 

P or K n0 n1 n0 Mean 
z P or K

po 4.34 4.67 4.58 4.53 7.38 7.85 8.53 7-92 11.92 11.70 12.55 12.05
p, 4.58 ’4.75 4.79 4.71 7.79 8.19 8.9 8.29 12.49 11.27 13.17 12*31

P2 4.57 4.52 4.99 4.69 7.61 8.96 9.17 8.58 10.95 12.83 13.01 12.26

K0 4.46. 4.42 4.25 4.37 7.34 9.0li 7.96 7.77 11.43 11.71 12.32 11.82

K, 4.55. 4.82 5.16. 4.84 7.70 8.60 9.01 8.44 11.78 11.85 12.96 12.20

K2 4.49 4.71 4.93 4.72 7.74 8.40 9.62 8.88 12.115 12.23 13.46 12.61

Mean (N )4 .  50 4.65 4.79 7.59 8.33 8.86; 11.79 11.93 12.91i

po h P2 P0 P1 P2 P0 P1 P2

Ko 4.66. 4.44. 4.62 4.37 7.30 7.78 8.23 7.77 12.44. 11 *56. 11 *46 11.82

K1 4.88 4.88 4.77 4.84 8.24 8.94 8.13 8.44 12.22 12.52 11.84 12.20

K2 4.65 4.81 4,69 4.72 8.23 8.15 9.37 8.88 11.50 12.85 13.49 12.61

CD for  comparison of  means
30th dav 60th dav Harvest

( i )  N, P or K 0.240 0.852 1.864
( i i )  NP, NK or PK

combination 0.416 1.476 3.228



Table if (a) Leaf Area at harvest

Levels of 
Phosphorus of 
Potash

Levels of nitrogen or phosphorus

nO nl n2 Hean P or K

pc 141.75 132.41 153.85 142.67

P1 135.45 136.04 198.53 156.68

P2 131.21 133.05 194.61 152.95

K0 137.00 133.32 175.97 148.76-

K1 132.67 134.781 182.17 149.88

K2 138.7^ 133.39 188.84 153.66

P0 P1 P2

Ko 134.74 155.51 156.04 148.76'

K1 146.80 156.92 145.90 149.88

k 2 146.47 157.59 156.91 153.66

CD for comparison among N, P or K = 8.88 

CD for NP, NK, PK combination = 15*38
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nitrogen recorded the maximum leaf area*

Phosphorus application also had s ig n if ic a n t  influence 

on the leaf area and the highest value was recorded with the 

application of 15 kg P205/ha. Application of phosphorus 

beyond 15 kg showed a depressing trend on the leaf area of 

plants*

Potash application did not produce any s ig n i f ic a n t  

in f lu en ce  on th is  character*

Among the various in tera ct ion s  only NP combination 

expressed s ig n i f ic a n t  influence recording the highest value 

with  n2Pj followed by njP2*

6* Drv matter production

Data on dry matter (kg/ha) produced at d if f e r e n t  

stages of  observation are presented in Table 5 and the 

analysis of variance in  Appendix V I I I*

Application  of nitrogen increased the dry matter 

production s i g n i f i c a n t l y  and the highest production of dry 

matter was recorded with the highest level of nitrogen a t  

a l l  stages of the growth of  the plant*

Increasing levels of phosphorus also increased the 

dry matter production s i g n i f i c a n t l y  at a l l  the stages of 

growth. The highest production of dry matter was recorded



Table 5 .  E ffe ct  of  var ious levels  o f  N, P and K n u t r i t i o n  on drymatter 
Production at d i f f e r e n t  stages*

30th day afte r  sowing 60th day a fte r  sowing Harvest

- n0 n1 n2 Mean 
P or K no n1 n2 Mean 

P or K no nl n« Mean 
2 P o r  K

po
pl

164*02

175*14

176-07

198*30

202-08

240*79

180*73

204*74
952*91
951*21

1122.95

1204.38

1230.25

1435-11

1102.04

1196*90

1017*00 

1034.46

1102-65 1068.03 1062.5* 

1077.89 1238.99 U17*0<

P2 189*61 228-22 231*09 216.31 959*81 1249*24 1385-74 1198.26 1080.60 1133*19 1200.38 1128.0*

*0 160*41 185*14 218*62 188*06 949*32 1135*98 1274*27 1119*86 1013.53 1145*88 1127*39 1095*6f

*1
k2

176*06

192*29
199-57
217*88

224*95
230.40

200.19 
2 #3 • 52

955*71
958.90

1216*55
1224*04

1362*15 
1414.68

1178.14
1199*21

1034.72 
1053.82

1102.22
1065*56

1183.11 1106.6J 
1196.90 1105*4:

■fean
(N) 176*26 200.87 224*65 954*64 1192*19 1350*37 f : o y  55 1169.13

Ko

P0

165*99
P1

190*12
P2

208*06 198*06
V

1039*02
pr

1152*19

P2 
1168 *-36 1119*86

P0 P1 P2 
.1075.93 1106.95 1104.31 1095*6(

Kl 182*93 203*76 213.89 200*19 1114.26 1230*49 1189*66 1178.14 1043*99 1142*31 1133.76 1 106 . 6 :

K2 193*24 220*35 226*97 213*52 1152*84 1208*01 1236*78 1199*21 1067*76 1102.42 1146.10 1105*4:

CD for comparison of means
30th day 60th dav Harvest

( i )  Nf P or K 5*101 1i .073 31*769
( i i )  NP, NK or PK 8.836 19*179 55*023
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by the highest level of phosphorus application at .30th day 

of sowing. But there was no difference between 15 kg/ha 

and 30 kg/ha of applied phosphorus in the later  stages with 

respect to the dry matter production.

Potassium application also exerted s ig n i f ic a n t  

influence on dry matter production. Increasing levels of  

potassium application increased the dry matter produced 

only Upto the 2nd stage, but increasing the level further 

to  ko kg K20/ha shewed a s l ig h t  decline in  dry matter 

production during the 3rd stage.

<3 2
Among the various in te ra c t io n s ,  HP, NK, NPK, NPK
2

and NP K produced s ig n if ic a n t  influence on the production 

of dry matter in the f i r s t  stage of observation.

In the 2nd stage of observation the in te ra c t io n s ,  NP, 

NK, PK, NPK2, NP2K and NP2K2 showed s ig n if ic a n t  influence on 

the dry matter production o f  the cro p.

The in teractions NP, NK and NPK2 showed s ig n if ic a n t  

influence in the harvest stage of  the crop. Among the 

various NP intera ction s  n2P2 recorded the highest value and 

n2k2 recorded the highest value among the NK in te ra c t io n s .

B. Y ie ld  and y ie ld  a ttr ib u te s

1• Number of capsules per plant

Bata on the number of  capsules per plant a t  harvest 

are presented in Table 6 and the analysis of variance in 

Appendix V.



Table 6. Number of capsules per p la n t .

Levels of 
phosphorus or Levels of nitrogen or phosphorus

potash
• i l 

i
! 

<? 
1 

i 
i 

i 
i 

i 
i

i 
i

n1 n2 Mean P or K

po 10.00 11.16 12.16 11.11

P1 10.66 11.16 12.33 11.38

P2 11.16 10.5 12.16 11.27

K0 10.83 10.83 12.50 11.38

K1 10.83 11.66 13.00 11.66

K2 10.66 10.33 11.16 10.72

Mean (N) 10.61 10.91* 12.22

. v . - _ Pl _ P2 ~

Ko 1 1 e66 10.83 11.66* 11.38

K1 11.33 12.16 11.50 11.66

K
2 11.16 10.33 10.66 10.72

CD for comparison among M, P or K = 1.155

CD for NP, NK, PK combination . = 2.000
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The number of  capsules produced by the plant 

increased s i g n i f ic a n t l y  with  increase in  the levels  of 

nitrogen* S ig n if ic a n t  difference was observed between 

,the levels 20 and 40 kg N/ha®

The number of capsules per p lant  was seen not 

affected by the application of phosphorus and potash.

However, there was an increasing trend with increasing 

levels of phosphorus and potash upto 15 kg/ha and 20 kg/ha 

re sp e ct ive ly  while further  increase to 30 kg/ha and 40 kg/ha 

revealed a depressing trend in  the number of  capsules.

None of the intera ct ion s  was found to be s i g n i f ic a n t .

2.  Weight of capsules per plant

The data on the weight of capsules per plant are

presented in  Table 7 and the analysis of variance in  

Appendix V«

Increasing levels of nitrogen increased the weight 

of capsules per p la n t .  However, th is  increase was not 

s i g n i f i c a n t .

Application of phosphorus and potassium increased

the weight of capsules per plant upto 15 kg/ha and 20 kg/ha

respective ly  and only  a s l i g h t  decrease was observed with 

a further  increase to 30 kg/ha and 40 kg/ha each re sp e ct ive ly .



Table 7* Weight of capsules (g )  per p la nt

--------------------- --------‘-------- ----------- —— —

Levels of phosphorus 
or notash

Levels of Nitrogen or Phosphorus
VI /̂V W61JH

no n1 n2 Mean P or K
----- — --------------- --— — ----------------- —-

- 0 , 6*61 6.81 7*21 6.88

P1 6.75 7*29 7.77 7*27

P2 7*05 6.55 7.19 6.93

Ko 7*07 6.66 7*6^ 7*12

K1 .
6*80 7.00 7.36 7*06

k2 6*78 6.76 7.18 6*91

Mean (N) 6*81 6.88 7.39

P0 P1 P2

Ko 6.39 7.28 7.19 7.12

K1 6.87 7.39 6.91 7.06

K2 6.87 7*15 6*69 6*91

CD for comparison among N, P or K = 0*507 

CD fo r NP, NK, PK combination * 0*878
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The e ffe ct  of the treatment combination NPK 

was found to be significant®

3* Number of seeds per capsule

The data on number of seeds per capsule are given 

in Table 8 and the analysis of variance in  Appendix V*

The number of seeds per capsule i s  found to  be 

increased s i g n i f ic a n t l y  with the increase in  the level of 

ni trogen app1i cati  on«

Application of phosphorus also increased the number 

of seeds per capsule upto 15 kg/ha while a s l ig h t  decrease 

was observed when i t  was i ncreased to 30 kg/ha*

Potash application  also produced s i g n i f ic a n t  results® 

Among the various treatment combinations NP in te ra c t io n  

was found to be s ignificant* The highest value was obtained 

with n2p| combination which was on par with n2P0, n2P2 and

n0?l combinations® noPo combination recorded the lowest 

value*

Seed weight per plant

The data on the weight of seeds per plant are pre­

sented in  Table 9 and the analysis of variance in  Appendix IV* 

Nitrogen application produced s ig n i f ic a n t  influence 

on the seed weight per plant and the highest value was recor­

ded with the highest dose of nitrogen*



Table 8* Number of  seeds per capsule

Levels of  phosphorus 
or potash

Levels of  nitrogen or  phosphorus

no n1 °2
Mean P or K

po
35*98 37*01 40*78 37*92

p. 39*87 39*53 41*55 40*32

P2 36*22 39*63 40*36 38*74

K0 36.93 37*12 40*74 38*27

K1 37*39 38*58 40*89 38*96

K2 37.76 40*46 41*06 39*76

Mean (N) 37*36 38.73 40*90

P0 P1 P2

Ko 37*11 39*21 38*48 38*27

Kr 37*63 41*08 38*15 38*96.

k 2 39*03 40*66 39*6 39*76

CD for comparison among N, P or K = 1*080

CD for NP# NK, PK combination = 1*872



Table 9* Seed weight (g )  per p lant

Levels of phosphorus Levels of  nitrogen or phosphorus

no n1
i

n2 Mean P o r K

po 0*56 0.57 0.87 0.66

P1 0*62 0.71 1.14 0.82

P2 0*72 0.73 0.84 0.77

K0 0*74 0*58 1.13 0.82

■s 0*56 0*57 0.9** 0.74

k2 0*59 0*71 0.79 0.70

Mean. (N) 0.63 . 0.67- 0.95

P0 P1 P2

Ko 0*72 0*76 0.96 0.82

K1 0*66 0*83 0.73 0.74

K2 0*61 0.87 0.60 0.70

CO for conparison among ,N/P or K = 0*126

CD for NP,NK( PK combination = 0*218
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Phosphorus and potash application  did not produce 

any s ig n i f ic a n t  influence on seed weight and among the in ­

teractions NK interaction;produced s ig n if ic a n t  effect  and 

the highest value was obtained by the treatment n2kg which 

was on par w ith  n2kj combination. The value recorded a 

de clin ing  trend in  the order n jk 2, n ^ k ^  no^i > njkj*  no^o 

and f i n a l l y  nQk2G

5® 1000 seed weight

The data on 1000 seed weight recorded at harvest are 

presented in  Table 10 and the analysis of variance in  Appendix XV#

Application of nitrogen s i g n i f i c a n t l y  increased the 

1000 seed weight and the highest value was recorded with the 

highest level of nitrogen a p p l ic a t io n .

Phosphorus application also increased the 1000 seed 

weight s i g n i f i c a n t l y .  However, application of phosphorus

beyond 15 kg/ha had a depressing e ffe ct  on 1000 seed weight.

Potash a pplication  also produced s ig n i f ic a n t  e ffe ct  

on 1000 seed weight# However, there was no difference between 

20 and kO kg K2o/ha in  th is  character#

Among the various In teractions NP in te ra ct io n  produced 

S ig n if ic a n t  influence on 1000 seed weight.  Among th is  n2Pj 

was superior followed by n^p^ and n^p2 combinations®



Table 10* 1000 seed weight (g)

Levels of  phosphorus Levels of  nitrogen or phosphorus

no n1 n2 Mean P or K

po 2*32 2.45 2*45 2*40

p. 2.41 2*46 2*51 2*46

P2 2*41 2*46 2*45 2*44

K0 2*30 2*41 2*43 2.38

K1 2*40 2*46 2*50 2*45

*2 2.44 2*50 2*49 2*48

Mean (N ) 2.38 2.46 2*47

P0 P1 P2

Ko 2.33 2.41 2*41 2.38

«1 2*42 2*49 2.45 2*45

111111111111
CM 

I
iC 

I 1 1 1 1 1 1

2*46 2*50 2.47 2*48

CD for comparison among N, P or K = 0*026

CO for NP, NK, PK combination ** 0*045



6. Seed y ie ld

The data on seed y ie ld  are presented in  Table IT 

and the analysis of variance in  Appendix IV«

Nitrogen application,  produced s ig n if ica n t ,  increase 

in  seed y ie l d .  Increasing levels of nitrogen increased 

seed y ie ld  upto AO kg N/ha. However, the difference 

between 20 kg N and AO kg N per hectare was not s i g n i f ic a n t .

Application  of phosphorus also produced s i g n i f ic a n t  

increase in  seed y ie l d .  But phosphorus application  beyond 

15 kg/ha produced a s l i g h t  depression in seed y ie ld .

Potash was not found to increase y ie ld  s i g n i f i c a n t l y .  

However, application of potash upto 20 kg/ha produced an 

increase in seed y ie l d ,  while a pplication  beyond 20 kg K^O/ha 

produced a s l ig h t  decline in the y ie ld  of seed.

Among the various in te ra ct io n s ,  the treatment combi­

nations NPK, NP^K and NP^K^ were found to  be s i g n i f ic a n t .

7. Stover y ie ld

The data on stover y ie ld  are presented in  Table 12 

and the analysis of variance in  Appendix V I .

The y ie ld  of stover was s i g n i f ic a n t l y  influenced by 

the increased levels of n itrogen.

Phosphorus application also produced s ig n if ic a n t  

y ie ld  increase. However, there was no difference between

5 3



Table 11. Seed yield (kg/ha)

Levels o f  phosphorus Levels o f  nitrogen or phosphorus
i

nQ n2 Mean P or K

P0 303.00 320.00 354.83 325.94

Pj 320.33 340.16 382.00 347*60

P2 314.50 332.83 366.50 337*94

K0 315*66 317.00 375*00 335.88

K, 319*66 337.16 360.16 339.00

K2 302.50 338.83 368.16 336.50

Mean (N ) 312.61 331.00 367*77

P0 P1 P2

K0 327.50 345.16 336.83 335.88

K1 323.83 352.83 331.00 339.00

K2 326.50 344.50 346.00 336.50

CD fo r comparison among H9 P or K = 12.834 

CD fo r NPt NK, PK combination = 22f 228



Table 12.

