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INTRODUCTION

Rice (Oryza sativa  L . ) i s  the most important food 

crop o f the world and forms a primary and secondary stap le  

food fo r  about 3 b i l l io n  people. Nitrogen i s  the f e r t i l i z e r  

nutrient most commonly applied to r ic e  (IRRI, 1986). In the 

year 2000. demographic forecast indicates an add itional 

1.7 percent increase in  demand per annum fo r  r ic e  world  

over (IRRI, 1986) and accordingly the demand fo r  nitrogen  

to f e r t i l i z e  r ic e  w i l l  increase. Furthermore, with the 

introduction o f high y ie ld in g  v a r ie t ie s , there has been an 

increasing tendency to depend more on inorganic nitrogenous 

f e r t i l iz e r s  fo r  enhancing r ic e  production. But the rap id  

escalation  in  the cost o f chemical f e r t i l i z e r s  resu ltin g  

from withdrawal o f government subsidies without corresponding 

proportionate increase in  produce-prices frequently deter 

the resource poor farmers from using them in  required  

quantities. I t  i s  therefore o f both economical and ecolo

g ic a l concern to look fo r  a lternative  nitrogen sources.

Renewed in te rest has recently  been given to green 

manures to sustain  low land r ic e  productivity , reduce 

farm er's dependence on mineral nitrogenous f e r t i l i z e r s  and 

lower their high cash input. B io log ica l nitrogen fix a tio n  

by leguminous green manure crops has the po ten tia l to cover 

the substan tia l portion o f the nitrogen required by r ic e .
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Apart from supplying nitrogen to the succeeding crop, green 

manure crops help to increase the organic matter content of 

s o i ls ,  maintain and improve s o i l  structure, reduce lo ss o f 

nutrients p a rticu la rly  nitrogen and reduce s o i l  loss by 

erosion. However, narrow eco log ica l adaptab ility  and 

intolerance to waterlogging r e s t r ic t  the use o f leguminous 

green manure in  low land r ic e .

Sesbania spp. are id ea l green manures as they can 

grow in  a wide range o f eco-geographical regions and on 

d iffe ren t  types o f s o i l .  Sesbania aculeata (dhaincha), 

a leguminous green manure with root nodules i s  a very 

popular green manure fo r  r ic e  among farmers. Sesbania rostrata  

i s  a t ro p ica l, leguminous green manure, which produces 

nodules on both roots and stem and possess the capacity to 

grow in  flooded as w e ll as in  dry condition. I t  is  a native 

o f Senegal, West A fr ic a . Advantages o f Sesbania rostrata  

as a green manure crop include i t s  a b i l i t y  to  pick up 

Rhizobium bacteria  even from an a e r ia l spray inoculant, 

adaptation to waterlogged conditions and production of more 

nodules than other green manure crops (Singh et a l . ,  1988). 

Unlike other legumes, Sesbania ro stra ta  can grow w e ll in  

sa lin e  and a lkaline s o i ls .

In Kerala, the production and use o f green manures 

i s  very much lim ited. Furthermore, use o f farm yard manure
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i s  a lso  lim ited  because o f  i t s  low a v a i la b i l i t y  and high  

cost. Growing green manure crops and in  s itu  incorporation  

i s  an e f f ic ie n t  method o f adding organ ic manure to paddy 

f ie ld s .  Leguminous green manure crops l ik e  sesbania rostra ta  

has the added advantage o f  enriching the s o i l  nitrogen  

statu s. The average nitrogen y ie ld  o f  Sesbania ro stra ta  

i s  reported to be about 200 kg per hectare ( Dotonergues,

1983). Inoculation  o f Sesbania ro s t ra ta  with Rhizobium has 

been found to have a p o s it iv e  in fluence on the green matter 

y ie ld , dry matter production and n itrogen  y ie ld  o f  

Sesbania ro s t ra ta . The p lant has been reported  to have 

the capacity  to pick up Rhizobla b a c te r ia  even from a spray  

inocu lant. Considerable economy in  n itrogen  use can be 

e ffec ted  by su bstitu ting  at le a s t  a part o f the chemical 

nitrogen recommended to the r ic e  crop by the incorporation  

o f Sesbania ro s t ra ta . Keeping the above fa c ts  in  view the 

present in vestiga tion  was carried  out p rim arily  to determine 

the extent upto which the nitrogen recommended fo r  r ic e  

could be substitu ted  by the nitrogen supp lied  through 

incorporation  o f Sesbania ro s t ra ta . The investiga tion  was 

ca rr ied  out w ith  the fo llow in g  o b je c t iv e s :

( i )  to study the in fluence o f Rhizobium inocu lation  (seed, 

stem and seed and stem inocu lation ) on the growth and 

biomass p roductiv ity  o f  Sesbania ro s tra ta  in  r ic e  f ie ld s .



( i i )  to assess the influence of in  s itu  ra is in g  and

incorporation o f Sesbania ro stra ta  in  conjunction with 

d iffe ren t rates o f  nitrogen on the growth and y ie ld  

o f succeeding r ic e  crop.

( i i i )  to study the influence o f incorporation o f

Sesbania ro stra ta  in  economising the use of chemical 

nitrogen fo r  r ic e .

( i v )  to work out the economics o f the use o f Sesbania rostrata  

in  r ice  cu lture.

4-
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REVIEW OF LITERATURE

A b r ie f  review o f lite ra tu re  pertain ing to "Econo

mising nitrogen in  r ic e  production with Sesbania ro stra ta " 

is  presented in  th is  chapter.

2.1 Growth performance and productivity o f Sesbania rostrata

2.1.1 E ffect o f inoculation

Inoculating Sesbania rostrata  with Rhizobium has 

been reported to have a favourable in fluence.

2.1.1.1 Green matter y ie ld

Daroy e t  a l .  (1987) found that inocu lating  

Sesbania rostrata  with Rhizobium sp. ORS 571 had a s ign i

fican t e ffe c t  on p lant biomass. Further stem inoculation  

was inev itab le  fo r  Sesbania rostra ta  sown under dry 

conditions fo r  higher biomass production.

Manguiat e t  a l .  (1987) found that inoculation o f 

Sesbania rostrata  increased the biomass production by as 

much as 93 percent.

2.1.1 .2  NOdulation characteristics

Dreyfus et a l .  (1985) found that Sesbania rostrata  

plants were capable o f picking up an a e r ia l spray of 

sp ec ific  Rhizobium ORS 571. They observed an increase in
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stem Modulation when the shoots of Sesbania rostrata were 

sprayed with a liqu id  culture o f sp ec ific  Rhlzoblun ORS 571.

Daroy et a l. (1987) obtained a greater number of 

nodules and nodule biomass in  Sesbania due to inoculation. 

They found that under flooded conditions root inoculation 

alone was su ffic ien t to  induce both root and stem nodules 

whereas both root and stem inoculation was needed in 

unflooded condition.

Ladha et a l. (1989) reported that inoculation with 

Azorhizoblum caulinodans ORS 571 Str Spe (resistan t to 

Streptomycin and Spectinomycin) on the stem alone or on 

both root and stem s ign ifican tly  increased Modulation and 

nitrogen fixation  in  plants. They also found that s o i l  

and seed inoculation yielded active nodules under flooded 

conditions.

2.1.1.3 Nitrogen y ie ld  of Sesbania rostrata

Bronson (1983) reported that Sesbania rostrata  

accumulated 18 kg nitrogen per hectare during 40 day growth 

period.

Rinaudo et a l .  (1983) estimated the nitrogen fixed  

by Sesbania rostrata to be at least 267 kg nitrogen per 

hectare, one-third being transferred to the crop and two- 

th ird  to the so i l.
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Sesbania ro s tra ta  produced a n itrogen y ie ld  o f  89 

and 176 kg per hectare in  49 and 61 days re s p e c t iv e ly  

(Furoc e t  a l . ,  1985; Morris e t  a l . ,  1986).

Gines e t  a l .  (1987) obtained n itrogen y ie ld s  ranging 

from 62 to  88 kg per hectare from 45 day o ld  Sesbania ro s tra ta .

Ventura e t  a l .  (1987) reported  an y ie ld  o f 79 kg 

n itrogen  per hectare from a 47 day duration Sesbania ro s tra ta .

Ndoye and Dreyfus (1988) found that about 83 to  

109 kg n itrogen  per hectare would be f ix e d  in  60 days by 

Sesbania ro s tra ta .

Halepyati and Sheelavantar (1990) found that 

Sesbania ro s tra ta  accumulated 156 kg n itrogen  per hectare 

m  55 days.

Sahu and Sahu (1992) found that Sesbania ro s tra ta  

contained about 4.65 per cent n itrogen and f ix e d  about

44.2 kg n itrogen per hectare.

The above rev iew  revea ls  that the n itrogen  accumula

tion  by Sesbania ro s tra ta  va r ies  w idely from p lace to  p lace. 

Even in  P h ilip p in es , the n itrogen  y ie ld  o f  sesbania ro s tra ta  

varied  from 70 to  262 kg n itrogen  per hectare in  a crop o f 

45 to  50 day duration.

2.2 Growth and p rod u c tiv ity  o f r ic e  as in fluenced by 
Sesbania ro s tra ta

Rinaudo e t  a l.  (1983) reported  that the app lica tion
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k c>2 i-ical f t r t i l i z e r  n. trogen increased the g ra ’ n 

-hove that o f con tro l by 1.69 tonnes per hectare, vher^as 

.ncorporating Sesbania rostra ta  as green manure resu lted  

in  a gra in  y ie ld  increase o f  3.72 tonnes per hectare.

Incorporation o f  Sesbania ros tra ta  increased r ic e  

y ie ld s  and n itrogen uptake 2-3 fo ld  over the flo o d -fa llo w  

treatment (IR R I. 1987).

No s ig n ific a n t d iffe ren ces  in  r i c e  grain y ie ld  were 

observed between the green manure treatment w ith  and without 

f e r t i l i z e r  app lication  (IRR I, 1988).