Levels of phosphorus 
or potash

Haulm y ie ld  (kg/ha)

Levels of  nitrogen or phosphorus

n0 nl n2
Mean P or K

po 893.47 977*23 901.68 924.13

PI 896.68 927.87 1075.63 966.73

P2 921.49 1000.33 10^5.72 989*18

K0 889.89 1009.27 958.18 952.44

K1 920.12 916.44 1047.95 961.50

k2 901.66 979.73 1016.89 966.09

Mean (N) 903.89 968.48 1007.68

P0 P1 P2

Ko 938.31 956.66 962.36 952.44

K1 904.39 991.06 1002.83 961.50

K2 929.69 952.46 1002.36 966.09

CD for comparison among N, P or K = 35*478

CD for NP, NK, PK combination = 61.448
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15 kg and 30 kg phosphorus per hectare* But the highest 

stover y ie ld  was recorded by the highest levels  of phosphorus*

Potash application did not produce any s ig n i f ic a n t  

y ie ld  increase, but increasing levels of potassium tended 

to increase the. stover y ie ld  and the maximum stover y ie ld  

was recorded by the highest level of potassium*

The treatment combinations NP and NK were found to  be 

signif icant*  n2P1 recorded the highest value but was on par 

wi th n2p2«-

Among NK combinations, the highest value was obtained 

with  n2k  ̂ combination, but v/as on par with  n2k2 and ri|k0«

8* S h e l l in g  percentage

The data on sh e ll in g  percentage recorded at harvest 

are given in Table 13 and the analysis of variance in Appendix VI 

Nitrogen s i g n i f ic a n t l y  influenced the s h e l l in g  percentage, 

but there was no difference between 20 and **0 kg N/ha.

Application of phosphorus and potassium did not give 

any s ig n i f ic a n t  r e s u l t  and increasing the levels of these 

nutrients  beyond 15 kg/ha and 20 kg/ha re sp e ct ive ly  showed 

a s l ig h t  decline in the value of sh e l l in g  percentage*

The in te ra ct io n  e ffe c t  was also not found to be s i g -  

ni fi  cant*



Table 13* Shelling percentage

Levels of  phosphorus 
or potash

Levels of nitrogen or phosphorus

n0 n1 n2
Mean P or K

po 66.61 68.78 68.91 68.10

P1 68.50 68.72 69.31 68.85

P2 67.77 68.04 69 .6 5 68.49

K0 67. 46 68.27 69.39 68.37

K1 67.94 68.73 69.28 68.65

k2 67.49 68.54 69.20 68.41

Mean (N) 67.63 68.51 69 .29

P0 • P1 P2

K0 67.81 69.09 68.22 68.37

Ki 68.41 68.84 68.71 68 .65

*2 68.09 68.61 68.53 68.41

CD for compari son among N, P or K = 0.873

CD for NP, NK, PK combination = 1.513
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9* Harvest i ndex

The data on harvest Index are given in  Table 1** and 

the analysis of variance in Appendix V I «

The harvest index was s i g n i f i c a n t l y  influenced by 

nitrogen a p p l ic a t io n ,  the highest value being recorded by 

the highest level of nitrogen*
a.

Phosphorus and potash application  d id  not produce 

any s ig n if ic a n t  influence on harvest index*

NP and NK combinations produced s ig n i f ic a n t  influence 

on harvest index of the crop* n2Po nation recorded the 

highest value of 0*39 followed by n^p^ but were on par with 

n^p1 and n ^  combinations*

Among the various NK in te ra c t io n s ,  n2kQ recorded the 

highest value of 0*38, but was on par w ith  ngk^, n^k2 , n2k2 

and n2kj combinations*

C* Q u a lity  a t tr ib u te s  

0i 1 co ntent

The data on o i l  content at harvest are given in Table 15 

and the analysis of variance in  Appendix VII*

Although there was s ig n i f ic a n t  increase in  o i l  content 

with applied nitrogen the difference between 20 and kO kg N/ha 

was not si gni fi  cant*

Phosphorus application did not produce any s ig n if ic a n t  

increase in  o i l  content* Increasing levels of  phosphorus



Table 14* Harvest Index

Levels of phosphorus or 
potash

Levels of nitrogen or phosphorus

no n1 n2 Mean P or K

po 0.34 0.33 0.39 0.35

P1 0*36 0.37 0.36 0.36

P2 0.34 0.33 0.35 0.34

K0 0.34 0.33 0.38 0.35

K1 0.35 0.32 0.37 0.35

k2 0*34 0.37 0.35 0.36

Mean (N) 0.35 0*34 0.37

P0 P1 P2

K0 0.35 0.36 0*35 0.35

K1 0.36 0.36 0.33 0.35

K2 0.35 0.37 0.35 0.36

CD for  comparison among N, P or K = 0*018 

CD for NP, NK PK combination = 0*031



Table 15* Oil Content {%)

Levels of phosphorus 
or potash

no

Levels of n itrogen or phosphorus 

n2 Mean P or K

po 49*85 51.09 51 *28 50.74

P1 50.69 51.11 51 *85 51 v22

P2 50.39 50.88 51*26 50.74

K0 50il1 5 50.83 51*12 50.69

K1 50.43 51*01 51*57 51 .00

k2 50.36 50.95 51.69 50.99

Mean (N) 50.31 50.93 51.46

P0 pi P2

Ko 50.34 50.50 50.89 50.69

K1 51*25 50.86 51 .26 51.00

K2 50.64 50.86 51.49 50.99

CD for comparison among N, P or K »  0.566

CD for NP, NK, PK combination = 0*980
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increased the o i l  content upto 15 kg, while there was a 

decrease in  the o i l  content when phosphorus applica tio n  was 

Increased to 30 kg*

Potash also showed no s ig n if ic a n t  influence on o i l  

content* Here also increasing the levels  of potash increased 

the o i 1 content upto 20 kg/ha, whereas the o i 1 content 

decreased when potash app lica tio n  was increased to  40 kg/ha«r 

None of the in te ra c tio n s  was significant®

2® Protein  content

The data on protein  content of seeds recorded at harvest 

are presented in  Table 16 and the analysis  of variance in  

Appendix VII*

c A p p lica tio n  of nitrogen was found to increase the 

protein  content of seeds s ig n if ic a n t ly  and highest protein  

content was recorded by the highest level of nitrogen*

Protein content of seed was found to  be increased 

s ig n if ic a n t ly  with the increased level of phosphorus a p p li ­

ca tio n  and the highest protein  content was recorded by the 

highest level of phosphorus®

Potash a p p lica tio n  d id  not produce any s ig n if ic a n t  

influence on the protein  content of seeds* However, increasing 

the levels of potassium increased the pro te in  content upto 

20 kg and fu rth e r increase in  potassium level decreased the 

p ro te in  content s l ig h t ly *



Table 16* Protein content of seeds {%)

Levels of  phosphorus 
or potash Levels of nitrogen or phosphorus

no n1 n2 Mean P or K

P0 17*83 19.19 20.26 19*09

pi 18.7^ 19.83 20.77 19.78

P2 19*^8 19.73 21 »2b 20.15

K0 18.65 19.^9 20.k6 19*53

K1 18.53 19*53 20.97 19.68

k 2 18.88 19.73 20.8** 19*82

Mean (N) 18.69 19*58 20.76

Pr 0 P1 P2

K0 18.85 19.56 20.19 19.53

K1 19.05 19.96 20.01 19.68

K2 19.38 19-82 20.25 19.82

CD for comparison among N, P or K = 0.228

CD for NP, NK, PK combination = 0.395
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Among the various in te ra c tio n s  NP, NPK2 and NP2K 

were found to be s ig n if ic a n t .  n2P2 combination was found 

to  be superior to  a l l  other treatments. T h is  was followed 

by n2P1 and then by n2pQ. The lowest value was recorded by

n0?0.

3* O il  Y ie ld

The data on o i l  y ie ld  recorded a t  harvest are presented 

in  Table 17 and the an alysis  of variance in  Appendix V II*

The data showed that there was s ig n if ic a n t  d iffe re n ce  

in  the o i l  y ie ld  of grains w ith  d iffe re n t  leve ls  of nitrogen 

g iv in g  the highest value fo r the highest level of nitrogen*

Phosphorus a p p lic a tio n  also produced s ig n if ic a n t  

increase in  o i l  yield* However, phosphorus a p p lica tio n  beyond 

15 kg showed a s l ig h t  decline  in  o i l  yield*

Potash a pp lica tio n  d id  not produce any si g n if ic a n t 

e ffe c t  on o i l  y ie ld  of grains*

The treatment combinations NPK andtjfiSfK produced 

s ig n if ic a n t  e ffe c t  on o i l  yield*

D* Analysis  of p lant samples

1 • Tota l n itrogen content in  d iffe re n t  p lant parts 

1*1• Nitrogen content of stover

The data on the nitrogen content of stover are 

presented in  Table 18 and the analysis  of variance in  

Appendix IX .



Table 17* Oil Yield (kg/ha)

Levels of phosphorus 
or potash Levels of n itrogen or phosphorus

n0 nl n2 Mean P or K

P0 15257*96 16177*55 18186*50 16540.67

pi 15941.80 17386.66 19591*45 17639*97

P2 15620*45 17016.61 19002*55 17213.20

K0 15265*40 17272.66 18983*11 17173.73

■S 15459*11 16122*22 19181 *02 16920.78

k2 16095*70 17185*95 18616.37 17299*34

Mean (N)

Ko
P0

16792.86
P1

17445*00
P2

17283.31 17173*73

*1 16291.35 17947*18 16523.82 16920.78

k2 16537*80 17527*73 17832.48 17299*34

CD for comparison among N, P or K = 713*318

CD for NP, NK, PK combination =1235*467



Table 18. E ffe c t  o f  various le ve ls  of N,P and K n u t r i t io n  on nitrogen 
content o f  p lants  at d if f e r e n t  stages*

30th day afte r sowing 60th day a fte r  sowing Harvest

no nl n2 Mean P or K n0 n1 n2 Mean P or K n0 n1 n2 Mean P o r K

po 1*12 1*20 1 .32 1 .21 1.82 2.09 2*56 2.16 1.31 1*68 2.17 1 *72

P1 1*18 1.27 1.46 1.30 1.89 2.22 2.78 2.30 1.39 1 *70 2.28 1*79

P2 1 *17 1 *34 1 *51 1*34 1«88 2.21 2.89 2.32 1.52 1.71 2.45 1.89

V 1*13 1 *18 1.35 1.22 1.85 2.16 2.56 2.19 1 *22 1.64 2.15 1.67

*1 1.19 1*26 1*42 1*29 1 .88 2.15 2.83 2.29 £•52 1.77 2.33 1.87
k 2 1 *15 1.37 1*52 1.35 1.86 2.21 2.84 2.30 1.49 1.67 2.41 1.86

Mean
(N)* 1.15 1*27 1.43 1*86 2.17 2.74 1.41 1 .69 2.30

K0
P0 P1 P2 P0 P1 P2 P0 P1 P2

1*15 1*26 1*26 1*22 1*96 2*25 2.35 2.19 1*55 1.68 1.77 1.67

K1 1*21 1*29 1*37 1*29 2*17 2.36 2*32 2.29 1*85 1.82 1*95 1.87
k2 1*28 1*36 1.39 1.35 2.33 2.27 2.30 2.30 1.75 1*87 1*96 1*86

CD fo r compari son of means
30th day 60th dav Harvest

( i )  N, P or K .  0*032 0*087 0*128
(1 1 ) NP, NK or PK

combination 0*057 0*151 0*222
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Nitrogen content of stover increased s ig n if ic a n t ly  

w ith  increasing levels  of appjied nitrogen at a l l  the stages 

of growth.

Phosphorus and potash a pp lica tio n  also increased 

the nitrogen content of stover s ig n if ic a n t ly .

2
Among the various in te ra c tio n s , NP, NK, NPK, NPK 

were s ig n if ic a n t  at the f i r s t  stage of observation. Among 

the NP in te ra c t io n s , n2P2 was superior, but was on par with 

n2P j .  The lowest value was recorded by the treatnent nQp0#

Among the NK in te ra ctio n s  n2k2 was superior to  a l l  other 

combinations followed by n2k| which was on par w ith  n^k2^

The treatment nQk0 recorded the lowest value whi ch was on 

per w ith  n jk Q and nQk2.

2
The treatment combinations PK and NP K were s ig n if ic a n t

at the 2nd stage of observation. Among the PK in te ra ctio n s
\

Pjkj was superior and pQk^ recorded the lowest value.

In the 3rd stage o f observation the combinations 

NP2K and NP2K2 alone were s ig n if ic a n t .

1 .2 . Nitrogen content of seeds

The data on the nitrogen content of seeds are 

presented in  Table 21 and the analysis of variance in 

Appendix IX .

Nitrogen a pp lica tio n  s ig n if ic a n t ly  influenced the



Table 21* E ffe c t o f  vario us le v e ls  of N9 P and K n u t r i t io n  on n itro g e n , phosphorus 
potassium content of grains at harvest.

Nitrogen content {%) Phosphorus content (%) Potassium content (%)

no n1 n2 Mean P or K n0 n1 n2 Mean P or 0c

n1 n2 Mean P or

po 2.85 3.07 3.24 3.05 0.46 0.46 0.47 0.46 0.49 0.50 0.50 0.50

P1 3.00 3.17 3.32 3.16 0.49 0.49 0.51 0.50 0.49 0.49 0.51 0.50

P2 3.11 3.15 3.39 3.22 0.57 0.58 0.58 0.58 0.49 0.50 0.51 0.50

K0 2.98 3.12 3.2? 3.12 0.50 0.51 0.51 0.51 0.46 0.47 0.48 0.47

K1 2.96 3.12 3.35 3.15 0.51 0.51 0.52 0.51 0.49 0.49 0.51 0.50
K2 3.02 3.16 3.34 3.17 0.51 0.51 0.53 0.52 0.52 0.53 0.55 0.53

Mean 
(N) 2.99 3.13 3.32

■

0.51 0.51 0.52 0.49 0.50 0.51

P0 P1 P2 Pr 0 P1 P2 po pi P2
■ -

K0 3*01 3.12 3.23 3.12 0.46 0.49 0.57 0.51 0.47 0.46 0.47 0.47

Kt 3.05 3.19 3.20 3.15 0*46 0.50 0.58 0.51 0.49 0.50 0.50 0.50
k2 3.10 3.17 3.24 3.17 0.47 0.50 0.58 0.52 0.53 0.53 0.53 0.53

CO fo r  compari son of means
Ni troaen Phosphorus Potassi um

( i ) N, P or K 0*036 0.004 0.005
( l i ) NP# NK or PK

combination 0.062 0.007 0.009
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nitrogen content of grain and the highest value was recorded 

by the highest level of nitrogen at a l l  the stages.

Phosphorus applica tio n  also increased the nitrogen 

content of grains s ig n if ic a n t ly ,  but there was no difference 

between 15 and 30 kg P20^/ha during the 3rd stage.

Potassium also s ig n if ic a n t ly  influenced the nitrogen 

content of g ra in . Increasing levels  of potassium increased

the nitrogen content of grains.
" 2
Among the in te ra c tio n s  NP and NPK produced s ig n if ic a n t  

e ffe ct on the nitrogen content of g ra in s . n2P2 recorded 

the highest value followed by n2P j , n2pQ and n^p-p However^ 

n^Pj was on par w ith  n^p2 and nQP2. The lowest value was 

recorded by the treatment combination î P q .

2. Uptake of nitrogen bv d iffe re n t  plant parts

2 .1 .  Uptake of ni troqen bv stover

The data on the uptake of nitrogen by stover are 

presented in  Table 22 and the analysis of variance in 

Appendix X I I .

Nitrogen a pp lica tio n  s ig n if ic a n t ly  influenced the 

nitrogen uptake at a l l  the stages and the highest amount of 

uptake was seen with the highest level of n itro ge n .

Nitrogen uptake was increased s ig n if ic a n t ly  with 

the a pp lica tio n  of phosphorus. During the 2nd and 3rd stages, 

increasing the level of phosphorus from 15 kg to  30 kg/ha



Table 22* E ffe c t  of various levels  of Ns P and K n u t r i t i o n  on uptake of nitrogen 
by plants at d i f f e r e n t  stages

30th day after  sowi ng 60th day afte r  sowi ng Harvest

p n0 nl n2 Mean P or K n0 n*. n2 Mean P or K nQ n1 n2 Mean P or K

po 1*84 2*14 2.68 2 .22 17.34 23*65 31 *53 24.17 13.34 18*30 23.10 18*24

P1 2*07 2*54 3*52 2*71 17*93 26*76 40.03 28.24 14.08 18.31 28*30 20.23

P2 2*22 3.06 3.48 2.92 18*01 27*56 39*97 28.51 16.10 19*42 29*41 21.64

K0 1.81 2 *20 2*97 2*33 17*54 24.77 32.78 25*03 12*04 18.73 24*25 18.34

K1 2.10 2.54 3.21 2*62 17*93 26.19 38*57 27*51 15*72 19*51 27*55 20.93

k 2 2.21 2.30 3.51 2*91 17.81 24.02 40*18 28*34 15*75 17*80 28.99 20.85

Mean - ■ - .  . .  - -  ■

(N) 2.04 2.58 3.23 17*76 25*99 37*18 14.50 18*68 26.93

P0 P1 P2 P0 P1 P2
.

P0 P1 P2

K0 1 *81 2.20 2.97 2.33 20.64 26.35 28*10 25*03 16*69 18.46 19*86 18.34

K1 2.10 2.54 3.21 2.62 24.45 29*93 28*31 27*51 19*34 21*28 22*16 20*93

*2 2*21 2.99 3.51 2.91 27.43 28*44 29.14 28.34 18.70 20*95 22.90 20.85

CD for  compari son of  means
* 30th dav 60th  dav Harvest

( i )  N, P or R 0.103 1*047 1*645
(11) NP* NK or PK

combination 0*178 1*813 2.850
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made no s ig n if ic a n t  difference in  the nitrogen uptake 

of stover*

Applied potassium also produced s ig n if ic a n t  e ffe c t  

on the nitrogen uptake by stover at a l l  the stages* But., 

there was no di fference between 20 and ko kg/ha of potash 

during the 3rd stage of observation*

NP, NK and NPK combinations produced s ig n if ic a n t  

e ffe c t on the nitrogen uptake by stover during the f i r s t  

stage of observation. Among the NP combinations n2Pj 

recorded the highest value but was on par with n2P2, njP2 

and n2P0* The lowest value was recorded by the combination

n©Po *
Among the various NK in te ra c tio n s  the highest value 

was recorded by n2k2 combination followed by n2kj and then 

by n2k0* The lowest value was obtained w ith  n0kQ combination.

NP, NK, PK, NP^K and NP^K^ in te ra c tio n s  made 

s ig n if ic a n t  influence on the nitrogen uptake by stover 

during the 2nd stage of the crop*

However, none of the in te ra c tio n s  were s ig n if ic a n t  

during the 3rd stage*

2*2* Nitrogen uptake bv seeds

The data on the uptake of nitrogen by seeds are 

presented in  Table 25 and the analysis  of variance in  

Appendix XV«;



Table 25® Effect of various levels of N, P and K nutrition on uptake of
nitrogen, phosphorus and potash by grains at harvest.

Nitrogen uptake Phosphorus uptake Potassium uptake

n0 n1 n2 Mean P or K n0 n1 n2 Mean P or K n0 n1 n2 Mean P or 1

po 7.26 8.25 9*66 8.39 1.16 1.24 1 .40 1 .27 1.26 1.33 1.50 1 .36

P 1 8.07 9.06 10.69 9.27 1.32 1.**1 1.64 1.45 1.32 1.40 1.65 1.46

P 2 8.23 8.83 10.46 9.17 1.50 1 .62 1.78 1.63 1 .30 1 ®40 1.58 1.43

«0 7*59 8.87 10.13 8.86 1.27 1.46 1.57 1.43 1.17 1.33 1.47 1.32

Kt 7.86 8.32 10.58 8*92 1.3** 1.35 1.64 1 .44 1 .30?' 1.31 1 .60 1 .40
K2 8.12 ,8.95 10.11 0 .  06 1.37 1.46 1 .60 1.47 1.41 % e 50 1.66 1 .52

Mean
(N) 7.85 8.71 10.27 1.33 1 .42 1.6 0 1 .29 1.38 1 ©58

P0 P1 P2 P0 P1 P2 P0 P1 P2

K0 8.33 9.09 9.15 8.86 1.27 1.43 1 .6 0 1.43 1.29 1 .34 1.33 1.32

8.30 9.5** 8.92 8.92 I .2 5 1 .49 1 .6 0 1.44 1 .34 1.48 1.39 1.40
k 2 8.5** 9.19 9.**5 9.06 1.28 1 .45 1 .6 9 1.47 1.46 1 . ’55 1.56 1 .5 2

CD for comparison of means
Ni trogen . Phosphorus Potassium

( i )  N, P or K 0.364 0.055 0.058
( i i )  NP, NK or PK

combination 0.630 0.097 0*010
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Nitrogen app lica tio n  s i g n i f ic a n t l y  influenced 

the nitrogen uptake of grains at the harvest stage. The 

highest nitrogen uptake value was recorded by the highest 

level of nitrogen®

Phosphorus application  also s i g n i f i c a n t l y  influenced 

the nitrogen uptake by grains.  However, increasing the 

leve ls  of phosphorus from 15 to 30 kg/ha showed a s l ig h t  

decline in  the uptake of nitrogen by gra ins.

Potassium did not s i g n i f i c a n t l y  influence the 

nitrogen uptake by gra in s .  However, there was s l ig h t  

increase 1n nitrogen uptake with increasing levels of 

potash a pp l ica t io n .

Among the various in te ra ct io n s  NPK, NP2K and NP2K2 

were s ign if ica n t*

2 .3 .  Total uptake of nitrogen

The data on the to ta l  uptake of nitrogen are 

furnished in Table 26 and the analysis of variance in 

Appendix XVI,

Ni trogen si gni f i  cantly  i ncreased the ni trogen 

uptake at a l l  stages of growth., Total  uptake of nitrogen 

was highest with  the highest level of n itrogen.



Table 26. Effect of various levels of N, P and K nutrition on total uptake of
nitrogen by plants at different stages*

30th day a fte r  sowing 60th day a fte r  sowing Harvest

n0 n1 n2 Mean P or K nQ nl n2 Mean P or K n0 n1 n2 Mean P o r  K

i 
o

 
!“■ 1*84 2.14 2*68 2.22 17*34 23.65 31*53 24.17 20*54 28*32 32.76 27*22

p i 2*07 2*54 3*52 2.71 17*93 26*76 40*03 28.24 22*14 27*36 38.98 29*50,

P2 2*22 3*06 3*48 2*92 18*01 27*56 39*97 28*51 24*32 28*25 39*87 30*82

K0 1*81 2.20 2.97 2*33 17*54 24.77 32.78 25*03 19*63 27*59 34.37 27*20

K1 2*10 2.54 3*21 2.62 17*93 26*19 28*57 27*51 23*57 29*59 38*13 30.43
k 2 2*21 2«30 . 3*51 2*91 17*81 24*02 , 40*18 28*34 23.87 26*75 39*10 29*91

Mean
■r

(N) 2*04 2*58 3.23 17*76 25*99 37*18 22*36 27V38 37*20

P0 P1 P2 , po” " P1 P2 P0 P1 P2
K0 1.81 2*20 2.97 3*33 20*64 26.35 28*10 25*03 25*02 27*56 29*01 27*20

K1 2.10 2.54 3*21 2.62 24.45 29*93 28.31 27*51 29*41 30*81 31 *08 30.43
K2 2*21 2.99 3.51 2*91 27.43 28*44 29*14 28*34 27*24 30*13 32*35 29.91

CO fo r  comparison of  means
30th dav 6oth dav Harvest

( i )  N, P or K 0*103 1.047 1*969
( 1 i )  NP, NK or PK

combination 0*178 1*813
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There was s ig n if ic a n t  increase in  the uptake of 

nitrogen with the application of phosphorus at a l l  the 

stages* But increasing the level of phosphorus from 

15 to 30 kg/ha could not make any difference in  the 

uptake of nitrogen during the la s t  two stages.

Potash application also produced s ig n i f ic a n t  

in f lu en ce .  Here also increasing the level to 40 kg from 

20 kg/ha showed a s l ig h t  decrease in the uptake of nitrogen 

during  the 3rd stage*

NP, NK and NPK combinations were s ig n i f ic a n t  during 

the f i r s t  stage. NP, NK,PK, NP^K and NP^K^ were s ig n if ic a n t  

during the 2nd stage.

However, during the 3rd stage, only NP combination 

was s i g n i f ic a n t .  n2P2 recorded the highest value followed 

by n2Pj but were on par with each other .

3. Total phosphorus content in  d if fe re n t  plant parts 

3.1• Phosphorus content of stover

The data on phosphorus content of stover are 

furnished in  Table 19 and the analysis  of  variance in 

Appendix X.

Phosphorus content of stover was s i g n i f i c a n t l y  

influenced by nitrogen cpplication during the f i r s t  aid 

last stages.



Table 19* Effect of various levels of N,P and K nutrition on phosphorus content of
plants at different stages*

30th day a fte r  sowing 60th day a fte r  sowing Harvest

n0 nl " 2 Mean P or K n0 n 1 n2
Mean P or K n0 n1 n2 Mean P or K

po 0*11 0*12 0*13 0*12 0*16 0*26 0.15 0*19 0*11 0*12 0.14 0*12

P1 0.15 0*16 0*18 0*16 0*20 0*»26 0*25 0*24 0*16 0*23 0*24 0*21

p2 0*25 0*29 0*30 0*28 0*40 0*43 0*46 0.43 0*30 0*40 0.43 0.37

*0 0*17 0*20 0*19 0*19 0*24 0*37 0*27 0*30 0*18 0*24 0*26 0*22

K1 0*16 0*19 0*21 0*18 0*26 0*29 0*30 0*28 0*20 0*25 0.-28 0*24

K2 0*17 0*18 0*20 0.19 0*27 0*28 0*29 0.28 0*19 0*26 0.26 0*24

Mean 
(N) 0.17 0*19 0*20 0*26 0*31 0*29"

'
0*19 0*25 0.27

P0 P1 P2
■

P0 P1 P2 P0 P1 P2

K0 0*12 0*15 0*29 0*19 0*26 0*23 0.40 0*30 0*11 0.19 0.37 0*22

K1 0*12 0*17 0*26 0*18 0*16 0.25 0*44 0*28 0*14 0*23 0.37 0*24

*2 0.12 0*16 0*28 0*19 0*15 0.24 0*45 0*28 0.13 0*21 0*'38 0.24

CD fo r comparlson o f means

30th dav 60th dav Harvest
(1 ) N, P, or K 0*007 0*056 0*011

(11)  NP. NK or PK
combination 0*013 0*097 0*019
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the phosphorus content of stover at a l l  stages of crop

growth and increasing the levels  of phosphorus application

increased the phosphorus content of stover®

Potash application  d id  not influence the phosphorus

content of stover at any stage and i t  was observed that

i ncreasing the rate  of potash beyond 20 kg K20/ha showed

a s l ig h t  decrease in  the phosphorus content of stover®

Among the in tera ction s  NP, NK, PK, NP2K and NP2K2

were s ig n if ic a n t  during the f i r s t  stage of the crop®

NPK alone was s ig n if ic a n t  during the 2nd stage and

th e  combinations NPK2, NP2K and NP2K2 were s ig n if ic a n t
*

during the 3rd stage®

3®2® Phosphorus content of seeds

The data on phosphorus content of seeds are furnished 

i n  Table 21 and the analysis of variance in Appendix X®

Nitrogen s i g n i f i c a n t l y  influenced the phosphorus 

content of seeds at harvest stage.

Application  of  phosphorus and potash also s i g n i f i c a n t l y  

influenced the phosphorus content of seeds at the harvest stage.

Among the various interactions studied, NP, NK, PK, NPK, 

NPK^ and NP2K^ were significant®

Application of phosphorus significantly influenced



4© Uptake of phosphorus bv d if f e re n t  plant parts 

4*1J Uptake of phosphorus bv stover

The data on uptake of phosphorus are presented in 

Table 23 and the analysis of variance in  Appendix X I I I .

Nitrogen s i g n i f i c a n t l y  Influenced the uptake of 

phosphorus by stover and increasing the levels of  nitrogen 

increased the phosphorus uptake.

Application  of phosphorus also made s ig n if ic a n t  

influence on the phosphorus uptake and the highest uptake 

value was obtained with  the highest level of phosphorus* 

Potash a pp l ica t io n  also made s i g n i f ic a n t  influence 

on the phosphorus uptake by stover at a l l  the stages. But 

Increasing the level of application beyond 20 kg ^ O / h a  did 

not produce any s i g n i f ic a n t  difference In  the uptake value* 

NP, NK, PK and NPK intera ction s  made s ig n if ic a n t  

influence on phosphorus uptake in  the f i  rst stage* A l l  of 

the in teractions were s ig n i f ic a n t  on 6oth day after sowing*

The In teractions NP2K and NP2K2 alone were s ig n i f ic a n t  

at the harvest stage*

4*2 Phosphorus uptake bv seeds

The data on phosphorus uptake by seeds are presented 

in  Table 25 and the analysis  of variance in  Appendix XV*; 

Nitrogen s i g n i f i c a n t l y  influenced the phosphorus

bQ



Table 23. Effect of various levels of N, P and K nutrition on phosphorus
uptake by plants at different stages*

30th day afte r  sowing 6oth day a fte r sowi ng Harvest

n0 n1 n2 Mean P or K nQ n 1 n2 Mean P or K n0 °1 n2 Mean 
P or  K

po 0.18 0.21 0.25 0.21 1.56 1.73 1.83 1.71 1.15 1.15 1.4*8 1.32

P1 9.26 0.32 0.4*2 0.33 1.94* 3.11 3.68 2.91 1.23 2.4*9 2.94* 2.35

P2 0.4*7 0.95 0.70 0*61 3.8** 5.32 6.38 5.18 3.12 4*.50 5.11 4*.25

K0 0.28 0.4*0 0.4*3 0.37 2.30 3*20 3.51 2.99 1.80 2.70 2.93 2.75

K1 0.28 0?39 0.4*7 0.38 £*i*5 3.58 4*.17 3.4*0 2.08 2.81 3.38 2.76

k2 0.35 0.39 0.4*8 0.4*1 2.60 3.39 4*.22 3.4*0 2.01 2.82 3.22 2.68

Mean
<N) 0.30 0.39 0.4*6 2.4*5 3.39 3.96 1.96 2.77 3.17

P0 P1 P2 P0 P1 P2 P0 Pl P2

K0 0.20 0.30 0.61 0.37 1.65 2.63 4*.71 2.99 1.22 2.11 4*.10 2.75

0.22 0.35 0.57 0.38 1.75 3.15 5.29 3.4*0 1.4*1 2.61 4*.25 2.76

k2 0.22 0.35 0.64* 0.4*1 1.73 2.95 5.53 3.4*0 1.33 2.33 4*.39 2.68

CD for comparison of means

30th dav
( i )  N, P or K 0.017

(11) NP, NK or PK
combination 0.030

6oth dav Harvest
0.121 0.130

0.209 0.225
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uptake by grains and the highest uptake value was recorded 

by the highest level of nitrogen*

Application  of phosphorus also made s ig n i f ic a n t  

influence on the uptake of  phosphorus by grains and here 

also the highest value was obtained with  the highest level 

of  phosphorus*

Potassium application had no s ig n i f ic a n t  e ffe c t  on 

the phosphorus uptake of  seeds®
2

Among the in tera ction s  only  NP ,K was signif icant*

4 . 3 .  Total  uptake of phosphorus

The data on to ta l  uptake of phosphorus are presented 

in  Table 27 and the analysis of variance in  Appendix X V I I .

Nitrogen s i g n i f i c a n t l y  influenced the to ta l  uptake 

of phosphorus at a l l  the stages*

Phosphorus uptake was increased s i g n i f i c a n t l y  with 

applied phosphorus and the highest uptake value was recorded 

with  the highest level of  phosphorus.

Potash application also got s i g n i f ic a n t  influence on 

the to ta l  phosphorus uptake but Increasing the level of 

potash further  to ^0 kg/ha showed no difference in the to ta l  

uptake of phosphorus as compared to 20 kg K20/ha during the 

2nd and 3rd stages re sp e ct ive ly .

Among the various intera ct ion s  NP, NK, PK and NPK 

were s ig n if ic a n t  in  the f i r s t  stage of the crop.

A l l  of the interactions were s i g n i f ic a n t  during the 

2nd stage of the crop.