Singh e t  a l. (1988) observed that ploughing in  o f 

Sesbania ro s tra ta  before transp lanting r ic e  increased paddy 

y ie ld s  by 3-7 tonnes per hectare, w h ile  60 kg n itrogen per 

'-ectare increased y ie ld s  by on ly 1.7 tonnes per hectare.

Furoc and Morris (1989) reported  that the advantage 

o f  growing Sesbania spp. fo r  more than 48 days to  accumulate 

n itrogen  in  excess o f 100 kg per hectare was lim ited .

Rabindra e t  a l.  (1989) reported  that Sesbania rostrata  

could substitu te f e r t i l i z e r  n itrogen upto 70 kg per hectare 

w ithout s ig n ific a n t y ie ld  reduction . Uptake o f  nitrogen 

was b e tte r  w ith  Sesbania ro s tra ta .

Ladha e t  a l . (1989) got increased grain y ie ld  and 

n itrogen  uptake fo r  succeeding r ic e  crop a fte r  Sesbania rostra ta



About 80 percent o f  n itrogen  gained was tran s ferred  to  

succeeding r ic e  crop and about 20 percent remained in  s o i l .

Halepyati and Sheelavantar (1990) found that 

Sesbania ro s tra ta  along w ith  100 percent o f  recommended 

n itrogen increased the gra in  y ie ld  by 13.65 qu in ta ls  per 

hectare over co n tro l.

K a lidu ra i and Kannaiyan (1990) found that 

Sesbania ro s tra ta  (w ith  3.7 percent n itrogen ) and 

Sesbania aculeata (w ith  2.9 percent n itrogen ) w ith  60 kg 

n itrogen  per hectare s ig n if ic a n t ly  increased gra in  and straw 

y ie ld s .

Alagappan (1990) obtained a 12 percent increase in  

r ic e  crop y ie ld  w ith  the incorporation  o f  Sesbania ro s tra ta  

seed lin gs .

Raju and Anand Reddy (1991) observed that incorpora

tion  o f  dhaincha (Sesbania acu leata ) 9 5 tonne per hectare 

increased gra in  y ie ld  by 42.8 percent compared w ith  n itrogen . 

But Sesbania ro s tra ta  d id  not improve the y ie ld  o f  r ic e  

markedly.

Thakur (1991) obtained h ighest gra in  y ie ld s  w ith 

recommended f e r t i l i z e r s ,  w ith Sesbania ro s tra ta  plus 

phosphorus and 40 kg n itrogen  per hectare in  two equal 

s p l i t s .  Straw y ie ld s  w ith  these treatments a lso  fo llow ed  

the same trend.
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Sahu and Sahu (1992) observed that Sesbania rostra ta  

gave 28 percent more y ie ld  o f r ic e  while Sesbania cannabina

gave 29 percent more y ie ld .

2.3 Growth and productivity  o f r ic e  as influenced by 
n itrogen

2.3.1 E ffe c t  o f  nitrogen on growth characters

2.3.1.1 P lant height

Tomy (1963) recorded a s ig n ific a n t increase in  

height o f  plants during the productive phase as the dose 

o f n itrogen was increased.

P i l l a i  (1971) reported an increase in  p lant height

with graded doses o f nitrogen supply upto 100 kg per hectare.

Sambali and Gupta (1972) observed that plant height 

increased w ith increasing le v e ls  o f  nitrogen upto 200 kg 

per hectare.

Eunus and Sadeque (1974) concluded that plant height 

was unaffected by d iffe ren t le v e ls  o f  nitrogen.

Balachandran Nair (1976) did not notice any s ig n i f i 

cant increase in  p lant height due to  d iffe ren t  le v e ls  o f  

n itrogen w ith d ire c t  seeded T riven i r ic e  a t Vellayan i 

during the th ird  crop season.

Lenka e t  a l.  (1976) obtained increase in  plant height 

with increasing le v e ls  o f nitrogen upto 100 kg per hectare.
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Nagre and Mahajan (1981) obtained increase in  plant 

height w ith increasing le v e ls  o f  n itrogen.

Increase in  p lan t height due to  n itrogen application  

were also reported by Nair and Koshy (1981) and Susharnakunari 

(1981).

Sreekumaran (1981) did not get any s ig n ific a n t 

increase in  p lant height due to  nitrogen app lication .

Sobhana (1983) obtained a marked Increase in  plant 

height as a resu lt o f  app lication  o f n itrogen.

Ajithkumar (1984) found that nitrogen had no s ig n i f i 

cant in fluence on the heicfit o f p lants.

Reddy e t  a l.  (1987) reported that nitrogen s ig n i f i 

cantly increased the height o f p lants.

2.3.1.2 Number o f t i l l e r s  per square metre

Lenka and Behera (1967) found that the number o f 

t i l l e r s  per square metre were p rogress ive ly  increased with 

increased application  o f n itrogen.

Sahu and Lenka (1967) reported that the number o f 

t i l l e r s  per p lant was in fluenced by the d if fe r e n t  le v e ls  o f 

n itrogen, though not s ig n if ic a n t ly .

Nair (1968b)did not get s ig n ific a n t increase m  the 

number o f  t i l l e r s  w ith increased rates o f n itrogen application .
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Ramanujam and Sakharam Rao (1971) have reported an 

enhancement in  t i l l e r  production due to  n itrogen application .

Alexander e t  a l.  (1972) and Meera Sahib (1974) 

reported  that t i l l e r  production was found to  be s ign ific a n tly  

in fluenced by n itrogen application .

Balachandran Nair (1976) d id  not obtain s ign ific a n t 

in fluence o f nitrogen rates on t i l l e r  production.

Lenka e t  a l. (1976) recorded an increase in  the 

number o f t i l l e r s  with increasing le v e ls  o f applied n itrogen 

upto 180 kg per hectare.

Nair and Koshy (1981) reported  a s ign ifican t influence 

o f  n itrogen on t i l l e r  production.

Nagre and Mahajan (1981) a lso  noticed an increase in 

the number o f  t i l l e r s  per plant w ith  increase in  the le v e l 

o f  n itrogen.

Findings o f Ajithkumar (1984) and Surendran (1985) 

were also an increase in  t i l l e r  number with increase in  

nitrogen.

Reddy (1986) reported that increasing nitrogen 

application  to r ic e  cv. Jaya from 0 to  180 kg n itrogen per 

hectare increased the number o f  t i l l e r s  per h i l l .

Thakur and Singh (1987) observed that the number o f 

t i l l e r s  per square metre increased with increasing le v e ls
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o f n itrogen upto 100 kg per hectare.

2.3.2 E ffe c t o f  nitrogen on y ie ld  and y ie ld  a ttribu tes

2.3.2.1 Number o f  productive t i l l e r s  per square metre

Sood and Singh (1972) observed an increase in  the 

number o f ear-bearing t i l l e r s  in  t a l l  ind ica  v a r ie t ie s  

with an increase in  n itrogen le v e ls  from 0 to  90 kg per 

hectare.

Balachandran Nair (1976) observed that the e f f e c t  of 

le v e ls  o f  n itrogen on the number o f productive t i l l e r s  per 

square metre was not s ig n ific a n t.

D ix it  and Singh (1978) reported that nitrogen applica

tion  increased the number o f productive t i l l e r s  per square 

metre.

Singh e t  a l.  (1979) recorded an increase in  productive 

t i l l e r s  w ith increase in  f e r t i l i z e r  le v e ls .

Murthy and Murthy (1981) found that n itrogen applica

tion  increases the productive t i l l e r  number.

S im ilar resu lts  were reported by Sreekumaran (1981), 

Balasubramaniyan (1984), P i l l a i  e t a l .  (1984), keddy e t  a l. 

(1987), Subbiah e t  a l .  (1988) and Ramasubba Reddy and 

Anand Reddy (1989).
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2.3 .2 .2  Pan ic le  weight

P i l l a i  (1971) reported  an increase in  pan icle weight 

w ith increase in  le v e ls  o f  n itrogen app lica tion .

Sushamakumari (1981) reported s ig n if ic a n t  increase 

in  pan ic le  weight a t 60 and 90 kg le v e ls  o f n itrogen in  

Jaya v a r ie ty .

Ajithkumar (1984) d id  not observe any s ig n ific a n t 

d iffe ren ce  in  pan ic le  weight w ith  le v e ls  o f  n itrogen.

Vaijayanth i (1986) observed no s ig n if ic a n t  d iffe ren ce  

in  weight o f pan ic le  due t o  d if fe r e n t  doses o f  n itrogen .

2.3.2.3  Percentage o f  f i l l e d  grains

Alexander e t  a l .  (1972) found that w ith increase in 

the le v e ls  o f n itrogen  the number o f  f i l l e d  grains per 

pan ic le  increased.

Sreekumaran (1981) observed that le v e ls  o f nitrogen 

had no s ig n if ic a n t  in flu ence on the number o f  f i l l e d  grains 

per pan ic le .

Ajithkumar (1984) a lso d id  not observe any s ig n ific a n t 

in fluence o f  n itrogen  on the percent f i l l e d  grains per 

pan ic le .

P i l l a i  e t  a l .  (1984) found that the f i l l e d  grain 

percentage was favourab ly in fluenced by n itrogen .
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Surendran (1985) observed a s ig n ific a n t increase in 

the percentage o f f i l l e d  grains when the le v e l  o f n itrogen 

was increased from 20 to  40 kg per hectare.

Srin ivasalu  Reddy (1986) reported that increasing 

nitrogen le v e ls  from no nitrogen to  180 kg nitrogen per 

hectare increased the f i l l e d  gra in  percentage.

Ramasubba Reddy and Anand Reddy (1989) a lso observed 

that the percentage o f f i l l e d  grains increased as the le v e l 

o f  nitrogen was increased from 40 to 120 kg per hectare.