Table 27* Effect of various levels of N, P dnd-'K.nutrition on total uptake of
phosphorus by plants at different stages*

30th day afte r  sowing 60th day a fte r  sowing Harvest

no "l "2
Mean P or K nQ n1 n2 Mean P or K n0 "1 n2 Mean P or K

P0 0.18 0.21 0.25 0.21 1 .56 1.73

rn00. 1.71 2.31 2.57 2.88 2.59

P1 0.26 0.32 0.42 0.33 1.94 3.11 3.68 2.91 2.61 3.90 4.58 3.69
2 0.47 0.95 0.70 0.61 3.84 5.32 6.38 5*18 4.29 5*95 6.89 5.71

K0 0.28 0.40 0.43 0.37 2.30 3.20 3.51 2.99 2.91 3.99 4.50 3.80
K1 0.28 0.39 0.47 0.38 2.45 3.58 4.17 3.40 3.09 4.16 5.02 4.09
K2 0.35 0.39 0.48 0.41 2.60 3.39 4.22 3.40 3.21 4.27 4.82 4*10

Mean
(N) 0.30 0.39 0.46 2.45 3.39 3.96 3.07 4*14 4.78

po P1 P2 P0 P1 P2 P0 P1 P2

K0 0.20 0.30 0.61 0.37 1.65 2.63 4.71 2.99 2.49 3.54 5.37 3.80
K1 0.22 0.35 0.57 0.38 1.75 3.15 5.29 3.40 2.65 3.93 5.69 4.09

K2 0.22 0.35 0.64 0.41 1.73 2.95 5.53 3.40 2.62 3.61 6.08 4 .10

CD for comparison of means
30th dav 60th dav Harvest

( i )  N, P or K 0.017 0~.121 0.246
( i i )  NP, NK or PK

combination 0.030 0.209 0.426
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However, during the 3rd stage the in te ra ctio n s  NP 

and NPK2 alone were s ignif icant*

5 . Total potassium content in  d if f e r e n t  p lant parts 

5*1 ♦ Potassium content of stover

The data on potassium content of stover are presented

in Table 20 and the analysis of variance in  Appendix XI*

Nitrogen and phosphorus did not produce any s ig n if ic a n t

influence on the potassium content of stover* Potassium

content of stover increased s ig n i f ic a n t l y  with increasing

levels of  applied potassium* Among the various intera ction s
9

o n ly  the in te ra ct io n  NP K was s i gn i f ic a n t  durina the 2nd stage* 

5*2* Potassium content of seeds

The data on potassium content of seeds are presented 

in  Table 21 and the analysis of variance in  Appendix XI*

Nitrogen s i g n i f i c a n t l y  influenced the potassium content 

of seeds. Potassium content was not affected by phosphorus 

application at any of the stages. Applied potassium 

s i g n i f i c a n t l y  increased the potassium content of seeds.

The in te ra c t io n  NP K alone was s ign if ica n t*

6. Potassium uptake bv d if f e r e n t  plant parts 

6.1• Uptake of potassium bv stover

The data on uptake of potassi urn by stover are presented 

in  Table 2k and the analysis of variance in  Appendix XIV*

Nitrogen s i g n i f i c a n t l y  influenced the uptake of potassiun 

on 60th day after  sowing and at harvest stage. Applied



Table 20. Effect of various levels of N, P and K nutrition on potassium content
of plants at different stages•

30th day afte r  sowing 60th day a fte r  sowing Harvest

n0 "1 n2 Mean 
P or K *0 n1 n2 Mean 

P or K n0 n1 n2 Mean 
P or K

*0 0.88 0.99 0.88 0.91 1.32 1.34 1.33 1.33 0 .9 3 1.13 1.14 1.07

*1 0.73 0*92 0.69 0.78 1.25 1.18 U 3 5 1.26 0.98 0.93 1.12 1 .01

?2 0.86 0.88 0.82 0.85 1.27 1.29 1.41 1.32 1.01 0.99 1.18 1 .0 6

*0 0.38 0.66 0.33 0.46 0.56 0.55 0.71 0.61 0.41 0.48 0.52 0.47

S 0.57 0.70 0*80 0.69 1.49 1.42 1.47 1 .46 1.09

CO0. 1.35 1.17

*2 1.52 1.43 1.26 1.40 1.79 1.84 1 .91 1.85 1.48 1.49 1 ®57 1 .49

*1ean
(N) 0.82 0.93 0.80 1.28

1 
1

1

NCM• 1.36 0.97 1.02 1.15

po P1 P2 P0 pi P2 P0 P1 P2

*0 0*56 0.37 0.43 0.46 0.63 0.58 0.61 0.61 0.49 0.44 0.48 0.47

‘ i 0 .7 4 0.57 0.76 0.69 1.52 1.31 1 .54 1.46 1.23

GOO• 1*21 1*17

4 0.14 1 .40 1.36 1.40 1.85 1.89 1.81 485 1.48 1.51 1.49 1*49

CD for comparison of means
30th dav 60th dav Harvest

(1 )  N, P or K 0.206 0.144 0.172
( i l ) NP# NK or PK

combination 0.356 0.249 0.299



Table 24* Effect of various levels of N, P and K nutrition on the uptake of
potash by plants at different stages.

30th day afte r  sowing 6oth day a fte r  sowing Harvest

no n1 1̂ 2 Mean P or K n0 nl n2 Mean P or K nQ n1 n2 Mean P or  K

po 1.46 1.80 1.74 1.66 12.61 15.62 16.50 14.91 9.56 12.16 12.21 11 .31

P1 1.36 1 .92 1.64 1.64 11.95 14.10 19.75 15.29 10.15 10.62 14.08 11 .62

P2 1.71 2.03 1.90 1.88 12.18 16.23 19*88 16.09 10.71 11.26 14.26 12.08

K0

ii1 
o

11 
o

 
1

1 .20 0.63 0.81 5.34 6*19 9.00 6.84 4.19 6.28 5.88 5.45

K1 0.99 1.42 1.77 1.39 14.24 17.27 19.96 17.15 11.31

COCO. 15.79 12.99
k2 2.93 3.13 2.88 2.98 17.16 22.55 27.16 22.29 14.92 15.88 18.83 16.56

Mean
(N)

i
1.51 1*92 1.76 12.25 15.34 18.71 10.14 11.35 13.52

P0 P1 P2 P0 pi P2 P0 P1 P2

K0 0.85 0.69 0.89 0.81 6.53 6.60 7.30 6.84 5.32 5®67 5.35 5.45

*i 1.36 1.16 1.66 1.39 16.90 16.30 18.24 17.15 1 2 * 8 8 12.39 13.72 12.99

k2 2.73 3.08 3.08 2.98 21 .20 22.90 22.60 . 22.29 15.74 16.79 17.16 16.56

CD for compari son of means
30th dav 60th dati Harvest

(1 )  N, P or K 0.395 1*777 1*985
(11) NP, NK or PK

Combination 0.684 3.077 3*438
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Phosphorus did not affect the uptake of potassium#

Potassium s i g n i f ic a n t l y  influenced the potassium uptake

by stover at a l l  stages of growth# Potassium uptake was

s i g n i f i c a n t l y  increased with increasing levels of potassium.

None of the intera ct ion s  was found to  be s ig n if ic a n t

regarding the uptake of potassium.

6.2# Potassium uptake bv seeds

The data on potassi urn uptake by seeds are presented

in  Table 25 and the analysis of variance in  Appendix XV#

Nitrogen s i g n i f ic a n t l y  influenced the potassium

uptake by gra in s .  Potassium uptake was s i g n i f i c a n t l y

influenced by the applied phosphorus. Applied potassium

s i g n i f ic a n t l y  increased the potassium uptake by grains#
2 2 2Among the in te ra ctio n s  NP K and NP K were signif icant#  

6.3# Total uptake of potassium

The data on tota l  uptake of potassium are presented 

in  Table 28 and the analysis of variance in  Appendix XVIII#

Total uptake of potassium was s i g n i f i c a n t l y  influenced 

by nitrogen application on 60th day after  sowing and at 

harvest. There was no s ig n i f ic a n t  influence on the potash 

uptake by the application of phosphorus. However the to ta l  

uptake of potash was s i g n i f i c a n t l y  increased with  applied 

potassium at a l l  the stages of growth#

None of the in teractions was found to  be s ig n i f ic a n t  

for the total  uptake of potassium.



Table 28* Effect of various levels of N, P and K nutrition on total uptake of
potash by plants at different stages®

30th day after  sowing 60th day afte r  sowi ng Harvest

n0 nl n2 Mean P or K nQ n1 n2 Mean P or K no n1 n2 Mean P or F

po 1.46 1.80 1.74 1.66 12.61 15.62 16.50 14.91 10,81 13.49 13.71 12.67
P1 1.36 1.92 1.64 1.64 11.95 14.10 19.75 15.29 11.47 12.02 14,73 1 3 .0 7  ;;
P2 1.71 2.03 1.90 1.88 12.18 16.23 19.88 16.09 12.01 1 2.6 6 . 15.84 1 3 .5 0

K0 0 .6 0 1.20 0.63 0.81 5.34 6.19 9*00 6.84 , 5.35 7.,61 17.34 6.77
K1 0.99 1.42 1.77 1.39 14.24 17.27 19.96 17.15 12.62 13.:19 17.39 14.39
K2 2.93 3.13 2.88 2.98 17.16 22.55 27.16 22.29 16.32 17.38 20.55 18.08

ean
;0 1.51 1.92 1.76 12.25 15.34 18.71 11.43 1 2 .72 15.09

- PQ . _ ' P1 P2 P0 P1 P2 P0 P1 P 2
- - _ . _ -

*0 0.85 0.69 0.89 0.81 6.53 6.60 7.30 6.84 6.61 7-02 6.68 6.77

s 1.36 1.16 1.66 1.39 16.90 16.30 18.24 17.15 14.21 13.87 15.11 14.39
'2 2.78 3.08 3.08 2.98 21.20 22.90 2 2 ^ 0 22.29 17.2 18.34 18.72 18.08

CD for comparison of means

30th dav 6oth dav Harvest
(1 )  N, P or  K 0.395 1.777 2,0011

( i l ) NP, NK or PK
combination 0.684 3*077 3.466
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Soil  Analysis

7 .1 .  Total nitrogen content of the soil  after the experiment 

The data on to ta l  nitrogen in s o i l  afte r  the harvest 

are furnished in Table 29 and the analysis of variance in 

Appendix XIX*

I t  is  seen that application of nitrogen, phosphorus 

and potash could not make any s i g n i f ic a n t  influence on the 

ni trogen content of s o i 1 after  the harvest of the crop.

Among the intera ction s  the higher values of so il

nitrogen were recorded by n0P2» Po^O anc* P2^2®

7*2* Available  phosphorus content of so il  after the experiment 

The data on the available  phosphorus content of 

so i l  afte r  the harvest are presented in Table 29 and the 

analysis  of variance in  Appendix XIX.

The data revealed that there was no s i g n i f ic a n t  

difference in  the available  phosphorus content of s o i l  due 

to various levels of phosphorus or potash.

Among the various in teractions nQP0, nQkj ( and 

p jk 0 recorded comparatively higher values of available  

phosphorus contents*

7*3® Available  potassium content of so i l  a f te r  the experiment 

The values on the available  potassium content of soil  

a fte r  harvest are given in  Table 29 and the analysis of 

variance in  Appendix XIX*

I t  is  seen that the d i f f e r e n t  levels  of nitrogen 

did  not make any s ig n if ic a n t  difference in  the available



Table 29* E ffe c t  of  various levels  of N, P and K on nitrogen, Phosphorus
and potassium content of the so i l  after  the experiment'

Nitrogen, content Phosphorus Potassium content

n0 Ni N2 Mean; 
P or K

N0 n 1 n2 Mean 
P or K

n0 n 2 Mean 
P or K

po 0.05 0.05 0.05 0.05 43.59 41.37 42.11 42.11 40.32 44.80 44.05 43.06

P1 0.04, 0.05 0.05 0*05 42.98 41.17 42.18 42.11 44.80 45.55 45.44 45.30

P2 0 .0 6 0.04; 0.05 0.05 41.17 41.97 41.77 41.64 45*55 47.04 47.79 46.79 -

K0 0 .05 0 .05 0*05> 0.05 42.38 41.97 42.38 42.24 39*57 43.31 41.81 41 .56

K1 0.05 0*04; 0.05 0.05 43.18 41.77 42.58 42.51 41.07 44.05 44,. 05 43.06
k2 0.05 0.05 0.05 0.05 42.18 40.76 40.36

1

-p . 0 50.03 50.03 51*52 50.52

Mean
(N.) 0 .05  0.05 0*05 42.58 41.50 41.77

K(
K 1
K,

r 0
0 .0 6

0.05
0.05

1
0.05
0.04;

0.05

2
0.05
0.04.
0 .0 6

42.38 43*59 40.76 38.08
42.78 42.58 42.18 41.81
41.17 40.16 41.97 49.28

42.56 44.05 41.56
42.56 44.80 43.06
50.77 51.52 50.52

CD f o r  comparision of mean 
among N = 0.003
CD for comparison of means 
among NP, NK or PK
combination = 0.005

CD for comparison arrong P -  1.972 CD for comparison among K = 2.719

CD for comparison among
NP, NK or PK
combination

CD for comparision among
NP, NK or PK

3.415 combination = 4.710
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potassium content of soil* However, the d i f f e r e n t  levels 

of phosphorus and potassium could increase the available  

potassium content of s o i l .

Among the various NP interactions the highest quantity  

of available potassium was shown by n2p2. Among NK and PK 

in te ra ctio n s  n2k2 and P2K2 **ave recorded the highest content 

of  available  potassium.

7 .4 .  Organic carbon content of soil  after the experiment

The organic carbon content of  soil  afte r  the harvest 

are furnished in Table 30 and the analysis of variance in 

Appendix XX.

The data revealed that there was no s ig n if ic a n t  

d ifference in  the organic carbon content of so il  due to 

e ith e r  d iffe re n t  levels of nitrogen or phosphorus. However, 

the d if fe re n t  levels  of  potassium could make s ig n if ic a n t  

difference in the organic carbon content of s o i l .

8» Economics of  nitrogen, phosphorus and potassium apolicatioi

The economics of nitrogen, phosphorus and potassium 

application presented^n Table 31 revealed that the combined 

application of 40 kg N, 15 kg p20^ and 20 kg ^ O / h a  (N2P^Kj ) 

gave the highest net p r o f i t  (Rs. 1520) followed by 4o kg N,

15 kg p2^5 and 0 kg ^ O / h a  (Rs. 610).  The increase in net



TABLE 30 E ffe ct  of various levels  of Nf P and K on organ*c-
carbon content of the soil  after  the experiment.

Levels of Phosphorus 
of Potash

LEVELS OF

rr  ̂ Rtj

NITROGEN

n2

OR PH0SPH0RI 

Mean P or K

V 0.499 0.502 0*488 0*496;

h 0.528 0.486 0*514 0*509

P2 0.471 0.498 0.494 0.488

K0 0*503 0.483 0.451 0.479

K1 0.488 0.494 0.515 0.499

K2 0.506 0.510 0.529 0.515

Mean (N) 0.499 0.495 0*498

■

po pi P2

Ko 0.492 0.490 0*455

K1 0.476. 0.508 0.513

k2 0.520 0.530 0.495
-

Marginal CD 

Combination CD

0.028

0.048



6 9  (a.)

p r o f i t  by the application of N2P ^  over control was 

Rs. 1070. Hence i t  can be stated that N2P^K^ i s  the best 

combination of nitrogen, phosphorus and potassium to obtain 

maximum p r o f i t .

From these re s u lts ,  i t  can be concluded that a 

combination of 40 kg N, 15 kg P20^ and 20 kg, K2Q/ha is 

the most advantageous f e r t i l i z e r  dose for sesamum 

var Thilothama in the red loam soils of Vellayani.
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DISCUSSION

An investigation  was carr ied  out at the A g r ic u ltu ra l  

College and Research I n s t i t u t e ,  Vellayani to f in d  out the 

influence of nutr ien t  combinations on sesamum crop in order 

to ascertain the best combination of n u tr ie n ts .

Data were recorded on height of  p lants ,  number of 

leaves per p lant,  number of branches per plant,  number of nodes 

per p lant,  leaf area per plant aid dry matter production.

Also the data were recorded on the y ie ld  components and y ie ld  

such as number of capsules per plant,  weight of capsules 

per plant,  number of seeds per capsule, seed weight per p l a i t ,  

test  weight o f  seed, seed y ie ld ,  stover y ie ld ,  sh e ll in g  percentage 

and harvest index. The data were obtained on q u a l i ty  a ttr ib u te s  

such as o i l  content, protein content and o i l  y ie l d .

The data obtained on various characters mentioned above 

are discussed hereunder.

A. Growth characters

1 • Height of p la i t s

S ig n if ic a n t  increase in  the height of  plant was observed 

at the 60th day afte r  sowing due to  nitrogen application at 

40 kg N/ha over 20 kg N/ha. The role of nitrogen being the 

development of vegetative parts,  i t  is  quite  natural that 

increasing levels of nitrogen increased the height of p la n ts .  

Rahman et al (1978) reported increased plant height with 

higher levels of nitrogen a pp l ica t io n .
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While the application of phosphorus did not influence 

the height of plants,  potash application could influence the 

height favourably upto 15 !<g/ha, beyond which i t  exerted a 

s l i g h t  depressing e f f e c t .  The e ffe ct  of phosphorus is  not 

generally  seen on the vegetative development and therefore 

i t  fa i le d  to produce s ig n if ic a n t  influence on the height of 

p la n ts .  Regarding the influence o f  potash, in many of the 

e a r ly  studies contradictory  reports were being revealed.

While Rahman e£ .al. (1978) reported increased plant height 

with increased potash application,  Satyanarayana et a l  (1978) 

observed that the height of the plant was not affected by 

the application of 30 and 60 kg potash per ha* In the 

present study also the effects  of potash was evident on th is  

aspect only upto 15 kg K^O/ha*

2. Number of leaves per plant

I t  was found that the number of leaves produced 

during the i n i t i a l  stage was not influenced by the application 

of nitrogen, whereas at the later  stages there was s ig n if ic a n t  

increase in the number o f  leaves. When the plants could p u t -  

forth  enough number of roots to absorb the applied nitrogen 

in suffici  ent q u a n tit ie s ,  i t  could increase the number of 

leaves per p lant.

I t  was seen that phosphorus could not produce any 

favourable influence on the height o f  p la n t .  In the same
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way i t  could not affect  the number of leaves per plant too. 

Potash influenced the number of  leaves only upto 15 kg KgO/ha. 

However, th is  influence of potash was observed only at 30th 

day after sowing.

3. Number of branches per plant

Whi le nitrogen s i g n i f i c a n t l y  increased the number of 

branches per plant at the highest level of app lica tio n ,  

phosphorus and potash could not prodice any favourable 

influence on t h is  character.  Instead, they depressed this 

character when applied beyond 15 kg each per ha® The favourable 

influence of nitrogen on the number of branches was recognised 

u n iv e rs a l ly  as the role  of nitrogen is  to improve the vegetative 

growth of p la n t .  Subramanian et a i  (1979) observed increased 

number of branches per plant In sesamum with  the increased 

level of application of n itrogen. The resu lts  of the present 

in ve stiga tio n  are also in  agreement with the above f in d in gs .

I t  is  seen that potash was able to  increase the height of 

plant only  upto 15 kg/ha, but with out much e ffe c t  on the 

number of branches. I t  appears that the extent of  deficiency 

required fo r  the induction of response in  branching with 

applied potash may be much higher than that required for 

increasing the height of p lants .

4. Number of nodes per plant

As in the case of number of leaves per plant,  the 

number of nodes per plant was also s i g n i f ic a n t l y  influenced 

by the nitrogen a pp l ic a t io n .  Here also s ig n i f ic a n t  influence



was observed only on 60th day after sowing* The reasons 

projected fo r  the number of leaves are applicable  in  t h i s ’ 

case also*

While phosphorus did  not influence the number of 

nodes per p la n t ,  s ig n if ic a n t  influence was brought out
i

by the application of potash e s p e c ia l ly  at the 30th day 

after sowing. I t  i s  seen that phosphorus could not produce 

any improvement on any of the vegetative characters and as 

such i t  i s  but natural that i t  could not exert  any influence 

on the number of nodes per plant also. The favourable 

influence of potash was observed on the important vegetative 

characters l ik e  height and number of leaves per p la n t .

5* Leaf Area per olant

Among the three nutrients  t r ie d  only nitrogen and 

phosphorus could increase the leaf area s i g n i f i c a n t l y .

However, in  the case of phosphorus a depressing trend was 

observed when applied beyond 15 kg P20^/ha. The role  of 

n itrogen in  increasing the leaf area i s  u n iv e r s a l ly  recognised 

and that is  vthyt in  the present study also the highest leaf 

ned with the highest level of  nitrogen t r i e d .

- In the case of nitrogen and phosphorus not only th e ir  main 

effects  were s i g n i f ic a n t ,  but many of th e i r  in teractions 

were also found to be s ig n i f ic a n t .  Among the NP in tera ction s  

the n2^ 1v (^0 kg N and 15 kg P205/ha) recorded the hi ghest 

value of leaf area per p la n t .

73
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6. Drv matter production 
r *

I t  is  seen that the application  of nitrogen increased 

the dry matter production s i g n i f i c a n t l y  and the highest 

production was recorded with the highest level of nitrogen 

at a l l  st'ages. From the data presented in  Table k i t  was
I

observed that nitrogen effected increase in  a l l  the vegetative 

characters l ik e  height, number of leaves per p la n t ,  number ' 

of branches per plant and tota l  leaf area per p la n t .  Therefore 

i t  is  but natural that nitrogen could produce increased dry 

matter with incremental doses of n itrogen. Moursi et a l  (1966)» 

Pal (1979) and Vi r et jal_ (1979) reported increased dry matter 

with increased nitrogen levels in  d if f e r e n t  o i l  seed crops 

inc luding  sesamum.

I t  is  seen that phosphorus and potash could also 

increase the dry matter production. However, the response 

was seen only upto 15 kg each per hectare. Moursi et al. (1966),  

Gopalakri shnan et al. (1971) and Pal (1979) could bring out 

data showing that phosphorus could favourably influence the 

tota l  dry matter production in  p lants .  Posit ive  effect  of 

potash on dry matter production was brought out by Maini et .al 

C1965) v Gopalakrishnan et al (1971) and Rao (1979) .
1

B. Y ie ld  and Y ie ld  a ttr ib utes

1. Number of capsules per plant

Increasing levels of nitrogen increased the number of 

capsules per plant s i g n i f i c a n t l y .  However, phosphorus and



D
R

V
 

W
R

IG
H

T
 

('
'3

/
h

o
k

)

1400 _

FIG-3. e ffe c t  of d iffer en t  levels  of a p p l ie d  nitrogen  y PHOSPHORUS AND POTASSIUM ON
t o t a l  D R V  m a t t e r  P R O D U C T I O N  (  k q  /  hsO O F  S E S A M U M  .

1300 _ 

1200 _ 

tioo _ 

1000 -  

9oo _ 

Boo _

7 0 0  _

6oo _ 

Soo _ 

ADO _

3 0 0  _

zoo 

too _

o J
0 20 40 

FLOWERING

L

0 20 40

86^ DAV

0 20 40

HARVEST

0 15 30
f LOWERING

O 15 3 0

Co11' OAy

A P P LIED

O 15 3 0  

HARVEST

0 20 40 

FLOWERING
0 20 40 

GO*1 DAV
0 20 40

Ha r v e s t

A P P L I E D p <l3 Paos/hA) A P PLIED  < (kg



75

Potash did not influence the number of capsules per plant 

although an increasing trend was observed upto 15 kg/ha.

Gowda and Krishnamurthy (1977) pointed out that the 

number o f  capsules is  an important y ie ld  contributing  

character in  sesamum#. Moursi et .§1 (1966) pointed out that 

nitrogen application increased the number of f r u i t s  per plant 

in sesamum. Bonsu (1 97 7)»  Maiti et .al (1980) and Subramani an 

et .§! (1979) in sesamum, Rahman et al. (1978) in  safflower, 

Singh et .al (1978) in mustard also reported increased number 

of capsules per plant with incremental doses of nitrogen.

However, Satyanarayana (1978) reported that potash 

application fa i le d  to produce any e ffe c t  on the number of 

capsules per plant* This is in agreement with the findings 

of the present investigation  also®

2* Weight of capsules per plant

The data presented in Table 6 revealed that the 

d if f e re n t  levels  of nitrogen increased the weight of capsules 

per plant although the increase was not s i g n i f ic a n t .  I t  is 

already evident that nitrogen could influence the number of 

capsules per plant (Table  -7)® When the number of capsules 

per p l a i t  was increased due to incremental doses of nitrogen, 

there should have increased weight of capsules per plant also*
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Application of phosphorus and potash also increased 

the weight.of capsules per plant but only upto 15 kg/ha, 

^bfeyond which s l ig h t  decrease was observed* The data on the 

number of  capsules per plant also revealed p o s it iv e  effect  

o f  phosphorus and potash only upto 15 kg/ha*

3* Number of  seeds per capsule

There was s ig n i f ic a n t  increase in the number of seeds 

per capsule with incremental levels of nitrogen application.

I t  i s  seen from the data (Table 8) that the highest level 

of nitrogen could produce an average number of fo r ty  seeds 

per capsule. The data on the uptake of nitrogen (Table  26) 

revealed that the highest nitrogen uptake was seen with the 

highest level of n it ro ge n .  This  higher amount of nitrogen 

uptake would have been responsible for better f i l l i n g  of the 

capsules with more number of seeds, t h e r e b y  con tr ibuting  

to  higher weight of  capsules per p la n t .

As in  the case of weight of capsules, the phosphorus 

levels could.increase the number of seeds per capsule only 

upto 15 kg P^O^/ha beyond which a s l ig h t  decrease was observed. 

Potash also could increase the number of  seeds per capsule. .

Among the various in te ra c t io n s ,  the NP in te ra ctio n s  

were found to be s i g n i f ic a n t .  While the in te ra c t io n  n2P1 

produced the highest value }the lowest value was recorded 

by n0p0.



The data on the weight of seeds per plant (Table 9) 

revealed that the levels of nitrogen could pro&ice s i g n i f i ­

cant influence on the weight of seed per plant and the 

highest value of 0*95 g/plant was recorded with the highest 

level of n itrogen.  I t  i s  seen that the higher uptake of 

nitrogen in  the treatment having the highest level of nitrogen 

could produce more number of seeds per capsule which means 

more weight of seeds per capsule. The data on the number of 

capsules per plant also revealed the fa c t  that higher levels 

o f  nitrogen could increase number of capsules per p lant.

Thus these two factors v i z .  more number of seeds per capsule 

and more number of capsules per plant contributed to increased 

iweijght1 of seeds per p la n t .
'j

However, phosphorus and potash could not produce any 

s i g n i f ic a n t  influence on th is  character.'  Although phosphorus 

could increase the number of seeds per capsule upto 15 kgC^1 

P20g/ha, i t  could not s i g n i f ic a n t l y  influence the number of 

capsules per plant (Table  9 ) .  Moreover, there appeared a 

depressing trend beyond 15 kg P20^/ha. S im ilar  results  

have been obtained in  the case of potash also. Therefore 

phosphorus and potash d id  not produce any s ig n if ic a n t  

influence on the weight of seed per p lant.

5* 1000 seed weight

In the case of 1000 seed weight, only nitrogen could 

s i g n i f ic a n t l y  increase th is  character.  The highest level 

of 40 kg M/ha produced an average 1000 seed weight of 2.47 gram.
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4 .  Weight of seed per plant
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The higher amount of  nitrogen absorbed by the plant would 

have been u t i l i z e d  not only for  increasing the number of  seeds 

per capsule but also for increasing in s ize  of seeds by proper 

f i l l i n g  of the grains* The experiment conducted at Jalgaon 

under the A l l  India Co-ordinated Research Project on o i l  seeds 

also revealed that higher levels of nitrogen could increase 

the 1000 seed weight in  sesamum (Anon, 1974}*

The behaviour of phosphorus and potash was sim ilar  to 

that in the case of  number o f  capsules per plant and number of 

seeds per capsule and as such they could not produce posit ive  

influence on 1000 seed weight* Satyanarayana (1978) has shown 

that 1000 seed weight was not influenced by potash a pp l ica t io n .

6* Seed y ie ld

The data on seed y ie ld  presented in  Table 11 revealed 

that nitrogen application produced s ig n i f ic a n t  increase in seed 

yield* The highest seed y ie ld  of 367*77 kg/ha was produced by 

40 kg N/ha*

The data on various y ie ld  a ttr ib u te s  l ik e  number of 

capsules per plant (Table 6) weight of capsules per plant 

(Ta b le  7 ) ,  number of seeds per capsule (Table  8 ) ,  weight 

o f  seeds per plant (T a b le  9) and 1000 seed weight (Table  10) 

revealed the favourable role of nitrogen in  increasing the 

abo/e y ie ld  a t t r ib u t e s .  Therefore i t  is  quite  natural 

that the seed y ie ld  which is  a f inal  expression of a l l  the
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y ie ld  a t t r ib u t in g  characters has been increased with - 

incremental doses of nitrogen. Th is  role  of nitrogen in 

increasing the seed y ie ld  of sesamum has been studied by 

several workers and the favourable e ffe c t  reported abundantly 

in l i te ra tu re (R a o  and Srivastava,  (1968);  Gaur and Trehan (1973)i 

Singh and Kaushal (1973 and 1975); Gowda (197*0; Gowda et al 

(1977)., Mebrotra et al (1978);  Satyanarayana (1978) and 

Sennaiyan and Arunachalam (1978).  In an experiment conducted 

at Jialgaon under the A l l  India  Co-ordinated Research Project 

on Oil  seeds, there was l inear response to nitrogen upto the 

highest level of 60 kg N/ha (Anon, 197*0*
i

Although phosphorus ecu Id increase the seed y ie ld  

s i g n i f i c a n t l y ,  potash could not prove i t s  su p e r io r i ty  in 

increasing the seed y ie ld .  On the contrary potash applicatior  

beyond 15 kg K,,0/ha produced a s l ig h t  decline in y i e l d .

Unlike potash phosphorus could increase the number of seeds 

per capsule thereby helped to increase the seed y i e l d  per 

p l o t .  As potash did not support any of the y ie ld  a t t r ib u t in g  

characters i t  is  but natural that potash could not increase 

the grain y ie ld  s i g n i f i c a n t l y .  P o sit ive  effects  of phosphorus 

in  increasing seed y ie ld  in sesamum has been projected 

by many workers l i k e  Gowda (197*0? Singh and Kaushal 

(1975) ;  Popov et al (1976) and Maiti (1981).  The non _  

responsive nature of  potash has also been reported by many



workers. According to Arunachalam and Sennaiyan (1977) 

f e r t i l i z e r  application fa i le d  to produce any response to 

y ie ld  in  TMV-3 sesamum. S im i la r ly  Sadanandan and Sasidhar 

(1979) in  a f e r t i l i z e r  t r i a l  with sesamum v a r ie ty  Kavamkulam-1 

in  the red loam s o i ls  of  Vellayani observed that application 

of 0-45 kg K20/ha did not affect the seed y i e l d .  S im ila r  

effects of potash have been reported by workers l ik e  Brady 

and Colwell (1945) and Maini e t  al. (1965)® Singh and Kaushal

(1973) even reported a decrease in  the seed y ie ld  of rainfed 

sesamum with Increase in  rate of potash from 0-60  kg/ha.

7. Stover y ie ld

I t  is' seen that there was s ig n if ic a n t  increase in  the 

y ie ld  of stover with increasing levels  of nitrogen (Table 12) .  

Phosphorus also could increase the stover y ie ld  upto 15 kg 

P205/ha beyond which the response was not s i g n i f ic a n t  although 

the highest stover y ie ld  was recorded with the highest level 

of phosphorus. However, potash application  did  not produce 

any s ig n if ic a n t  y ie ld  increase.

Nitrogen is  well known for i t s  influence on Vegetative 

growth (Moursi e t  al (1966);  Gopalakri shnan et  aj. (1971);

Rahman et al (1978);  Subramanian et a\, (1979);  V i r  et  al 

(1979 and Pal (1979) .  Therefore in the present study also 

the higher levels of nitrogen had increased the vegetative 

parts of the plant body and thereby increased the stover y ie ld .
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The data on the uptake of nitrogen (Table 26) revealed 

that the highest uptake of nitrogen was in  the p lo t  re c e iv ­

ing the highest level of n itrogen. This  enhanced rate of 

nitrogen would have been responsible for the increased 

vegetative growth. lit is  seen that a l l  the vegetative
i

characters l ike  dry weight of plants,  number of leaves per 

plant and number of branches per plant were increased due 

to increased nitrogen levels  thereby con tr ib u tin g  to higher 

amount of stover y i e l d .

The higher levels of phosphorus also enhanced the 

nitrogen uptake (Table  26) e s p e c ia l ly  during the i n i t i a l  

stage. Th is  enhanced uptake of nitrogen would have been 

responsible for the increased stover y i e l d .

Although potash application did not s i g n i f i c a n t l y  

produce any increase in  stover y ie l d ;  increasing levels 

of potassium tended to increase the stover y i e l d .