2.3.2.4 Percentage o f  u n fille d  grains

Balachandran Nair (1976) reported that application  

o f  nitrogen d id  not in fluence the percentage o f  u n filled  

grains in  T rlven l va r ie ty .

Bhaumik and Ghosh (1977) found that with increase m  

nitrogen rates applied, the number o f u n fille d  grains per 

panicle increased.

Surendran (1985) observed a lin ea r increase in  the 

percentage o f  u n fille d  grains with increase in  n itrogen 

dose from 20 to  60 kg per hectare.

Reddy e t  a l .  (1987) observed a greater percentage o f  

chaffiness at higher n itrogen le v e ls .

2.3.2.5 Thousand grain weight

Alexander e t  a l .  (1972) observed that thousand grain
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weight was increased by n itrogen le v e ls  in  T rlven l v a r ie ty  

o f  r ic e .

Rajasekhara and Morachan (1974) found that increased 

doses o f n itrogen  decreased thousand gra in  weight.

P i l l a i  e t  a l .  (1976) reported that thousand gra in  

weight was not a ffe c ted  by n itrogen le v e ls .

Nair and Koshy (1981) pointed out that the d if fe r e n t  

le v e ls  o f  n itrogen  had no s ig n ific a n t in flu ence on the 

thousand gra in  weight.

Balasubramaniyan (1982) noticed  on ly a marginal 

increase in  te s t  weight due to  app lica tion  o f  n itrogen .

Sharma and Rajendra Prasad (1982) found that each 

successive increase in  the dose o f n itrogen  from 0 to  120 kg 

per hectare s ig n i f ic a n t ly  increased the thousand grain  

weight.

Sobhana (1983) obtained considerable increase in  

thousand gra in  weight due to  increased f e r t i l i z e r  app lication .

Ajithkumar (1984) observed that the e f f e c t  o f  nitrogen 

on thousand g ra in  weight was not s ig n if ic a n t .

Surendran (1985) reported  that thousand gra in  weight 

increased due to  n itrogen app lica tion  in  Lekshmi v a r ie ty  o f 

r ic e .
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Srin ivasa lu  Reddy (1986) found that Increasing 

n itrogen  le v e ls  from no n itrogen  to  180 kg n itrogen per 

hectare increased the thousand gra in  weight.

Dalai and D ix it  (1987) reported  an increase in  

thousand gram  weight w ith  in creas ing  le v e ls  o f  n itrogen .

2.3 .2 .6  Grain y ie ld

Tanaka (1958) got no apparent increase in  gra in  y ie ld  

as a r e s u lt  o f  increased ap p lica tion  o f  n itrogen .

Po tty  (1964) recorded s ig n if ic a n t  increase in  gra in  

y ie ld  w ith  the increase in  dose o f  n itrogen .

Nair (1968a) found that there was a p o s it iv e  lin ea r  

response upto 100 kg per hectare fo r  IR-8 v a r ie ty .

Le and A lesh in  (1970) found that app lica tion  o f high 

ra tes  o f  n itrogen to  r ic e  p lants decreased paddy y ie ld s .

Rethlnam (1974) observed steady increase in  y ie ld  

w ith  enhanced doses o f  n itrogen  and the h ighest y ie ld  was 

obtained w ith 160 kg n itrogen  per hectare.

Fagundo e t  a l .  (1978) found that w ith fou r n itrogen  

le v e ls  from 0 to  240 kg per hectare showed increase in 

t i l l e r in g  but had very  l i t t l e  e f f e c t  on f in a l  y ie ld .

Wells and Faw (1978) found that n itrogen ra te  was 

weakly co rre la ted  w ith  y ie ld .
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Droupathi Devi e t  a l.  (1981) found that n itrogen 

had no s ig n ific a n t in fluence on y ie ld .

Sushamakumari (1981) found that f e r t i l i z e r  le v e ls  

ex e rt s ig n if ic a n t  in fluence on grain  y ie ld .

Ayyaswamy e t  a l .  (1983) reported  that app lica tion  o f 

d i f fe r e n t  le v e ls  o f  n itrogen s ig n if ic a n t ly  Increased y ie ld  

and 120 kg n itrogen  per hectare recorded the maximum y ie ld .

App lication  o f  nitrogen at le v e ls  h igher than

112.5 kg per hectare was found to  induce more o f  v ege ta tiv e  

growth and resu lted  in  more ch a ffy  grains and thereby lower 

gra in  y ie ld  (PL-480, 1985).

Perumal e t  a l.  (1985) found that g ra in  y ie ld  o f r ic e  

v a r ie ty , Bhavani showed considerable increase upto 150 kg 

n itrogen  per hectare.

Vaijayanth i (1986) obtained a s ig n if ic a n t  increase 

in  gra in  y ie ld  w ith  increase in  le v e l  o f  n itrogen  in  Cheradi 

v a r ie ty  o f  r ic e .

Reddy e t  a l .  (1987) found s ig n if ic a n t  increase in  

gra in  y ie ld  w ith  increasing le v e ls  o f  n itrogen  from 0 to 

120 kg n itrogen per hectare.

Babu Mathew (1987) observed that g ra in  y ie ld  showed 

an increasing trend w ith increase in  the le v e l  o f  nitrogen 

upto 112.5 kg per hectare in  Jaya v a r ie ty  o f r ic e .
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Sim ilar resu lts  were obtained by Thakur and Singh 

(1987), Wankhade and Pandrangi (1988) and Saikia and Dutta 

(1989).

2.3.2.7 Straw y ie ld

Sahu and Lenka (1967) observed s ig n ific a n t increase 

in  straw y ie ld  w ith increased app lication  o f  n itrogen.

Rao and Ramanujam (1971) reported  that increase o f  

n itrogen le v e ls  from 0 to  180 kg per hectare increased 

straw y ie ld .

Raj e t  a l.  (1974) reported that straw y ie ld  was 

increased by the applied nitrogen from 0 to  250 kg per 

hectare.

Venkateswaralu (1978) found that straw y ie ld s  increased 

with nitrogen le v e ls  upto 200 kg per hectare o i l y  and beyond 

th is  le v e l i t  declined .

Sushamakumari (1981) observed that n itrogen a t higher 

le v e ls  p rogress ive ly  increased straw y ie ld  and the highest 

straw y ie ld  was recorded a t 90 kg n itrogen per hectare.

Sobhana (1933) obtained progressive increase in  straw 

y ie ld  w ith increasing le v e ls  o f  n itrogen.

Ajithkumar (1984) reported that higher le v e l  o f  

n itrogen p o s it iv e ly  in fluenced straw y ie ld  o f Mashurl r ic e  

during rab i season.
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D ala i and D ix it (1987) got increased straw  y ie ld s  

with each successive le v e l  o f  n itrogen.

2.4 Chemical Analysis

2.4.1 N itrogen  uptake

Sadanandan e t  a l .  (1969) reported  that n itrogen 

content in  the p lan t decreased w ith advancement o f  growth.

I t  remained a t a com paratively higher l e v e l  upto t i l l e r in g  

phase, and th e rea fte r  declined s teap ly .

Gopalaswamy and Raj (1977) reported  a lin e a r  increase 

in  the uptake o f nitrogen w ith  an increase in  the ra te  o f 

applied n itrogen  from 0 to  200 kg per h ectare.

Agarwal (1978) found that app lica tion  o f  n itrogen  

upto 120 kg per hectare increased the n itrogen  uptake.

Sharma and Prasad (1980) reported  th a t n itrogen 

uptake was increased w ith increase in  ra te  o f  n itrogen  

applied.

Sushamakumari (1981) found that le v e ls  o f n itrogen  

s ig n if ic a n t ly  in fluenced nitrogen uptake a t a l l  stages.

Sah and Mikkelsen (1983) found that n itrogen  uptake 

o f r ic e  was increased with increasing n itrogen  ra te s .

Perumal e t  a l.  (1985) reported  that uptake o f  nitrogen 

by r ic e  v a r ie ty , Bhavani showed considerable increase upto 

150 kg n itrogen  per hectare.
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Rama Subba Reddy and Anand Reddy (1986) found that 

n itrogen app lica tion  Increased n itrogen  uptake at a l l  growth 

stages.

Thakur and Singh (1987) found that n itrogen uptake 

increased w ith increasing le v e ls  o f  n itrogen  upto 100 kg 

per hectare.

Wankhade and Pandrangi (1988) a lso  got progressive 

increase in  n itrogen  uptake w ith  increasing le v e ls  o f 

n itrogen.

Saik ia and Dutta (1989) a lso  obtained s im ila r  re su lts .

2.4.2 Phosphorus uptake

Loganathan and Raj (1972) reported  that the uptake 

o f  phosphorus by paddy was not in fluenced by n itrogen  

app lica tion .

Pathak e t  a l .  (1972) observed higher concentration 

o f  phosphorus in  p lants a t h igh f e r t i l i t y  le v e l .

Singh and Bhardwaj (1973) found that sm aller amount 

o f  n itrogen app lica tion  enhanced phosphorus absorption by 

r ic e  p lan ts.

Raju (1978) reported  increased phosphorus uptake 

w ith increased n itrogen  app lica tion  from 0 to  180 kg per 

hectare.



Nair and Koshy (1981) found that n itrogen  had no 

s ig n if ic a n t  in flu ence on the content and uptake o f  phosphorus 

by gram  and straw.

Wankhade and Pandrangi (1988) observed a progressive 

increase in  the uptake o f phosphorus w ith  the increasing 

le v e ls  o f  n itrogen .

2.4.3 Potassium uptake

Sadayappan and Kolandaiswamy (1974) noticed an 

increase in  potassium uptake w ith increase in  n itrogen  

le v e l  upto 100 kg per hectare.

Esakkimuthu e t  a l .  (1975) found that potassium uptake 

was increased w ith  applied n itrogen .

Agarwal (1978) reported that potassiun uptake was 

increased by app lica tion  o f n itrogen  upto 120 kg per hectare.

Singh and Modgal (1978) observed that uptake o f 

potassium was enhanced by the ap p lica tion  o f  n itrogen upto 

120 kg per hectare.

Nair and Koshy (1981) found that the potassium uptake 

was not in fluenced by n itrogen app lica tion .

Wankhade and Pandrangi (1988) observed a progressive 

increase in  the uptake o f  potassiun w ith  the increasing 

le v e ls  o f  n itrogen .

22
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2.4.4 Calciun uptake and Magnesium uptake

Gopalaswamy and Raj (1972) reported a h igh ly  s ign i

f ic a n t co rre la tion  between uptake o f  nitrogen and uptake 

o f  calcium and magnesium.

Nair and Koshy (1981) found that the calcium uptake 

was in fluenced s ig n if ic a n t ly  by n itrogen, while magnesium 

uptake was not a ffec ted .

2.4.5 Protein  content

Basak e t  a l.  (1961) observed that increased nitrogen 

le v e l did not in fluence the protein  content o f r ic e  markedly.

Govindaswami and Ghosh (1968) observed an increase 

in  protein  content from 6.55 percent to  7.98 percent as the 

n itrogen le v e ls  were increased from 0 kg per hectare to 

80 kg per hectare.

Ramanujam and Rao (1970) observed an increase in  

protein  content from 8.50 percent to  11.50 percent corres

ponding to n itrogen le v e ls  from 0 to  180 kg per hectare.

Kulkarni (1973) reported a 40 to 50 percent increase 

in  grain protein  content w ith increasing rates o f  nitrogen 

application  from 0 to 150 kg per hectare.

Agarwal (1978) reported an increase in  crude protein  

content from 9.09 to  10.65 percent due to  n itrogen  applica

tion .
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Mahajan and Nagre (1981) observed an Increase in  

protein content in  r ic e  grain with increase in level of 

nitrogen.

Jayakumar and Kandaswamy (1985) found that increasing 

nitrogen leve ls upto 120 kg per hectare increased the crude 

protein content considerably.
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MATERIALS AND METHODS

An investigation  was ca rr ied  out with the ob jective  

o f assessing the influence o f in  s itu  growing and incorpo

ration o f Sesbania ro stra ta  on the growth and productivity  

o f r ic e  and studying the economy o f nitrogen use by r ic e .

The experiment was ca rr ied  out during the period  

from July 1991 to December 1991. The d e ta ils  o f the 

m aterials used and methods adopted fo r  the study are 

presented in  th is  chapter.

3.1 MATERIALS

3.1.1 Experimental s ite

The experiment was conducted at the Instructional 

Farm. College o f Agricu lture , Ve llayan i. The farm is  

located at 8.5°N la titu de  and 76.9°E longitude, at an 

a ltitude  o f 29 m above mean sea le v e l.

3.1.2 S o il

The s o i l  o f the experimental s ite  was sandy c lay  loam 

m  texture. The physico-chemical properties of the s o i l  o f 

the experimental s ite  are given below.



T ab le  l a .  M echanical A n a ly s is  o f  the s o i l  o f  the 
experim ental s i t e

C onstitu en t Content in  
s o i l  ( %)

Method used

A . M echanical 
Com position
Coarse sand 50.75

In te rn a t io n a l  
P ip e t te  Method 
(P ip e r ,  1950)

F ine sand 12.15

S i l t 5.00
C lay 27.50

T ex tu ra l c la s s sandy c lay  
loam

T ab le  l b .  Chemical p ro p e rt ie s  o f  the s o i l  o f  the  
experim ental s i t e

C onstituen t Content R atin g  Method used
__________________________ in _s o i l ______________________________

B. Chemical 
Com position

A v a i la b le  
n itrogen  
(k g  h a -1 )

A v a i la b le  
phosphorus 
(k g  ha“ l )

A v a i la b le  
potassium  
(k g  ha“ l )

A v a i la b le  
calcium  
(k g  h a -1 )

A v a i la b le  
magnesium 
(k g  ha“ l )

O rganic  
carbon { %)

PH

313.60 Medium

35.91 Medium

86.60 low

201.20

120.61

0.93 High

4.9  A c id ic

A lk a lin e  potassium  
permangana te  
method (Subbiah  
and A s i ja .  1956)

Bray co lo rim etr ic  
method (Jackson, 
1973)

Ammonium acetate  
method (Jackson, 
1973)

Anmonium acetate  
method (Jackson, 
1973)

Ammonium acetate  
me thod ( Jackson, 
1973)

W alk ley and Black  
rap id  t i t r a t io n  
method (Jackson, 
1973)
1 :2 .5  s o i l  so lu tion  
r a t io  u sing  pH 
meter w ith  g la s s  
e lec tro d e
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3.1.3 Cropping h istory  o f the f ie ld

The experimental s it e  selected was ly ing  fa llo w  fo r  

three months before the experiment and p r io r  to that i t  

was under a bulk crop o f r ic e .

3.1.4 Season

The experiment was conducted during the period from 

July 1991 to December 1991.

3.1.5 Weather condi tions

The experimental s ite  enjoys a humid trop ica l 

climate. The data on various weather parameters (r a in fa l l ,  

mean maximum temperature, mean minimum temperature and 

re la t iv e  humidity) during the cropping period are given in  

Appendix I and graph ically  represented in  F ig. 1. The mean 

maximum and minimum temperatures during the cropping period  

ranged from 28.01°C to 31.07*0 and 20.33*C to 24.61*0 

respectively . The mean re la t iv e  humidity ranged from 70.43 

to 87.36 percent. The to ta l r a in fa l l  received during the 

crop period was 190.28 mm.

3.1.6 Seed m aterials

The seed m aterial o f Sesbania rostrata  was obtained  

from Cropping Systems Research Centre, Karamana. Trivandrum.
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The r ic e  v a r ie ty  s e le c ted  fo r  the experiment was 

J yo th i, the progeny o f  a cross between P tb .10  and IR .8 

re lea sed  from R ice Research S ta tion , Pattam bi, K era la .

Jyo th i i s  a short duration v a r ie ty  (110-125 days) o f  high 

y ie ld in g  nature recommended fa r  c u lt iv a t io n  in  Kerala.

3 .1 .7  F e r t i l i z e r  and s o i l  amendment

For r ic e ,  urea con ta in ing 46 percen t n itrogen , 

Mussoriephos con ta in ing 20 percent P2°s  m uriate o f  potash 

con ta in ing 60 percent KjO, farm yard manure con ta in ing  

0.95 percen t n itrogen , 0.54 percent P2°5  and 0.36 percent 

K20 and quick lim e were used. A mixed cu ltu re  o f  Rhizoblun 

(KAOS 5 and 6) obtained from the Department o f  P lan t 

Pathology, C o llege  o f  A g r icu ltu re , v e lla y a n i was used fa r  

in ocu la tin g  Sesbania r o s t r a ta . No f e r t i l i z e r  o r  s o i l  

amendment was used fa r  sesbania ro s t ra ta .

3.2 METHODS

3.2 .1  Design and layou t

The experiment was la id  out in  Randomised Block Design 

w ith  th ree r e p lic a t io n s . The layout p lan  o f  the experiment 

is  grven in  Figure 2. The d e ta ils  o f  the layou t are g iven  

below.
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Number o f treatment combinations

Number o f blocks

Number o f rep lications

Gross p lot s ize

Net p lot size

Total number o f p lots

1 5 + 1

3

3

5.1 x 4.0 m 

4.5 x 3.6 m 

48

3.2.2 Treatments

Three le v e ls  o f Rhizobium inoculation, f iv e  leve ls  

of nitrogen and one control were fixed  as treatments.

Rhizobium inoculation i^  -  seed inoculation

i j  -  stem inoculation

i j  -  seed and stem inoculation

bevels o f nitrogen to succeeding

Crop of r ic e  n^ -  No nitrogen

n  ̂ -  25% of the recommended dose 

n2 -  50% of the recommended dose

n  ̂ -  75% of the recommended dose

n^ -  100% of the recommended dose

Control p lot of r ic e  : as per K&U package o f practices

recommendations (1989)
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3.2.3 Treatment combinations

The !treatment combinations are as fo llo w s :

T 1 "  V o T 6 -  V o T 1 1
-

V o

T 2 -  V i T7 -  V i T 1 2
-

V i

T3 ~  i i n 2 T8

C
M

C
CM

•H1

T 1 3
- V 2

T4 “  V 3 T9 "  A2n3 T 1 4
-

V s

T 5 "  V 4 T 1 0 “  12n4 T 1 5
-

V 4

T 1 6
- Control

3 .2 .4  F ie ld  cu ltu re

3 .2 .4 .1  Land preparation

3 .2 .4 .1 .1  Sesbania ro s tra ta

The experimental s i t e  was dug tw ice, veeds and 

stubbles removed, c lods broken and the f i e l d  was la id  out 

with bunds o f 30 cm width a l l  around. Ind iv idual p lo ts  

were again dug and p e r fe c t ly  le v e lle d . Seeds o f  

Sesbania ro stra ta  were broadcast in  a l l  p lo t s , except the 

contro l p lo ts .

3 .2 .4 .1 .2  Rice

At about 50 percent flow ering  stage Sesbania ro stra ta  

was incorporated into  the respective p lo ts  and r ic e  seed

lin g s  were transplanted at the prescribed spacing. The 

cu lt iv a tio n  p ractices recommended fo r short and high y ie ld ing
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v a r ie t ie s  o f r ic e  in  the package o f  p ractices  recommenda

tions o f Kerala A g r icu ltu ra l U n iversity  were fo llow ed.

3 .2 .4 .2  F e r t i l iz e r  app lication

3 .2 .4 .2 .1  Sesbanla ro s tra ta

No f e r t i l i z e r  or s o i l  amendment was applied to 

Sesbania ro s t ra ta .