8. S h ell ing  percentage
\

Although nitrogen could s i g n i f ic a n t l y  influence the 

sh e l l in g  percentagejthere was no difference between 20 and 

ko kg M/ha. Phosphorus and potash did not influence the 

sh e ll in g  percentage. The p osit ive  e ffe c t  of nitrogen on 

sh e ll in g  percentage was reflected on the seed y ie ld  also.

As the degree of improvement in th is  character is  very much 

l im ited  even nitrogen could not give, a l inear response
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with higher leve ls  of nitrogen* S im ila r  e ffe ct  of  nitrogen 

was alss reported by workers l ike  Rogers (19A8),  Brady (19A8),. 

Reed and Brady ( 1 9 W *

As phosphorus and potash are not d i r e c t l y  involved 

in  the f i l l i n g  up of the grains they did not give any 

s i g n i f ic a n t  increase in the shell ing  percentage.

9* Harvest index

Harvest index is  defined as the r a t io  of economic 

y ie ld  t o  b io logical  y ie l d .  In the present study i t  i s  seen 

that the nitrogen le v e ls  increased the harvest Index values 

with the r e s u lt  that the highest value was recorded by the 

highest nitrogen le v e l .  Applied nitrogen s i g n i f ic a n t l y  

increased most of  the y ie ld  a t t r ib u t in g  characters l ik e  

number of capsules per p lant,  weight of capsules per p lant,  

number of seeds per capsule, 1000 seed weight and seed y ie ld .  

Along with this:- the vegetative characters were also increased 

with increasing levels of nitrogen. However, the ro le  of 

nitrogen was selective  in  the sense that the vegetative 

a tt r ib u te s  were improved only to the extent to contribute 

s u b s ta n t ia l ly  to the productive a tt r ib u te s  so as to get a 

higher harvest index value.

Unlike nitrogen, phosphorus and potash did not produce 

any s ig n if ic a n t  influence on harvest index. Th is  is  quite 

natural because phosphorus and potash could not s ig n i f ic a n t ly  

influence many of the productive a ttr ib u te s  l ik e  number of 

capsules per p la n t ,  weight of seeds per plant and on the
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other productive characters l ik e  number of seeds per capsule 

and 1000 seed weight they had influence only upto l £  kg 

each/ha beyohd which depressive effects were noticed in 

some cases#

C. Quality  a ttr ib u te s  

1« O i 1 content

I t  is  seen from the data on o i l  content (Table 15) 

that nitrogen could s i g n i f ic a n t ly  influence the o i l  content 

only  upto 20 kg/ha since the difference in o i l  content between 

20 and 40 kg N/ha was not s i g n i f ic a n t .  Satyanarayana (1978). 

observed that o i l  y ie ld  of two sesamum c u l t i v a r s  were higher 

with the application of 25 kg N/ha. The result  of the present 

study is  in agreement with the findings of  Singh et al. (1979) 

in brown Sarson that o i l  content was increased by low rates of 

nitrogen a pplication,  but decreased with the higher rates 

(48-60 kg N/ha)®

The observation that phosphorus did not produce any 

s ig n i f ic a n t  increase in o i l  content is  in agreement with the 

f indings of several workers in d if f e re n t  o i l  seed crops.

For example Mitchell  et  .§1 (1974) observed that phosphorus 

had no effect on the seed q u a l i ty  of sesamum. According 

to Revenko (1977) V- d i f f e re n t  combinations of phosphorus,- 

nitrogen and potash did not favour an increase in o i l  content
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of sunflower. Munoz (1979) observed that phosphorus a p p l i ­

cation bad no e ffe ct  on the o i l  content of rape.

As in the case of phosphorus potash also could not 

s i g n i f ic a n t l y  influence the o i l  content of sesamum. This  

observation i s  also quite in  agreement with  the f indings of 

several workers. Brady Colwell (19^5) reported that the o i l  

content of large seeded type peanut was not affected by potash 

a p p l ic a t io n .  Maini et al (1965) in mustard and Gupta and 

Das (1973) in  rape seed reported that in  both crops the o i l  

content was not affected by the application of potash. The 

r e s u lt  of the present study that at higher levels of potash 

application there was a reduction in the oi l ^ o n | ^ n t ^ l s  also 

in  agreement with the findings of  Mitchell  et al. (197*0 that 

increased levels  of potash tended to reduce the o i l  content of 

sesamum in a pot culture  study.

2. Protein content

The data presented in  Table 16 revealed that the protein 

content of seed was s i g n i f ic a n t l y  increased with increasing 

levels of nitrogen and the highest value was recorded by the 

highest level of n itrogen. I t  i s  seen that the nitrogen content 

of seed (Table 21) and total  uptake of nitrogen by seed (Table  26) 

were increased with  incremental doses of n itrogen.  As nitrogen 

is  an integral  part of protein i t  is  quite natural that increased 

uptake of nitrogen by the seed increased the total  protein



P
a

sc
c

w
t

Fl<3 -S. E F F E C T  O F  A P P L I E D  M lTR O S E H  x P H O S P H O R U S  A N D  P O T A S S IU M  ON OIL A M O

PROTEIN CONTENT OR 5E5AM UM .

55

5 0  -  

AS _

35 _

30 _

25 _

20

15

IO

a .

2.0 4.0 20 40 15 30 ■15 30

OIL. PROTEIN OIL- PROTEIN
c o k t e n t c o n t e n t c o n t e n t CONTENT
__AF*P=,l_IETO n i t r o s e n _ _ APPLIED PHOSPHORUS_

O 20 40

OH-
CONTEHT

O 20 40

PROTEIN
CONTENT

u
^^3 n/K a) (kg Rj.05//h«) (kg kaO/UA)



content of grains in  the present study# The r e s u l t  of the 

present study is  in  agreement with the f indings of several 

workers l ik e  Bhuiya e t a l  0 1 9 7 4 ) Mi tchel.1 (1974),  Mitchell  et al.

(1974) i Mitchell  et  a i  (1976) and Skalski (1978)*

Phosphorus also increased the protein content of 

seed s i g n i f ic a n t l y  and here again the hitjest value of protein 

was recorded by the highest level of phosphorus# The data 

on Table 21 and Table 25 revealed that the content and uptake 

of phosphorus by grains were higher with incremental doses 

of phosphorus# This  increased uptake of phosphorus would 

have been responsible for the s ig n if ic a n t  increase in  protein 

content of grains.  The percentage of protein in  groundnut was 

found to be increased with incremental level of  phosphorus 

by Bhuiya e t  al (1978).

Contrary to the e ffe cts ^ ^^ rt i t ro g e n  and phosphorus, 

potash could not produce any s ig n if ic a n t  influence on the 

protein content of seeds. Moreover, at higher levels  i t  

tended to reduce'the protein content.  Qui lantan -  V i l l a r e a l  

(1969) observed a decrease in  protein content by potash a p p l i ­

cation insesamum. S im ilar  results  were obtained by Bhuiya 

and Chowdhary (1974) in  groundnut. The protein content was 

found to decrease when the applied potash was increased from 

zero to 44.8 kg/ha in  that study.

3* O il  y ie ld

Result of the present study revealed that the to ta l  

o i l  yield.was s i g n i f ic a n t l y  influenced by the d iffere n t  levels
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of nitrogen and the highest o i l  y ie ld  was obtained in the 

treatment containing the highest level of nitrogen* The 

data on the o i l  content (Table 15) and the seed y ie ld  

(Table  11) c le a r ly  broughtout the s ig n i f ic a n t  influence 

of nitrogen in increasing the o i l  content as well as the 

seed y ie ld  of sesamum* Thus the higher seed y ie ld  coupled 

with higher percentage of o i l  has been responsible for the 

s i g n i f ic a n t l y  higher o i l  y ie ld  with increasing levels  of 

ni trogen*

The data on o i l  content (Table  15) revealed that 

although phosphorus could not produce any s ig n i f ic a n t  

increase in  o i l  content of g ra in ,  increasing levels  of 

phosphorus increased the o i l  content upto 15 kg P20^/ha*

The seed y ie ld  also has been increased with higher levels 

of phosphorus. A l l  these factors could have helped to 

produce higher o i l  y ie ld  upto 15 kg p20^/ha*

As potash could neither increase the seed y ie ld  nor 

the o i l  content, i t  f a i le d  to produce s i g n i f ic a n t l y  higher 

o i l  y ie ld  with increasing levels of potash.

D. Analysis of plant samples 

1• Nitrogen content and uptake by stover

I t  was observed that nitrogen content of stover was 

s i g n i f ic a n t l y  higher v/ith increasing levels of nitrogen 

(Table 18) .  The same trend has been reflected in the nitrogen 

uptake by stover also. Nitrogen uptake studies in other
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o i l  seed crops also revealed the s ignif icance  of nitrogen 

levels on the nitrogen uptake# Aulakh e t ' a l  (1980) reported 

the same trend in the mustard crop. Bishnoi and Kanwar (1982) 

reported that the contents of nitrogen and phosphorus and 

their  uptake were increased with increasing levels of 

nitrogen in r.aya. In. groundnut crop, Reddy et a l  (1977) 

found that the uptake of nitrogen was maximum when nitrogen
• Nt.

was applied at 10 kg as basal dressing and the remaining 

20 kg as top dressing 30 days after sowing.

Phosphorus and potash application also increased the 

nitrogen content of stover s i g n i f i c a n t l y .  S im ilar  trends 

were reported by other workers also.  Habee bull  ah et  a l  

(1977) found that the nitrogen content of haulm was increased 

when potash was applied between zero and 100 kg/ha in sesamum. 

Phosphorus and potash application also increased the nitrogen 

uptake by stover in the present study. The uptake of nitrogen 

was found to be increased with applied-potash at 0, ^0 and 

80 kg potash per hectare in i r r ig a t e d  groundnut v a r .  TMV 2 

(Rao, 1979).

2. Nitrogen content and uptake by seed

As in  the case of stover the nitrogen content of grain 

also was s ig n i f ic a n t l y  influenced by the levels  of  nitrogen, 

phosphorus and potash (Table  2 1 ) .  S im ila r  trend has been 

reported by several workers in  other crops also. V i r  and 

Verma (1979) found that increasing the ra te  of nitrogen from
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0 to  30 and 60 kg/ha increased the seed nitrogen content 

in nustard. V i r  and Verma (1979) while studying the effect 

of phosphorus on nitrogen content reported that the nitrogen 

content of seed increased with higher levels of  phosphorus* 

While nitrogen and phosphorus increased the uptake 

of n it ro ge n ?d iff e re n t  levels of potash d id  not s ig n i f ic a n t ly  

influence the uptake of nitrogen by the seed.

Bhati and Rathor (1982) while studying the response 

of Indian mustard to  nitrogen f e r t i l i z a t i o n  found that the 

y ie ld  and uptake of nitrogen with 60 kg N/ha were higher than 

wi th 20-^0 kg N/ha. Accordi ng to Bi shnoi and Kanwar Si ngh 

(1982) the applied nitrogen increased the nitrogen uptake 

in  raya. V i r  and Verma (1979) reported that application  of 

phosphorus at 30 kg/ha increased the uptake of nitrogen in 

rainfed mustard.

Total  uptake of ni trogen

I t  is  seen that there was s ig n if ic a n t  increase in the 

to ta l  uptake of nitrogen with increasing levels of nitrogen 

and the tota l  uptake of nitrogen was the highest with the 

highest level of n itrogen. There was s i g n i f ic a n t  increase 

in the uptake of nitrogen with the application of d i f f e r e n t  

levels of  phosphorus and potash a ls o .  The data on the nitrogen 

content and uptake of nitrogen by the stover and seed revealed 

that the d i f f e r e n t  levels  of nitrogen and phosphorus s i g n i f i ­

cantly  increased these values* This  increasing trend in  the
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uptake of nitrogen by the stover and grain has been reflected 

in the total  uptake of nitrogen also. Although potash could - 

increase the content and uptake of nitrogen by stover i t  could 

not enhance the nitrogen uptake by grains,  eventhough the nitrogen 

content of grains was also increased. However, in the total 

uptake of nitrogen together by grains and stover there was 

s ig n i f ic a n t  influenoe by the potash n u t r ie n t .  This  reveals 

the p o s s i b i l i t y  that the nitrogen uptake by stover due to  potash 

leve ls  could have been more powerful to make the combined 

uptake of N due to potash being s ig n i f ic a n t .

Phosphorus content and uptake bv stover

While nitrogen and phosphorus s i g n i f ic a n t l y  increased 

the phosphorus content of  stover,  potash application did not 

influence content of  phosphorus in stover at any growth stage. 

Moreover potash levels beyond 15 kg l^O/ha showed a s l ig h t  

decrease in phosphorus content of  stover.  Bishnoi and Kanwar 

Singh (1982) observed increased nitrogen and phosphorus contents 

of  raya with increase in nitrogen le v e ls .  Increase in phosphorus 

content with higher rate of phosphorus application was reported 

by Nakagawa et al. (1981)*. Although potash could not make 

s ig n i f ic a n t  increase in the phosphorus content of stover the uptake 

of phosphorus was influenced by potash le v e ls .  However, the 

application of potash beyond 15 kg K20/ha did not produce any 

s ig n if ic a n t  influence on the uptake of phosphrous.



t
o

t
a

l
 

P 
c

o
u

r
e

w
T

 
iw

s
t

o
v

e
r

 
(%

)

FIG .J0- PHOSPHORUS C O N TE N T OF SESAM UM  STOVER AS INPLUENCED
B r  d i f f e r e n t  l e v e l s  o f  a p p l i e d  n i t r o g e n  ^p h o s p h o r u s  AW'D

POTASSIUM.

30^ DAT

eo1*1 P A y

A P P L I E D  H I T R P 6 E N  A P P L IE D  PHOSPHORUS A P P L IE D  P O T A S S I U M

(^3 FlOg/k*.) ("kg Ka^/ka)



Phosphorus content: and uptake by seed

I t  i s seen that the phosphorus content of seed was 

s i g n i f ic a n t l y  influenced by the d if f e re n t  levels  of n utr ients  

t r ie d  in  the experiment at the harvest stage. While the 

d if f e r e n t  levels  of nitrogen and phosphorus s i g n i f i c a n t l y  

Influenced the uptake o f  phosphorus by seed* potash application 

did not make any s ig n i f ic a n t  influence on t h is  character.

Th is  c l e a r l y  indicates that the rate of  phosphorus content of 

seed due to  higher levels of potash was not s u ff ic ie n t  enough to 

make substantial Increase in  the uptake of t h is  n u t r ie n t .

Total  uptake of  phosphorus

I t  i s  seen that  the d i f f e r e n t  levels  of nitrogen 

s i g n i f ic a n t l y  influenced the total  phosphorus uptake at a l l  

stages. When the phosphorus content and uptake of stover and 

grain were s i g n i f ic a n t l y  influenced by the increased rate  of 

nitrogen application i t  i s  but natural that the to ta l  uptake 

of phosphorus was also favourably influenced by the d i f f e r e n t  

levels  of nitrogen a p p l ic a t io n .

In the case of phosphorus also the trend was very 

s im ilar  to that of n it ro ge n .  When phosphorus was applied or 

higher levels* the content of  phosphorus both in haulm and 

grain was increased with the r e s u lt  that the to ta l  uptake of 

phosphorus was also found to  be high with higher levels of 

phosphorus a pp l ic a t io n ,

Regarding potassium a p p l ic a t io n ,  the favourable e ffect  

was c u r ta i le d  beyond 15 kg KgO/ha and as such there was no

90
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difference between 15 kg I^O/ha and 30 kg l^O/ha regarding 

the total phosphorus uptake. The very same trend was seen 

in the content and uptake of phosphorus both by stover and 

grain which was reflected in the total uptake of phosphorus 

al soo

Potassium content and uptake bv stover

The data revealed that the d if f e r e n t  levels of nitrogen 

and phosphorus did not produce any s i g n i f ic a n t  e ffe ct  on the 

potassium content of stover.  However, increasing levels  of 

potassium s i g n i f ic a n t l y  increased the potassium content of  

stover.