3 .2 .4 .2 .2  Rice

3 .2 .4 .2 .2 .1  Control p lo ts

Lime was applied to the control p lo ts  ® 600 kg ha- *  

( in  2 s p l i t s ,  350 kg ha-1 as basa l 2 weeks be fo re  sowing 

and 250 kg ha-1 one month a fte r  tran sp lan tin g ). Nitrogen, 

phosphorus and potassium app lication  to the contro l p lo ts  

were as per the KAU package o f p ractices recommendations 

(N : P2°5 : K2° ” 70 : 35 : 35 k<3 ha-1 ) .  Farmyard manure 

was applied ® 5 t  ha-1 to the contro l p lo t s . Entire dose 

o f phosphorus and potash were app lied  b a sa lly  to provide  

35 kg ha-1 each o f P2°5  and K2°* Tw o^h ird  dose o f the 

to ta l recommended quantity o f nitrogen was applied b a sa lly  

and the remaining 1/3 was app lied  at one week p rio r  to  

pan icle in it ia t io n .

3 .2 .4 .2 .2 .2  Treatment p lo ts

Lime and farmyard manure were not applied to the
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3 .2 .4 .4 .2  Rice

Transplanting was done w ith  a thin film  o f water. 

Subsequently the water le v e l  was ra ised  to about 5 cm. One 

weelc p r io r  to  harvest the p lo ts  were completely drained.

Two handweedings were given 20 days and 40 days a f t e r  

transplanting.

3 .2 .4 .5  P lant protection

3 .2 .4 .5 .1  Sesbania ro s tra ta

No pests and d iseases were observed m  the crop . 

Hence no p lan t p rotection  operations were c a rr ied  out fo r  

Sesbania ro s t ra ta .

3 .2 .4 .5 .2  Rice

Ekalux was sprayed against r ic e  Case worm a t about 

15 days a fte r  transp lanting . No other pests or d iseases  

were found on the crop in  magnitudes req u irin g  chemical 

contro l.

3 .2 .4 .6  Harvest

3 .2 .4 .6 .1  Sesbania ro stra ta

Harvesting was done at 50% flow ering s tage , which 

occurred at about 50 days a f t e r  sowing. The p lants were 

cut at the base, weighed and ploughed into  the s o i l  o f the 

respective  p lo ts .
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3 .2 .4 .6 .2  Rice

The crop was harvested and threshed. In the case 

o f a l l  the treatments, the crop in  the border rows were 

harvested separately  and thereafter the crop  in  the net 

area o f  the ind iv idua l p lo ts  was harvested and threshed  

in d iv id u a lly . Weight o f  g ra in  and straw  o f ind iv idu a l 

p lo ts  were recorded.

Observations

3.2 .5  Growth characters o f Sesbania ro stra ta

3 .2 .5 .1  Height o f p lants

The height o f the p lants were taken at the time o f 

harvest. The observations were taken from ten p lants  

se lected  at random from the centre o f  the p lo ts . The 

height o f  the p lants were measured from the base to the 

growing t ip .  From the data obtained, the mean height o f 

the p lan ts  was ca lcu lated  and expressed in  centim etres.

3 .2 .5 .2  Number o f root nodules

At harvest, four plants were randomly se lec ted  from 

each p lo t , c a re fu lly  uprooted and the roots were washed 

c a re fu l ly  with water. The root nodule number was counted 

and expressed as mean value.
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3 .2 .5 .3  Number o f  shoot nodules

At h arvest, fo u r  p lan ts  were randomly se lec ted  and 

th e ir  stem nodules were counted and expressed as a mean 

va lue .

3 .2 .5 .4  Root and shoot nodule dry  weicfrt

A fte r  counting, the stem and root nodules were 

separated c a re fu l ly  and d r ie d  in  a hot a i r  oven a t 70#C fo r  

e igh t hours, weighed and expressed as g/p lan t.

3 .2 .6  Y ie ld  o f Sesbania ro s t ra ta

3 .2 .6 .1  Fresh weight o f green manure

The en tire  p lan ts  o f  each p lo t  were harvested  and 

th e ir  fre sh  weight exc lu d in g  the roots  was determined.

From the green matter y ie ld / p lo t , the green m atter y ie ld  

per hectare was computed and expressed as kg ha- 1 .

3 .2 .6 .2  Dry weight o f  green manure

Four p lan ts  were chosen from those used fo r  d e te r

mining green matter production , cut in to  sm all b i t s ,  sun 

dried  and then oven d ried  in  a hot a ir  oven a t 70°C, t i l l  

constant w e i^ its  were obta ined . Dry weight o f  green manure 

was expressed as kg ha~^.



3.2 .7  Growth characters o f r ic e

3 .2 .7 .1  Height o f  p lan t

The heigh t o f p lants ( in  centim etres) was recorded  

on 20th. 40th and 60th day a fte r  tran sp lan ting  and at 

harvest. Four h i l l s  were randomly se le c ted  w ith in  one 

square metre area marked in  the net p lo t .  Height was 

measured from the base o f the p lan t to  the t ip  o f  the  

longest le a f  o r  to  the t ip  o f  the lo ngest earhead, whichever 

was t a l l e r .

3 .2 .7 .2  Tota l number o f  t i l l e r s  pe r  square metre

T ota l number o f  t i l l e r s  per square metre was recorded  

on the 20th, 40th, and 60th day a fte r  tran sp lanting  and at 

harvest. T i l l e r  number was taken from twelve randomly 

se lected  h i l l s  and expressed as nunber o f  t i l l e r s  per 

square metre.

3 .2 .8  Y ie ld  and y ie ld  a tt r ib u te s  o f r ic e

3 .2 .8 .1  Productive t i l l e r s  per square metre

Productive t i l l e r s  were recorded from the twelve 

randomly se le c ted  h i l l s  on the 60th day a fte r  tran sp lanting  

and at harvest and expressed as productive t i l l e r s  per  

square metre.

36
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3 .2 .8.2 Panicle weight

A l l  the pan ic les in  the 12 sample h i l l s  were weighed 

and weight per pan ic le  was worked out.

3 .2 .8.3 Percentage o f f i l l e d  grains

The to ta l f i l l e d  and u n f i l le d  gra in s from the pan icles  

were separately  counted and the percentage o f f i l l e d  grains  

was recorded.

3 .2 .8.4 Percentage o f  u n f i l le d  grains

The to ta l f i l l e d  and u n fi l le d  gra in s from the pan icles  

were separate ly  counted and the percentage of u n f i l le d  grains  

was recorded.

3 .2 .8.5 Thousand gra in  weight

One thousand gra in s were counted from the samples 

drawn from the cleaned produce from each p lo t  and vreights 

recorded m  grams.

3 .2 .8 .6  Gram y ie ld  o f r ic e

The grains harvested from each net p lo t was dried , 

cleaned and weighed and expressed as kg ha- ^ .

3 .2 .5 .7 Straw y ie ld  o f r ic e

The straw harvested from each net p lo t was dried  

under sun, weighed and the weight was expressed as kg ha-1 .
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3.2.9 Chemical analysis

3.2.9.1 Plant analysis

The whole plants o f both Sesbanla rostrata  and r ic e  

were analysed fo r  nitrogen, phosphorus, potassium, calcium 

and magnesium contents. In the case o f r ic e  the grains 

were analysed separately. The plant samples co llec ted  from 

each p lo t at the time o f harvest(s) o f sesbanla rostrata  

and r ic e  were dried to  constant weights in  an e le c tr ic  hot 

a ir  oven at 70°C, ground and passed through a 0.5 mm mesh 

in  a W illey m ill. The required quantity o f samples were 

then weighed out accurately in  an e lec tron ic  balance, 

subjected to  acid extraction and the nutrient contents were 

determined and expressed as percentage on dry weight basis.

3.2.9.1.1 Total nitrogen content

Total nitrogen content was estimated by modified 

microkjeldahl method as given by Jackson (1973).

3.2.9.1.2 Total phosphorus content

Total phosphorus content was estimated by using 

Vanado-molybdo-phosphoric yellow colour method (Jackson, 

1973) and read in Spectpnic 2000.

3.2.9.1.3 Total potassium content

Total potassium content in plant was estimated by
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atomic absorption spectrophotometry a fte r  wet d igestion  o f 

the sample using d i-a c id  mixture, as suggested by Perkin-Elmer 

Corporation (1982),

3 .2 .9 .1 .4  Tota l calcium content

Tota l calcium content in  p lant was estimated by atomic 

absorption spectrophotometry a fte r  wet d igestion  o f the 

sample using d i-a c id  mixture, as suggested by Perkin-Elmer 

Corporation (1982).

3 .2 .9 .1 .5  Total magnesium content

Tota l magnesium content in  p lan t was determined by 

atomic absorption spectrophotometry a fte r  wet d igestion  o f 

the sample using d i-a c id  mixture, as suggested by Perkin-Elmer 

Corporation (1982).

3 .2 .9 .2  Uptake o f  nutrients

The to ta l uptake o f n itrogen, phosphorus, potassium, 

calcium and magnesium at h arves t(s ) in  both Sesbania rostrata  

and r ic e  were ca lcu lated as the product o f  the content of 

these nutrients in  the p lant samples and the respective  

dry weights and expressed as kg ha~^.

3.2.9.3 Protein  content o f r ic e

The protein  content o f  the grains was canputed by 

m ultip lying the percentage o f n itrogen content in  grains by 

the fa c to r  6.25 (Simpson e t  a l . ,  1965).
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3 .2 .9 .4  S o il Analysis

Composite s o i l  sample co llected  before the sta rt  o f  

the experiment le .  before  sowing Sesbania ro stra ta  was 

analysed to determine the availab le  n itrogen, ava ilab le  

ava ilab le  K^O, ava ilab le  calcium and ava ilab le  

magnesium. The physical composition and pH were determined 

fo r  th is  composite s o i l  sample. A fter the harvest o f r ic e ,  

s o i l  samples were taken from each p lo t separately and 

analysed for ava ilab le  nitrogen, ava ilab le  P2°5 ava ilab le  

K^O, ava ilab le  calcium and ava ilab le  magnesium.

3 .2 .9 .5  Analysis o f farm yard manure

The farm yard manure samples were taken from the lo t  

applied to the control p lo ts. These samples were analysed 

to determine the to ta l nitrogen, phosphorus, potassium, 

calcium and magnesium.

3.2.10 Economics o f cu ltivation

The economics o f  cu ltivation  was worked out based on 

the various input costs.

Net income (Rs./ha) : Gross income -  Cost o f cu ltivation

ra t io  : S P 0^ lvatlon

3.2.11 S ta t is t ic a l Analysis

The data generated from the experiment were subjected
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to  Analysis o f Variance (ANOVA) technique as applied  to 

fa c to r ia l  experiment in  randomised b lock design described 

by Cochran and Cox (1965).
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RESULTS

The re su lts  regard ing  the e f fe c t  o f  the d if fe re n t  

le v e ls  o f inocu lation  on the biomass p roductiv ity  and 

nutrien t uptake by Sesbania ro stra ta  and e f fe c t  of 

Sesbania ro stra ta  on the succeeding crop o f  r ic e  are given  

below.

4.1 Growth performance and productiv ity  o f Sesbania ro stra ta

4 .1 .1  E ffec t  o f  inocu lation

4 .1 .1 .1  Height o f  p lants

The mean data on the height o f  p lan ts  are presented  

in  Table 2.

The three le v e ls  o f  inoculation v iz .  seed inoculation, 

stem inocu lation , and seed and stem inocu lation  had no 

s ig n if ic a n t  in fluence on the height o f p lan ts . However, 

stem inocu lation  recorded the maximum va lue  fo r  p lant height, 

fo llow ed  by seed and stem inocu lation . Seed inocu lation  

recorded the le a s t  va lue.

4 .1 .1 .2  Fresh weight o f green manure

The mean data on the fresh  weight o f green manure 

are presented m  Table 2 and F ig . 3.

Inoculation did not show any s ig n if ic a n t  influence  

on the fresh  weight o f  green manure. However, the treatment

■4 - 2 .
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consisting  o f seed and stem inoculation recorded the maximum 

value fo r  th is  parameter, fo llow ed by stem inocu lation .

Seed inocu lation  recorded the lowest va lu e .

4 .1 .1 .3  Dry weight o f green manure

The mean data on the dry weight o f green manure are 

presented in  Table 2 and P ig . 3.

The dry weight o f green manure was not s ig n if ic a n t ly  

influenced by the d if fe re n t  le v e ls  o f inocu lation . However, 

the treatment con sistin g  seed and stem inocu lation  recorded  

the maximum value fo r  th is  parameter.

4 .1 .1 .4  Number o f shoot nodules per p lant

The mean data on the number o f shoot nodules per 

plant are presented in  Table 2.

Inoculation  d id  not a f fe c t  the number o f  shoot 

nodules per p lan t s ig n if ic a n t ly . However, stem inoculation  

recorded the maximum number o f  shoot nodules per plant  

fo llow ed by seed inocu lation .

4 .1 .1 .5  Number o f roo t nodules per plant

The mean data on the number o f root nodules per plant 

are presented in  Table 2.

The e ffe c ts  due to the d iffe re n t  le v e ls  o f inoculatio i 

on the production o f root nodules per plant were not
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s ta t is t ic a lly  s ign ifican t. However, stem inoculation  

recorded the maximum number of root nodules per plant 

followed by seed inoculation.

4.1.1.6 Dry weight o f shoot nodules per plant

The mean data on the dry weight o f shoot nodules 

per plant are presented in Table 2.

Dry weight of shoot nodules per plant was not 

influenced s ign ifican tly  by the d iffe ren t leve ls  of inocula

tion. A ll  the three leve ls  of inoculation recorded almost 

sim ilar values for the dry weight of shoot nodules per plant.

4.1.1.7 Dry weight o f root nodules per plant

The mean data on the dry weight of root nodules per 

plant are presented in Table 2.

The effects o f the different le v e ls  o f inoculation  

on the dry weight of root nodules per plant were not s ta ti

s t ic a lly  s ign ifican t. However, stem inoculation gave the 

maximum value fo r  dry weight of root nodules per plant.

4.1 .1 .8 Nutrient uptake by plants

4.1.1.8.1 Nitrogen uptake by plants

The mean data on the nitrogen uptake by the plants 

are given m  Table 3 and Fig. 4.



Table 2. Growth characteristics of Sesbania rostrata

Height o f 
plants 

(cm)

Fresh 
weight of 
green manure 
(kg ha” l )

Dry weight 
o f green 
manure 
(kg ha“ l )

Shoot 
nodules 
(no./plant)

Root 
nodules 
(no./plant)

Dry weight 
o f shoot 
nodules 
(g/plant)

Dry weight 
o f root 
nodules 
(g/plant)

*1 58.23 3787.33 1145.40 42.97 22.23 0.080 0.134

l 2 62.62 3836.53 1140.27 47.37 25.37 0.077 0.158

*3 61.64 4215.67 1258.07 41.43 21.20 0.080 0.121

F (2t28) NS NS NS NS NS NS NS

SEm+ 2.542 328.064 112.931 3.628 2.069 0.009 0.014

CD(0.05) - - - - - - -

i^ -  seed inoculation

±2 -  stem inoculation NS -  Not S ign ifican t

i j  -  seed + stem inoculation
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The d iffe re n t  leve ls  o f  Inoculation had no sign ifican t  

Influence on the uptake o f nitrogen by p lan ts . However, the 

seed and stem inoculation treatment recorded the h ip e s t  

value fo r  th is  aspect, followed by stem inocu lation . Seed 

Inoculation gave the lowest value.

4 .1 .1 .8.2 Phosphorus uptake by plants

The mean data on the phosphorus uptake by plants  

are presented in  Table 3.

Uptake o f phosphorus by plants was not s ig n ific a n t ly  

influenced by the d iffe ren t le v e ls  o f inocu lation . However, 

the treatment consisting o f  seed and stem inoculation  recorded 

the highest va lue , followed by stem inocu lation . Seed 

inoculation recorded the le a s t  value in  th is  respect.

4 .1 .1 .5 .3 Potassium uptake by plants

The mean data on the potassium uptake by p lants are 

presented in  Table 3.

The e ffe c ts  o f the d iffe ren t  le v e ls  o f  inoculation  

on the potassium uptake by plants were not s t a t is t ic a lly  

s ign ific an t. However, the seed and stem Inoculation gave 

the highest value fa r  potassiun uptake, followed by stem 

inoculation. The lowest value was noticed in  seed inocula

tion treatment.



Table 3. Nutrient uptake by sesbanla rostrata

Nitrogen  
uptake 
(kg ha”1)

Phosphorus 
uptake 
(kg ha”1)

Potassium 
uptake 
(kg ha”1)

Calcium 
uptake 
(kg ha”1)

Magnesium 
uptake 
(kg ha”1)

A1 55.44 4.43 21.21 12.00 4.49

i 2 58.76 5.04 21.98 12.22 4.54

A3 64.23 5.59 25.09 13.20 5.10

F (2,28) NS NS NS NS NS

SEm+ 5.428 0.418 2.338 1.147 0.441

CD(0.05) - - - - -

*1 -  seed Inoculation

*2 -  stem Inoculation NS -  Not S ign ificant

A3 -  seed + stem Inoculation
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4 .1 .1 .8.4 Calcium uptake by plants

The mean data on the calcium uptake by plants are 

presented In Table 3.

Calcium uptake by plants was not Influenced s ig n i f i 

cantly by the d ifferen t leve ls  o f inoculation. However, 

the treatment comprising of seed and stem inoculation  

recorded the highest value fo r  calcium uptake, followed by 

stem inoculation. The least value was recorded by seed 

inoculation.

4 .1 .1 .8.5 Magnesium uptake by plants

The mean data on magnesium uptake by plants are 

presented in Table 3.

Inoculation did not show any s ign ifican t influence  

on the uptake o f magnesium by plants. However, seed and 

stem inoculation recorded the highest value for magnesium 

uptake followed by stem inoculation. Seed inoculation gave 

the least value fo r magnesium uptake.

The second part o f the study consisted o f assessing 

the e ffec t  o f  sesbania incorporation on the growth and 

productivity o f r ic e  and also estimating the replacement 

value o f chemical nitrogen added to r ice  by the nitrogen 

addition by Sesbania incorporation. The resu lts  on the 

e ffect o f incorporation of S. rostrata  in  conjunction with
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chemical nitrogen at d iffe ren t  rates on the growth and 

productivity o f  r ic e  are  given below.

4.2 Growth characters o f r ic e

4.2.1 Height o f p lants

the mean data on the height o f r ic e  plants at d iffe ren t  

stages o f growth are presented in  Table 4.

the data revea l that there was no s ign ifican t d i f fe 

rence in  plant height at 20 days a fte r  transplanting and 

40 days a fte r  transplanting, due to the various leve ls  o f 

nitrogen. But the d iffe ren t  le v e ls  o f nitrogen s ign ific an tly  

influenced the p lant height at 60 days a fte r  transplanting  

and at harvest. The treatment n^ recorded the maximum plant 

height in  both the stages (84.92 cm and 86.25 cm respec

tiv e ly ) .

I t  was also seen that there was no s ign ifican t  

d ifference  between the various treatments and control 

(treatment as per package o f practices recommendations) in  

this respect.

4.2 .2  T i l le r  number

The mean data on t i l l e r  number per square metre are 

presented in  Table 4.