Although the content o f  potassium in stover was not 

influenced by the d iffe re n t  levels of nitrogen, the uptake of 

potassium was s ig n i f ic a n t l y  influenced by the levels of potassium 

especia l ly  at  6oth day and at harvest. However, applied 

phosphorus did not influence the uptake of potassium. As 

nitrogen was in favour of higher amount of vegetative growth, 

although the content of potassium was not influenced by the 

level of  nitrogen, the comparatively large quantity  of 

vegetative growth could s ig n i f ic a n t ly  increase the total 

quantity  of  potassium present in stover. Phosphorus did not 

influence the potassium content of stover.  The d i f f e r e n t  levels 

of  potash could increase the uptake of potassium by stover at 

a l l  stages of growth. Rao(1979) reported increased uptake of 

potash in i r r ig a t e d  groundnut under the influence of potash®

. 91



92

Potassium content and uptake of seed

While nitrogen and potassium s i g n i f ic a n t l y  influenced 

the potassium content of seeds, phosphorus f a i le d  to influence 

the potassium content.  When the plant was supplied with higher 

leve ls  of potassium i t  is  but natural that plants would absorb 

higher anount of  potassium which w i l l  be reflected  on, the 

percentage content of  n u tr ien t  in the seed. As phosphorus 

f a i le d  to produce any s ig n if ic a n t  influence on the content of 

potassium in stover, the same trend was.^seen in the potassium 

content of seed also.

In the case of uptake of potassium by seed, a l l  the 

nutr ien ts  v i z .  n itrogen, phosphorus and potassium s i g n i f ic a n t l y  

influenced i t s  uptake. As nitrogen and potassium levels 

s i g n i f ic a n t l y  increased the grain content of potassium, they 

could increase the potash uptake also. However, the e ffe c t  of 

phosphorus in  t h is  regard was found to be contradictory  to i t s  

e ffe c t  on the potassium content of seed.

Total uptake of potassium

Total uptake of potassium is  the re f le c t io n  o f  the average 

influence of various n utr ients  on the uptake of potassium by 

stover and grains. As nitrogen and potassium could s i g n i f ic a n t l y  

increase the potassium uptake both by stover and g ra in ,  the total  

uptake of potassium was also favourably influenced by the 

d if f e re n t  le v e ls  of  nitrogen and potash. However, phosphorus fa i le  

to  make any s ig n if ic a n t  influence on the tota l  uptake of potassium. 

I t  is  seen that phosphorus did not influence the uptake of 

potassium by stover although i t  increased the uptake of potassium 

by grain .  As the stover y ie ld  i s  comparatively higher than
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Ĉ 3 pl°5/^)
APPLIED POTASSIUM

(Ig ^0/U)



T
O

T
A

L
 

u
p

ta
k

s
 

or
 

p
o

ta
s

s
iu

m

2 2  _ -----

20  _

IS „

IS _

14 _

12. _ --------

IO _

a _

6 _

F I© .14. EFFECT OF DIFFERENT LEVELS OF APPLIED  NITROGEN , PHOSPHORUS A NO POTASSIUM ON

THE TOTAL U PTAKE OF POTA-S-SIUM IN S E S A M U M .

24

4 -  

Z  _ 

0 _

o 20 40 
FLOWEWINS

L_
0 za  4-0 

OAT

o to 40
HARVEST

0 17 30

FL0WEFUN&

0 IS JO 
GO®* o a t

O IS 3 0  

HART1ST
. APPLIED P Cko &  O'S/W

O 20 40 
rLOWÊ IHfi
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grain y ie ld  in sesamum, phosphorus could not influence the 

total  uptake of potassium because of th is  fa c t .



SUMMARY



SUMMARY

A f i e l d  study on the effects  of nl trogen,,pnospnorus 

and potash application on the growth, y i e l d ,  q u a l i t y ,  chemical 

composition and uptake of mineral nutr ien ts  by sesamum was 

undertaken in  the red loam s o i ls  of Vellayani* The experiment

was la id  out in  the last  week of August, 1983, in  a 3 fa c to r ia l
2 2

experiment confounding NPK in  re p l ic a t io n  1 and NP K in  r e p l i ­

cation 2. The treatments consisted of three levels of nitrogen 

(0 ,  20 and kO kg N/ha), three levels  of phosphorus (0 ,  15 and 

30 kg PgO^/ha) and three levels of potassium (0 ,  20 and kQ kg 

K20/ha)•

Observations on the growth characters were taken on 

the 30th day ( f lo w e r in g ) ,  60th day (cessation of flowering) and 

at harvest* The chemical composition of the plant at these 

stages was also determined* At harvest stage the grains were 

also analysed* The crop was harvested after 85 days and the 

y ie ld  was recorded* The re su lts  of  the study are summarised 

be 1 ow*

Nitrogen s i g n i f ic a n t l y  influenced the growth of the

plant at a l l  the stages of growth. Height of p lant,  number

of leaves per p lant,  number of nodes per p lant,  leaf area per

p la n t ,  and dry matter production were increased s i g n i f ic a n t l y

upto ^0 kg N/ha, but the difference between 20 kg and kO kg N/ha

was found only in  the 2nd stage of observation, although there

was a s l ig h t  increase in  a l l  the above characters in the other 

stages*



95

Nitrogen application s i g n i f i c a n t l y  influenced the 

y ie ld  and most of the y ie ld  a t t r ib u t in g  characters eventhough 

weight of capsules per plant was not affected. Number of 

capsules per p lant,  number of seeds per capsule, seed weight 

per p lant,  1000 seed weight, stover y ie ld  and harvest index 

were s i g n i f ic a n t l y  increased upto 40 kg N/ha and the seed y ie ld  

and sh e ll in g  percentage only  upto 20 kg N/ha,. eventhough an 

increase in the value upto 40 kg N/ha was noted#

In the case o f  o i l  content of seeds there was s ig n if ic a n t  

influence of dp p l ie d  nitrogen but no difference was noted 

between 20 and 40 kg N/ha. There was s ig n if ic a n t  influence for 

applied nitrogen upto 40 kg/ha for protein oontent.

Nitrogen content of stover and grain was increased 

s i g n i f i c a n t l y  at a l l  stages of the crop. S im i la r ly  the total 

uptake of nitrogen by stover aid grains was also increased 

s i g n i f i c a n t l y  with the application of nitrogen*

Phosphorus content of stover and grain  as well as the 

total  uptake of phosphorus by stover and grain was also i n ­

fluenced s i g n i f ic a n t l y  by the applied n it rcge n .

Nitrogen did not influence the content of potassium 

in stover,  but i t  s i g n i f ic a n t l y  influenced the content of 

potassium in grains.  Nitrogen s i g n i f ic a n t l y  influenced the 

uptake of potassium on 6oth day after  sowing and at harvest 

stage. Also uptake of potassium by seed was s i g n i f ic a n t l y  

influenced by n itrogen.



Application of phosphorus has not influenced the 

growth characters l ike height of  plant,  number of leaves per 

plant,  number of branches per plant and number of nodes per 

p la n t .  Leaf area per plant at harvest and dry matter produ­

ction at a l l  the stages were s i g n i f ic a n t l y  influenced by the 

application of phosphorus. However, there was no difference

between 15 and 30 kg P20^/ha and moreover increasing the level
/

of phosphorus from 15 to 30 kg P20^/ha showed a s l ig h t  decline 

in the characters l ik e  number of leaves produced per plant 

as well as the number of branches produced. Among the y ie ld  

and y ie ld  a t t r ib u t in g  characters phosphorus influenced only 

the seed y ie ld ,  haulm y ie ld  and 1000 seed weight.

Phosphorus application did not produce any s ig n if ic a n t  

influence on o i l  content, .but influenced the protein content 

of seed s i g n i f i c a n t l y .  Also, the o i l  y ie ld  was found to be 

increased s i g n i f ic a n t l y  by the application of phosphorus.

There was s ig n if ic a n t  increase in the content and total 

uptake of nitrogen by the stover and grains due to d iff e re n t

levels of phosphorus. But there was no difference between

15 and 30 kg P20^/ha in the last two stages. Phosphorus

application s i g n i f ic a n t l y  influenced the phosphorus content

of grain and stover. Total uptake also was increased s ig n i f ic a n t ly  

with the application of phosphorus and. the highest uptake value 

was recorded with the highest level of phosphorus.

96
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Application of phosphorus did not produce any s ig n if ica n t  

influence on the potassium content of stover and grain.

There was no s ig n if ic a n t  influence on the potash uptake

also by the application of phosphorus.

Potash did not produce any s ig n i f ic a n t  influence 

on the characters l ik e  height,  number of leaves, number of 

branches and leaf area per p lant.  However s ig n if ic a n t  

influence was observed in the case of dry matter production,

but increasing the level from 15 to 30 kg l^O/ha showed a

declining trend.

Among the y ie ld  and y ie ld  a t t r ib u t in g  characters, only 

number of seeds per capsule and 1000 seed weight were influenced 

by potash application s i g n i f ic a n t l y .  Also increasing the level 

of potash beyond 20 kg l^O/ha showed a s l ig h t  depressing effect 

on a ll  the characters*

Potash application did not produce any s ig n if ic a n t  

influence on the qu a li ty  characters l ik e  protein content, o i l  

content and o i l  y ie l d .

Potash application s i g n i f ic a n t l y  influenced the 

nitrogen content of stover and grain.  Total uptake of 

nitrogen by the crop was increased s i g n i f ic a n t l y  by the 

application of potash, but increasing the level beyond 20 kg 

K20/ha could not make any difference in the uptake.

Application of potash did  not produce any si gni fi  cant 

influence on the phosphorus content of stover,  but influenced



9 8

the Phosphorus content of grains significantly. Potash application 
also significantly influenced the total uptake of Phorphorus by 
the crop.

Applied Potassium significantly influenced the Potassium content 
of seeds and stover. Total uptake of Potash was significantly 
increased with applied Potassium at all the stages of growth.

The work revealed that the yield performance of Sesamum Var. 
Thilothama under partially shaded upland situation was comparable 
with the average yield of the crop reported in Package of practices 
Recommendations-82.

When the economics of Fertilizer application was taken in to 
consideration, maximum net profit of Rs.1070/ was obtained with the 
application of 40KgN, 15Kg P2 0^, and 20Kg K^O/ha. Therefore it can 
be concluded that a combination of 40Kg N, 15Kg £2^5 anci ^OKg K.rP/ha 
is the most advantageous fertilizer dose for Sesamum Var. Thilothama 
in the partially shaded uplands of Vellayani.
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AFPSNSIX - X

Weather data during the crop year and its variation from the past 25 years
(Feb* 1983 to Jan*1984)

Maximum temperature ?C Minimum temperature °C Rainfall Cm ) Relative humidity

Crop Average for Variation Crop Average Variation Crop Average variation Crop Average var-
year 25 years year for 25 

years
year for 25 

years
year for 25 

years
iati

_

February 31.76 31.35 + 0.41 20.67 22.78 -2.11 — 35.20 -35.20 71.20 82.49 -9.29

March 32.43 32.16 + 0.27 22.62 23.97 _ -1.35 16.5 34.34 -17.84 73.06 81.62 -8.62

April 32.97 32.21 + 0.76 24.20 24.96 -0.76 73.0 94.27 -21.27 74.12 83.54 -9.42

May 32.21 31.“77 + 0.44 23.73 24.87 -1.14 254.0 193.31 +60.69 79.17 85 , 27 —6 .1C

June 29.65 30.46 — 0.75 22.77 23.89 -1.12 500.5 299.01 +201.49 81.52 85.57 —4.0E

July 30.16 29.73 + 0.43 22.51 23.44 -0.93 120.0 217.08 -99.08 81.82 87.43 -5.6:

August 30.05 29.77 + 0.28 21.25 23.21 -1.96 91,0 143.82 -52.82 81*75 86.30 -4.3E

September 30.48 30.09 ■ + 0*39 22.12 23.29 — 1.17 66.0 156.75 -90.75 79.65 86.12 —6 *4'

October 30.99 29.70 + 1.29 22.50 23.69 -1.19 181.5 266.97 -85.47 80.64 87.68 —7 . 0<

November 31.03 29.95 + 1.08 22.36 23.77 -1.41 149.0 209.85 —66.85 82.40 87.24 -4.8'

December 31.30 30.62 + 0.68 20.70 23.19 -2.49 19.5 69.44 -49.94 78.02 84.78 —6 »7f

J anuary 31.58 30.91 + 0.67 20.54 22.41 -1.87 - 33.55 -33.55 68.90 80.28 -10.3?

EOsitive sign (+) shows increase over the average data and 
negative sign (-) the decrease.



Appendix - II

A n a lys is  o f  variatice for  height of plants and number of

Mean squares

leaves

Source df Height of  plants Number o f  leaves

30th day 60th day Harvest 30th day 60th day Harvest

Block 5 ,11*32 65.32

CMc*i. 6 .6 5 5.18 24.51
N 2 12.55 681.39

trw
569.58 1.53 29.65 * 26.80

P 2 3.32 84.75 95.24 0.70 8.13 1.34
K 2 32.44* 463.11* 373.47* 4.23* 13.46 11.46

NP 4 5.90 23.23 59.61 0.54 1.70 15.57
NK if 5.50 26.72 15.93 1.16 3.22 0.67
PK if 6.12 91.10 48.75 0.75 6.68 16.70
NPK@A 2 3.43 85.86 70.12 0.49 1.35 8.51
NPKry 2 8.63 34.70 85.96 0.62 2.62 1.46
NP K @ 2 0.71 55.69 98.56 0.52 7.40 14.22

2 2 
NP K 2 0.16 140.56* 336.13* 0.74 10.31 24.71
e rro r 22 7.40 44.59 88.92 0.48 5.97 29.17

@ confounded effects
* Significant at 0*05 level

** Significant at 0.01 level



/
Analysis of variance for number of nodes# branches of plant and leaf area per plant.

AFPgMDIX - III

Source df Number of Nodes

M E A N  S Q U A R E S

Number of branches Leaf area
30th day 60th day Harvest 60th day Harvest Harvest

31ock 5 1.29 8.55 6.18 0.68 0.39 1.40
N 2 0.38 7.35* 6.72 1.64* 1.66* 81.71**
P 2 0.16 . 0.95 0.32 1.34 1.15 . ,5.75**
K 2 1.06** 3.41 2.82 0.57 0.11 0.72
NP 4 0.14 0.42 3.93 0.28 0.34 8.85**
NK 4 0.29 0.83 0.17 0.21 0.32 0.58
PK 4 0.19 1.64 4.17 0.19 0.47 1.20
NPKS 2 0.12 0.29 2.13 0.07 0.030 0.12
NPK2 2 0.16 0.09 0.37 0.19 0.0063 0.68
A 2 0.13 1.98 3.55 0.85 0.25

OJo•o

n p 2k 2 2 0.18 2.58 6.11 0.14 0.31 0.14
Error 22 0.12 1.52 ' 7.27 .0.44 0.34

€> Confounded e ffects
* S ign ificant a t 0.05 leve l

* *  S ign ificant at 0.01 level



Appendix - IV

Analysis of variance table for seed weigh!; 1000 seed weight and seed yield

Source df Mean squares

Seed weight (g / p la n t )  7000 seed weight Seed y ie l d  (kg/ha)

Block 5 0.067 .0*0017 300.51

N 2 0.56 0.045** 14202*35
P 2 0.11 0.016** 2099*85
K 2 0.067 0.045** 48*91
NP 4 0.071 0*0050 53*21
NK 4 0.10* 0.0030 826*01
PK 4 0.084 0.0029 222*19

NPK@ \ 0*057 ; 0*0013 1176*26
NPK 2 0*082 0*0012 460*02
NP2K o

2 2 NP K
2
2

0*031
0*0014

0*00065
0*00016

1435*13
1057*44

e rr o r 22 0*033 0*0014 344*63

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level



Appendix -  v

Analysis of variance table for  number of capsules per p la n t ,  weight of 
capsule per plant and number of seeds per capsule.

Source df Mean square

Number of  capsules 
per plant

Weight of capsule 
per plant

Number of seeds 
per capsule

Block 5 3.45 0.44 2.48
N 2

&
*3.01 1.83 5 7 . W

P 2 0.35 0.83 26.54*
K 2 4.24 0.22 10.13*
NP 4 1.32 0.48 8 . 62*
NK 4 2.13 0.22 3.95
PK 4 1 .63 0.13 2.51
NPK@ 2 2.11 1 .61 5.20
NPK2 2 0.24 0.67 1 .00

wp2k  @
2 2 NP K

2
2

0.80

1.93

0 .6 0
0.22

1.85
0.51

e rro r 22 2.80 0.54 2.44

@ Con&unded effects  
* S ig n if i c a n t  at 0*05 level 

** S ig n if ic a n t  at 0.01 level



Appendix - VI

Analysis  of variance ta b le  for haulm y i e l d ,  s h e l l in g  percentage
and harvest index

Source df Mean squares

Haulm y ie ld  (kg/ha) S h e l l in g  percentage Harvest index

Block 5 3097©20 0*50 0*00099
N 2 if9ifif2.00** 12,ifif** 0.0030^
P 2 19652*70** 2*50 0.0015
K 2 868*68 O.ifl 0.0002^
NP k 209if2®37 2.37 0.0025
NK if 132if6.ifO** 0*20 0.0028*
PK if ,3462.07 0*if2 0.0030
NPK@ 2 '.1638o09> 2.08 0.00057
NPK2 . 2 70ifif.09 0*if3 0.00053
NP K' @ 2 if67*00 0.89 0.0013
HP2K 2 lifl *7if 0.72 0.00085
error 22 2633.^8 _______1*59_______________ 0.00069

@ Confounded effects
* Significant at 0*05 level

** Significant at 0*01 level



Appendi x

Analysis of variance table for oi

- V I I

1 content,  protein  content and o i l  y ie ld

C m 11. /.a H'F
Mean squares

ouurC6 Ul
Oi 1 content (%) Protein  content {%) 01,1 y ie ld  (kg/ha)

Block 5 2 »06
T̂r

0.39 754777.70

N 2 5.99 9.43 50595080.20
P 2 1.37 5 ol8** 5528672.45
K 2 0.54 0.36 669189.20
NP 4 0.48 0.54 231586.17
NK 4 0.03 0.17 1709027.72
PK 4 0.77 0.21 1367064.45
NPK@ 2 0.76 0.23 4126889.71*
NPK2 2 0.04 0.43* 1759680.00

np2k  @ . 
2 2 NP^IT

2 1.53
_ * 

0.35 4521916.30*
2 0©59 0.07 2502643.06

e rro r 22 0.67 0.11 1064612.91

@ Confounded effects
* Significant at 0.05 level

* *  Significant at 0*01 level



Appendix - VIII

Analysis of variance table for drymatter production (kg/ha) at different stages

Source df

30th day

Mean squares 

60th day Harvest

Block 5 427.04

N 2 10542.29**
.A A

P 2 5930.01
K 2 2920.74

AA
800.58NP . 4

NK 4 213.81*
PK 4 76.91

NPK@ 2 1028.42**
NPK2A 2 197.35*
NP K © 
NPZK*

2
2

264.24**

7.77
e rro r 22 54.45

2120*91

714144*41

54779.56 
30410*62 
19260.20 

7116.57 
3399.55

6.94
14026.08

11845*15
2649*02

256.56

a a

a a

AA

AA1
AA

AA

AA

AA

AA

1815*21

82200*87
A A

22151*24 
663.14 

16195*27 
9800.07

3320.73 
3648.48 
7092.03 

1788.15 
1387.94 
2111.66

A*

AA

AA

AA

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level



Appendix - IX

Analysis of variance table for nitrogen content (%) of plants at different stages

Mean squares
Source df 30th day 60th day

Seeds
Harvest

Stover

Block 5 0.005 0.03 0.01 0.21

N 2 0.34 3.60 0.05 0.70
P 2

**
0.07

TfW
0.15 0.13** 0.14*

K 2
__

0.07 0.06* 0.01* 0.23**
NP 4

*
0.01 0.03 ■ i **0.014 0.03

NK 4 0.01 0.04 0.004 0.04

PK 4 0.002 0.08 0.005 0.01
NPK® 2

■ . *-k 
0.01 0.02 . 0.006 0.02

NPK2 2 0.01 0.01
it

0.01 0.02
NP2K .

2 2 
N P T T

2 0.003 0.07 0.009 0.11
2 0.002 0.04 0.002 04:10*

e rro r 22 0.002 0.02 0.003 0.03

@ Confounded effects
* Significant at 0*05 level

** Significant at 0*01 level



Appendix - X

Analysis of variance table for phosphorus content (%) of plants at different stages

Source df Mean sguares

30th day 60th day Harvest
Seeds Stover

Block 5 0.0001 0.005 0.00007 0.001
N. 2 ~0.01 0.01 0.0009 0.03
P 2

A*
0.13

**
0.29

A*
0.06 0.29

K 2 0.00003 0.001 O.OOOif 0.002**
NP k

**
0.0005 0.008 0.0001*

it*
0.005

NK a k 0.001** 0.01 j,
A*

0.0001
0.0002

0.0003
NPKA 2 0.00007 0.02 0.0003
NPK 2 0.0003 0.01 0.0003 0*006
np2k 2 0.0006 0.01 0.00005 0.001*
NP2K2@

e rro r

2
22

0.0005*
0.0001

0.002

0.007
0.00003
0.0000*f

A A
0.002
0.0002

@ Confounded effects
* Significant at 0*05 level

** Significant at 0.01 level



Appendix - XI

Analysis of variance table for potassium content {%) of plants at different stages

Mean squares
Source df

30th day 60th day Harvest
Seeds Stover

Block 5 0.17 0.08 0.00008 0.05
N 2 0.09 0.05 0.002** 0.14
P
K

2
2

0.08 
1 1 rw**4.4o

0.03
r
v7«a'26 . vj'

0.0001
0.020**

0.02
4.92

NP ** 0.01 0.02 0.0001 0.03
NK 4 0.15 0.02 oiooooy 0.02
PK 4 0.02 0.04 0^00007 0.02
NPK@ 2 0.02 0.006 0.00000009 0.05
NPK2 2 0.006 0.05 0.0001 0.05

np2k 2
2
2

0.01
0.01

0.55
0.01

0.0002*
0.00004

0.08
0.19

e rro r 22 0.09 0.04 0.00006 0.06

@ Confounded effects
* Significant at 0*05 level

** Significant at 0.01 level



Appendix - XII

Analysis of variance table for nitrogen uptake (kg/ ha) at different stages

Source df
30th day

Mean squares 

60th day

Block 5 0.02 5°99
N 2 6.33 *

A*
*709.61

P 2
« _ i  **
2 .3^ **

106*35
K 2 1.51 53.83

NP k 0.26
*

31.82
-**

NK k 0.07 22.57
_  iH:

PK A 0.01 18 .MS

NPK@ 2 0.23 2.10

NPK2 2 0.01 6.09
np2k 9  
hp2k2

2 0.01 13.95**
2 0.01 10.32*

e rro r 22 0*02 2.29

Harvest

21*79
720.16 

52 .  **2 
39.0*f 
15.21 
1 M 3  

0.85 
0.60 
6.8** 

13.95 
9.18 
^.66

**
**

@ Confounded effects
* Significant at 0.05 level

** Significant at 0*01 level



Appendix - XIII

Analysis of variance table for phosphorus uptake (kg/ha) at different stages

Source df

30th day

Mean squares

60th day Harvest

Block
N
P
K
NP
m
PK 

NPK@ 
NPK2 
NP2K
np2k2
e rro r

5
2
2
2
4
4
4
2
2
2
2

22

OeOOl
.  ifr* 

0.11

0.73 
. ** 

0.01 
. ft* 

0.01
0.004

. f t *

0.004
0.004
0.002
0.002
0.001
0.001

ft*

0.11
10.52*
55*93

0.96
2.04

0.19
0.26
0.33
0.28
0.48

.ft*
**
**
**
**i
**
**
**
**

0.31
0.03

**

0.09
6.86

39*66
0.38

**
**

_**

1.12 

0.04 

0.09 
0.03 
0.82

ft*

0.14
0.23
0.04

**

@ Confounded e ffe c ts  
* S ig n if ic a n t  at 0.05 level

S ig n i f i c a n t  a t  0*01 level



Analysis  of variance

Appendix -  XIV 

table for potash uptake (kg/ha) at d i f f e r e n t  stages

Source df
Mean squares

30th day 60th day Harvest

Block 5 0.77 10.28 5.53
N 2 0.77 187*87**

**
52.73

P 2 0.31 6 .6 0 2.66
K 2 22.70 1113.92**

**
579.71

NP 4 0.04 11 .42 5.31
NK 4 0.47 16.81 8.01
PK 4 0.16 2.63 1.77

NPK9 2 0.20 0.89 14.91
NPK

npj V

2 0.15 14.96 9.52
2 0*002 17.84 5.54

NP K 2 0.07 1.70 3.05
e rro r 22 0.32 6.60 8.24

@ Confounded effects
* Significant at 0.05 level

* *  Significant at 0,01 level



Appendix - XV

Analysis of variance table for nitrogen, phosphorus and potash uptake (kg/ha by
grains at harvest

 ijean_sguares_______________________________ ______
Source df Potassi uni

Nitrogen uptake (kg/ha) Phosphorus uptake (kg/ha) uptake (kg/ha)

Block 5 0.31 0.61 0.007
N 2

ft*
2 7.0 2 0.36 0.38

P 2
ft*

4.21
,  ** 

0 .6 0
. ft*

0.04
K 2 0.19 0.0075 0.18
NP 4 0.10 0.0044 0.004
NK 4 0.69 0.018 0.013
PK 4 0.33 0.008 0.005

NPK@ 2 1 .4o* 0.017 0.021
NPK2 2 0*54 0. 006 0.015

NP2K a  
2 2 NP K

2
**

1.59
_  „  f t

0.031 0.042
2 1 . 06* 0.017

-  * 0.025
e rro r 22 0.28 0.006 0.007

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level



Appendix - XVI

Analysis of variance table for total nitrogen (kg/ha) at different stages

Source df
30th day

Mean squares 

60th day Harvest

Block
N
P
K
NP
NK
PK

NPK@
NPK2
NP2K
np2k 2
e rr o r

<a

5
2
2
2
4
4
4
2

2
2
2

22

0.02

6.33
2.34 
1.51 
0.26 

0.07 
0.01 

0.23 
0.01 
0.01 
0.01 
0.02

**

**

**

5.99 
1709*61 

106.35 
53.83 
31 .82 
22.57 
18.46 

2*10 

6.09
13.95
10.32*

2.29

* * .v

**

13.24 
1011 .30 

59.47 
54.27' 
26.74* 
14.83 

4.64 
1 .16 

8.45 
18.57 
24.98 

8.10

**i

i r k

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level



Appendix - XVII

Analysis of variance table for total phosphorus uptake (kg/ha at different stages

Source df Mean squares

30th day 60th day Harvest

Block 5 0.001 0.11 0.37

N 2 0.11
**

10.52 13.46**

P 2 0.73 55.93 45.20**

K 2 0.01 0.96 0.$3*

NP 4
. ** 

0.01 2.04 1.73**

NK 4
. ** 

0.004 - ** 
0.19 0.074

PK 4 0.004 0.26 0.27
NPK@ 2 0.005 0.33 0.08
NPK2 2 0.002

__*>v
0.28 1.14

2 2 
NP K

2 0.002 0.48 0.13
2 0.001 0.31 0.24

e rr o r 22 0.001
_'k'k

0.03 0.13

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level



Appendix - XVIII

Analysis of variance table for total potassium uptake (kg/ha) at different stages

Mean squares
Source df -----------------------------------------------— —

30th day 6oth day Harvest

Block 5 0.77 10.28 5.27
N 2 0.77 187.87** 62.09
P
K

2
2

0.31
22.70**

6.60
1113.92**

3.11
599.57**

NP 4 0.04

CM. 5.48
NK 4 0.47 16.81 8.36
PK 4 0.16 2.63 1.67

NPK 2 0.20 0.89 8.71
NPKA 2 0.15 14.96 5.66

Np K @ 2 2^ NP K
2
2

0.002

0.07
17.84 

1.70
14.41

3.52
e rr o r 22 0.32 6.60 8.38

@ Confounded effects
* Significant at 0*05 level

** Significant at 0*01 level



Appendix - XIX

Analysis  of variance table for n it ro ge n ,  phosphorus and potash content of  the so i l
a fte r  the experiment

Mean squares
bource or

Nitrogen content Phosphorus content Potassium oontent

Block 5 0.00005 26.28* 35*46
N 2 0 . 0001* 5*65 30.11
P
K

2
2

**
0*0002
0.0002

1*33
10. 12

63*56* 
414 .79**

NP 4 0.0001 5*12 6.69
NK 4 . 0.00003 . U1 CO 6 .6 9

PK 4
**

0.0001 8.13 8.36

NPK@ 2 0.00005 2.82 5 .2 0

NPK2

NP2K a
2 2 NP K

2
2
2

0.0002
0*0002

0.00005

1.66
2.96
9.28

13.28
23.42

18.58
error 22 0*00002 8.18 15*48

@ Confounded e ffe cts
* S ig n if i c a n t  at 0*05 level

** S i g n i f i c a n t  at 0*01 level



Appendix - XX

Analysis of variance fo r  organic  carbon content of  the soil  (%) after  the
experi ment

Source df  Mean_sguares__

Organic carbon

Block 5
A*

0.01
N 2 0.00007
P 2 0.002
K 2 0.006
NP k 0.002
NK k 0.003
PK k 0.002
NPK@ 2 0.001
NPK.2 2 0.002

2 2 NP K
2 0.003
2 0.003

e rro r 22 0.002

@ Confounded effects
* Significant at 0.05 level

** Significant at 0.01 level
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ABSTRACT

An experiment was conducted in the red loam s o i ls  of

the In struct io n a l  Farm, College of A g r ic u ltu re ,  Vellayani during

1983 to study the effects of three levels of nitrogen (0 ,  20 and

40 kg N/ha), three levels of phosphorus (0 ,  15 and 30 kg PgO^/ha)

and three levels of potassium (0 ,  20 and 40 kg l^O/ha) on the

growth, y ie l d ,  o i l  and protein content and chemical composition

and uptake of mineral n utr ien ts  of sesamum. The f i e l d  t r i a l

was la id  out as a 3^ f a c t o r ia l  experiment confounding NPK in
2 2re p l ic a t io n  -  1 and NP K in  re p l ic a t io n  -  2.

The study revealed that applied nitrogen affected most 

of the growth, y ie ld  and y ie ld  a t t r ib u t in g  characters, o i l  

and protein content and the content and uptake of mineral 

elements. Height of p lants,  number of leaves, number of branches, 

dry matter production e tc .  increased upto *f0 kg N/ha. A l l  the 

y ie ld  and y ie ld  a tt r ib u t in g  characters increased s ig n i f ic a n t ly  

upto *f0 kg N/ha except sh e ll in g  percentage and seed y ie ld  

which were also showed an increasing trend upto ^0 kg/ha. 

S ig n if ic a n t  influence on o i l  and protein content of the crop was 

also noted, but there was no difference between 20 and *f0 kg N/ha 

in  the case of o i l  content. Applied nitrogen s i g n i f ic a n t l y  

influenced the nitrogen content of stover and grain at a l l  the 

stages. S i m i la r ly ,  the total  uptake of nitrogen by stover and



grains was also increased s ig n i f ic a n t l y  with the application
i'

of n itrogen. Phosphorus content of grain and stover as well 

as the total  uptake was also influenced s i g n i f ic a n t l y  by the 

applied nitrogen. Potassium content of grains as well as the 

uptake of potassium was influenced s ig n i f ic a n t ly  by the a p p l i ­

cation of nitrogen.

Applied phosphorus f a i le d  to influence most of the 

growth characters, y ie ld  and y ie ld  a ttr ib u te s  and q u a l i ty  

a t t r ib u te s .  The content and uptake of nitrogen and phosphorus 

were s i g n i f ic a n t l y  influenced by the application  of phosphorus, 

whi le the applied phosphorus did not influence the content 

and uptake of potash by the crop.

Among the growth characters, potash application 

produced s ig n i f ic a n t  influence on the dry matter production 

o n ly .  Increasing the level of potash from 15 to 30 kg K2Q/ha 

showed a declining trend in the y ie ld  a t t r ib u t in g  characters 

l ik e  number o f  seeds per capsule and 1000 seed weight.  Also 

potash application did not produce any s ig n if ic a n t  influence 

on the q u a l i ty  characters l ik e  protein content, o i l  content 

and o i l  y ie l d .  Application of potash s i g n i f ic a n t l y  influenced 

the nitrogen and potassium content of stover and g ra in .  Total 

uptake of _ni tfogen and potash were also increased s i g n i f ic a n t l y  

while increasing the level to 40 kg l^O/ha showed a declining 

trend in the uptake of nitrogen by the crop.. Phosphorus 

content of  the stover v/as not influenced s i g n i f ic a n t l y  by the



application of Potash, while the Phosphorus content of grains 
and total uptake of Phosphorus by the crop were significantly 
influenced by applied Potash.

The'work also revealed that yield performance of 
Sesamum Var. Thiiothama under partially shaded upland conditions, 
was comparable with the average yeild of the crop reported in 
the Package of Practices Recommendations-82.

From the economics of Fertilizer application worked out, 
it can be concluded that a combination of 40KgN, 15Kg and
20Kg K2 O/ha is the most advantageous Fertilizer dose for 
Seamum Var. Thiiothama in the partially shaded red loam Soils of 
Vellayani.