The d iffe ren t  le v e ls  o f  nitrogen s ign ific an tly  

influenced the t i l l e r  number per square metre at 20 days



a fte r  tran sp lan tin g . The treatment n4 recorded the maximum 

number o f  t i l l e r s  per square metre (675 .61 ), fo llow ed  by  

n^ whereas nQ recorded the le a s t  number o f  t i l l e r s  per 

square metre.

At 40 and 60 days a fte r  tran sp lan ting  and a t harvest  

the t i l l e r  number per square metre was not s ig n i f ic a n t ly  

in fluenced by the n itrogen  le v e ls .

When the treatment e f fe c t s  were compared w ith  the 

con tro l, i t  was found to  be s t a t i s t ic a l ly  not s ig n if ic a n t  

at a l l  the growth stages.

4.3 Y ie ld  and y ie ld  a ttr ibu te s

4.3.1 P roductive t i l l e r s

The mean data on the number o f  productive t i l l e r s  

per square metre are  presented in  Table 5.

the d i f fe r e n t  le v e ls  o f  n itrogen  d id  not show any 

s ig n if ic a n t  in flu en ce  on the number o f  productive t i l l e r s  

per square metre at 60 days a fte r  tran sp lan ting . However, 

the maximum number o f  productive t i l l e r s  per square metre 

was observed in  treatm ent at 60 days (441.06) a f t e r  

tran sp lan ting .

At the h arvest stage , n itrogen  le v e ls  showed a 

s ig n if ic a n t  in flu en ce  on the number o f  productive t i l l e r s  

per square m etre. The treatment n, recorded the maximum



Table 4. Growth characters o f r ice  as Influenced by d ifferen t leve ls  of Nitrogen

Treatment Plant height (cm) Total number o f t i l le r s  per square metre
20 DAT 40 DAT 60 DAT At har

vest
20 DAT 40 DAT 60 DAT At har

vest

n0 39.75 60.81 80.17 81.53 482.06 606.74 549.05 500.67

" l 40.14 62.25 83.03 84.39 562.09 724.61 651.42 588.12

n2 39.22 61.72 80.50 81.79 496.92 614.19 590.00 547.19

"3 42.78 60.61 82.58 84.64 545.33 712.78 614.18 545.31

n4 42.50 61.22 84.92 86.25 675.61 764.93 642.08 560.21

F<4.30) NS NS
*

3.265 3.766* 3.625* NS NS NS
SEm+ 1.032 1.207 1.079 1.038 40.128 43.592 33.551 28.118
CD(0.05) - - 3.118 2.997 115.882 - - -

Control 40.67 62.50 81.75 84.00 474.60 641.87 636.53 580.70
Trtd. vs. 
control
P(1.30) NS NS NS NS NS NS NS NS

nQ -  0 leve l of nitrogen
n  ̂ -  25% of recommended dose o f nitrogen * Significant at 5% leve l
n2 -  50% of recommended dose o f nitrogen NS -  Not Significant
r>3 -  75% o f recommended dose o f nitrogen
n4 -  100% of recommended dose o f nitrogen
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number o f  productive t i l l e r s  per square metre and n^ recorded 

the le a st  value fo r  th is  parameter.

There was no s ign ific an t  d ifference  between tre a t 

ments and control.

4.3.2 Grain y ie ld

The mean data on grain  y ie ld  are presented in  

Table 5 and F ig. 5.

The e ffe c t  o f the various le v e ls  o f  nitrogen on the 

grain y ie ld  was not s t a t is t ic a l ly  s ig n if ic a n t . However, 

the treatment n^ gave the maximum grain  y ie ld  (2011.1 kg ha**1) .

The treatments when compared with the control were 

not s ign ific an t. However the control recorded a higher 

value fo r  g ra in  y ie ld  than a l l  the treatments.

4.3.3 Straw y ie ld

The mean data on straw y ie ld  are presented in  

Table 5 and Fig. 5.

The nitrogen leve ls  d id  not influence the straw  

y ie ld  s ign ific an tly . However the treatment n4 recorded 

the maximum value fo r  straw y ie ld  (4682.7 kg ha-1 ) .

The treatments did not show any s ign ific an t  difference  

when compared with the control treatment.
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4.3.4 Panicle weight

The mean data on panicle weight are presented in  

Table 5.

The panicle weight was not influenced s ign ific an tly  

by the d iffe ren t  le v e ls  o f nitrogen.

There was no s ign ific an t  d iffe ren ce  between the 

treatments and control a lso .

4 .3.5 Percentage o f  f i l l e d  grains

The mean data on percentage o f f i l l e d  grains per 

panicle are presented in  Table 5.

Percentage o f  f i l l e d  grains per panicle was not 

s ig n ific a n t ly  influenced by the le v e ls  o f nitrogen. However, 

the treatment n^ recorded the maximum percentage o f  f i l l e d  

grains per pan icle (85.96 percen t). The f i l l e d  grain  percen

tage was found to decrease as the nitrogen le v e l increased.

The treatments and control did not d i f f e r  s ig n i f i 

cantly in  the percentage o f f i l l e d  grains per panicle. 

However, the control treatment recorded a high percentage 

o f f i l l e d  grains per pan ic le .

4.3.6 Percentage o f u n f i l le d  grains

The mean data on percentage o f u n fi lle d  grains per 

panicle are presented in  Table 5.



Table 5. Y ie ld  and y ie ld  a ttr ibu tes  o f r ic e  as in fluenced by d if fe r e n t  le v e ls  o f n itrogen

Treatment Productive t i l l e r s  
per square metre

Grain
y ie ld

Straw
y ie ld

Panicle
weight

Percen
tage o f

Percen
tage o f

Thousand ' 
grain

60 DAT At har
ves t

(kg/ha) (kg/ha) <g> f i l l e d
grains

(54)

u n fille d
grains

(.%)

weight
(g)

n0 342.45 264.29 1665.4 4554.1 1.861 81.02 18.98 26.71

" l 441.06 333.18 1970.2 5298.2 2.005 84.79 15.21 26.77

n2 372.26 320.26 2011.1 4347.2 2.030 85.96 14.04 26.84

"3 368.52 297.80 1863.4 4654.2 1.867 78.83 21.17 26.49

“4 398.29 279.21 1718.7 4682.7 1.813 79.10 21.57 26.72

F(4.30) NS
w

3.017 NS NS NS NS NS NS

SEm̂ 26.463 16.329 142.216 572.448 0.075 2.816 2.809 0.279

C.D(0.05) - 47.156 - - - - - -

Control 
Trtd . vs. 
contro l

374.10 312.70 2167.3 4111.3 1.872 83.60 16.40 26.80

F (l,3 0 ) NS NS NS NS NS NS NS NS

* -  S ign ific a n t at 5% le v e l 

NS -  Not S ign ifican t



The d ifferent leve ls  o f nitrogen had no s ign ifican t  

influence on the percentage o f  u n filled  grains per panicle. 

However, the lowest value fo r  th is  parameter was recorded 

by the treatment n^. I t  was seen that the percentage o f  

u n filled  grains increased with increasing leve ls  of nitrogen  

with the maximum value fo r  n^ (21.57 percent).

When the treatments were compared against control, 

there was no sign ifican t d ifference.

4.3.7 Thousand grain weight

The mean data on thousand grain weight are presented 

in  Table 5.

Thousand grain weight was not s ign ifican tly  influenced  

by the d ifferen t leve ls  o f  nitrogen. A l l  the leve ls  o f 

nitrogen recorded almost sim ilar resu lts .

There was no sign ifican t d ifference between the 

various treatments and control in  th is respect.

4.4 Uptake o f nutrients

4.4.1 Uptake o f nitrogen

The mean data on uptake o f nitrogen are presented 

in  Table 6 and Fig. 6.

Nitrogen uptake was not affected s ign ifican tly  by 

the d ifferent levels o f nitrogen. However the treatment n̂

STS'
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recorded the highest value fo r  uptake o f nitrogen  

(77.22 kg ha-1 ) .

m e  treatments and control d id  not d i f f e r  s ig n i f i 

cantly in  uptake o f nitrogen.

4.4.2 Uptake o f phosphorus

The mean data on uptake o f phosphorus are presented 

in  Table 6.

Die d iffe ren t  le v e ls  o f nitrogen had no s ign ifican t  

influence on the uptake o f phosphorus. However the treat

ment n4 gave the maximum value fo r  phosphorus uptake 

(40.70 kg ha-1 ) .  Treatment nQ recorded the le a st  value  

fo r  the uptake o f phosphorus.

The comparison between the treatments and control 

showed that there was no s ign ifican t d iffe ren ce  in  uptake 

o f phosphorus between the two.

4.4.3 Uptake o f potassium

The mean data on uptake o f potassiun are presented 

in  Table 6.

Uptake o f  potassium was not influenced s ign ific an tly  

by the d iffe ren t  le v e ls  o f nitrogen. However, the treatment 

n  ̂ recorded the maximun value for potassium uptake 

(119.34 kg ha-1 ) .



Table  6. N u trien t uptake o f  r i c e  as In fluenced  by the d i f fe r e n t  le v e ls  o f  n itrogen

Treatment N itrogen  
uptake 
(k g  ha“ l )

Phosphorus 
uptake 
(k g  ha- 1 )

Potassium  
uptake 
(kg  h a -1 )

Calcium  
uptake 
(kg  ha“l )

Magnesium 
uptake 
(kg h a -1 )

"o 69.84 31.02 88.53 11.40 9.15

nl 77.22 40.03 119.34 11.85 10.61

°2 63.91 40.53 93.16 11.24 9.71

n3 75.62 37.49 93.31 13.82 9.25

n4 66.15 40.70 87.63 10.55 11.14

F (4 .3 0 ) NS NS NS NS NS

SEm+ 7.089 3.548 9.440 1.065 1.228

C .D (0 .05 ) - - - - -

C ontro l 
T rtd . Vs. 
con tro l

75.25 29.74 104.36 8.65 10.24

F ( l ,3 0 ) NS NS NS NS NS

NS -  Not S ig n if ic a n t

°1



The treatments d id  not show any s ign ific an t  d ifference  

over the con tro l.

4 .4.4 Uptake o f calcium

The mean data on uptake o f calcium  are presented in  

Table 6.

The d if fe re n t  le v e ls  o f n itrogen  d id  not show any 

s ig n if ic a n t  in fluence  on the uptake o f  calcium  by r ic e  

p lan ts. However, the treatment n3 gave the highest value  

fo r  uptake o f calcium.

The treatments and control d id  not vary  s ig n if ic a n t ly  

in  uptake o f calcium .

4.4 .5  Uptake o f magnesium

The mean data on uptake o f magnesium are presented  

in  Table 6.

Uptake o f  magnesium was not in fluenced s ig n if ic a n t ly  

by the app lication  o f  the d iffe ren t  le v e ls  o f  n itrogen. 

However, the treatment n4 recorded the h ighest va lue  fo r  

the uptake o f magnesium.

The treatments and control d id  not show any s ig n i

fic an t  d iffe ren ce  in  uptake o f magnesium.

4.5 P rote in  content o f  r ic e

The mean data on protein  content o f  r ic e  are  

presented in  Table 7 and F ig . 7.



$ 9

The tre41v.ments consisting o f the d iffe ren t levels  

o f nitrogen were found to influence the protein content of 

r ic e  s ign ifican tly . The treatment n^ recorded the maximum 

content o f protein (9.33 percent).

The difference in  protein  content due to the treat

ments and control was found to be s ign ifican t. The control 

recorded a protein content thich was s ign ifican tly  higher 

than that o f the treatments.

4.6 S o il nutrient status a fte r  the experiment

4.6.1 Available nitrogen

The data on the availab le  nitrogen content o f the 

s o i l a fter the experiment are presented in  Table 8 and Fig. 8.

I t  was seen that the d ifferen t leve ls  o f nitrogen 

sign ifican tly  influenced the nitrogen content o f the s o i l.  

Increasing leve ls  o f nitrogen application increased the 

availab le  nitrogen content with n^ recording the maximum 

value (437.97 kg ha-1 ) .

The treatments and control did not show any s ign i

ficant difference in  the ava ilab le  nitrogen content o f 

s o i l a fter the experiment.

4.6.2 Available phosphorus

The data on the ava ilab le  phosphorus content o f the 

s o i l a fter the experiment are given in Table 8.



Table 7. Protein content o f r ic e  as influenced  

by leve ls  o f nitrogen

Treatment Protein content (%)

n0 8.52

9.04

n2 7.53

°3 9.33

n4 8.23

F(4 ,30)
* *

4.717

san+ 0.326

C.D (0.05) . 0.943

Control 10.33
Trtd. v s . control

F (l,3 0 ) 9.474

* *  S ign ificant at 1% leve l



The d iffe ren t  le v e ls  o f nitrogen s ig n ific a n t ly  

influenced the phosphorus content o f the s o i l .  Maximum 

value fo r  ava ilab le  phosphorus was recorded by the treatment

V
The control treatment recorded a s ig n ific a n t ly  

higher value fa r  ava ilab le  phosphorus, than the other 

treatments.

4.6.3 Availab le  potassium

The data on the ava ilab le  potassium content o f the 

s o i l  a fte r  the experiment are presented in  Table 8.

The ava ilab le  potassium content in  s o i l  a fte r the 

experiment was not influenced s ig n if ic a n t ly  by the d iffe ren t  

leve ls  o f nitrogen.

The d ifference between the treatments and control 

was a lso  found to be not s ign ific an t.

4 .6.4 Availab le  calcium

The data on the ava ilab le  calcium content o f the 

s o i l  a fte r  the experiment are presented in  Table 8.

The d iffe ren t  le v e ls  o f nitrogen were found to 

influence the ava ilab le  calcium content o f the s o i l a fte r  

the experiment s ig n if ic a n t ly . The highest value fo r  the 

ava ilab le  calcium in  s o i l  a fte r  the experiment was recorded 

by the treatment nQ (310.03 kg ha-1 ) .

£1



Tab le 8. A v a i la b le  s o i l  n u tr ien t  s ta tu s  a £ te r  th e  experim ent as in flu en ced  by th e  

d i f f e r e n t  l e v e l s  o f  n it r o g e

Treatment Available  
nitrogen 
(kg ha“ l )

Available  
phosphorus 
(kg ha“l )

Available  
potassium 
(kg ha~l)

Available  
calcium 
(kg ha“l )

Available  
magnesium 
(kg ha“l )

n0 171.51 41.40 80.49 310.03 73.34

"1 282.02 27.89 77.90 309.43 67.84
313.80 32.25 87.57 243.48 56.91

"3 318.61 31.95 72.23 284.83 61.01

“4 437.97 39.37 82.31 241.11 63.12'

F(4.30) 143.793**
**

784.141 NS 182.286** * ★ 8.179

SEm+ 7.943 0.201 5.989 2.515 2.242

C.D(0.05) 22.938 0.580 - 7.264 6.475

Control 343.77 40.67 79.80 330.80 70.33
Trtd. Vs. 
control
F (l,30 ) NS NS NS NS NS

** S ign ificant at 1% leve l 
NS Not S ig n i f ic a n t
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The con tro l treatment recorded a s ig n if ic a n t ly  

h igher value than the other treatments fo r  the a va ilab le  

calcium content o f  the s o i l  a fte r  the experiment.

4 .6 .5  A va ilab le  Magnesiua

The data on the a va ila b le  magnesiua content o f  the 

s o i l  a fte r  the experiment are presented in  Table 8.

The ava ilab le  magnesium content o f  the s o i l  a fte r  

the experiment was s ig n if ic a n t ly  in fluenced  by the d if fe r e n t  

le v e ls  o f  n itrogen , w ith  n^ record in g  the h ip e s t  va lue.

The d iffe ren ce  between the treatments and con tro l 

was not s ig n ific a n t.

4.7 Economics o f  c u lt iv a t io n

The data on net returns and b en e fit-c o s t r a t io  are 

presented in  Table 9.

Among the d i f fe r e n t  treatments, n  ̂ (25% recommended 

dose o f  n itrogen + Sesbania ro s tra ta  incorporation ) recorded 

the maximum value fo r  net returns and b en e fit-c o s t r a t io .  

When the f i v e  ra tes  o f  n itrogen  were compared n4 (100% 

recommended dose o f n itrogen  + Sesbania ro s tra ta  incorpora

tion ) recorded the lowest va lu e fa r  net returns and b e n e fit -  

cost r a t io .
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Table 9. Economics o f cultivation  o f r ice

Treatment
Cost p f  
cultivation  
(R s.) (y )

Gross 
Income 
(R s.) (x )

Net 
Income 

(R s .) (x -y )
BCR

(x/y)

n0 10083.17 13659.29 3576.12 1.355

°1 10265.07 16025.12 5760.05 1.561

n2 10446.97 14766.31 4319.34 1.413

“3 10574.27 14621.24 4046.97 1.383

n4 10701.37 14070.72 3369.35 1.314

Control 11620.40 15052.88 3432.48 1.295

Cost o f Rhl2oMun = Rs.5.00 per packet

Cost o f 1 t  Farm yard manure «  Rs.300.CX} 

Cost o f 1 kg lime = Rs. 2.00

Cost o f 1 kg nitrogen = Rs. 7.28

Cost o f 1 kg phosphorus 

(P2°5>
- Rs. 10.00

Cost o f 1 kg potassium (K^0) at RS. 3.33

Cost o f 1 kg grain at Rs. 4.10

Cost o f 1 kg straw « Rs. 1.50

Labour charge (Man) = Rs. 54.60

(Woman) = RS. 54.60
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DISCUSSION

The f i r s t  part o f the experiment was to study the 

e ffe c t  o f  inoculation on the growth and productivity  o f 

Sesbanla ro s tra ta . The re su lts  o f the study are discussed 

below.

5.1 Growth characters

5.1.1 Plant height

The resu lts  on the p lant height are presented in  

Table 2.

An appraisa l o f the data in  the tab le  shows that the 

three le ve ls  o f inoculation (seed inoculation, stem inocu

la tion  and seed inoculation + stem inocu lation) did not 

s ign ific an tly  influence the plant height.

Inoculation when compared with no inoculation proved 

non -sign ificant in  i t s  influence on plant height of 

Sesbanla rostrata  (M urali, 1989).

5.1.2 Fresh weight and dry weight o f  green manure

The data on the fresh  weight and dry weight o f  

green manure are presented in  Table 2.

Both the fresh  weight and dry weight o f 

Sesbanla rostrata  were not influenced s ig n ific a n t ly  by the



three le v e ls  o f  inocu lation . However, i^  (seed inocu la tion  + 

stem in ocu la tion ) recorded the maximum value fo r  both fresh  

weight and dry weight o f green manure.

In  genera l, the in fluence o f  inocu lation  on increasing 

the biomass production o f  Sesbanla ro s tra ta  may be p a r t ly  

due to the in flu ence o f  stem nodules which contain ch loro

p h y ll and hence have the capacity  to  photosynthesize 

(Du Houx, 1984). S im ilar resu lts  have been reported by 

Daroy e t  a l .  (1987).

5.1.3 Nodule ch a ra c te r is tic s

5.1.3 .1  Number o f  ro o t nodules and shoot nodules

The data on the number o f  roo t nodules and number 

o f  shoot nodules are presented in  Table 2.

The number o f  roo t nodules and shoot nodules were 

not s ig n i f ic a n t ly  in fluenced by the three le v e ls  o f  inocula

t io n . However, 1^ (stem inocu la tion ) recorded the maximum 

value fo r  the number o f  ro o t nodules and shoot nodules. 

Sim ilar resu lts  were obtained by Ladha e t  a l .  (1989) who 

found that inocu lation  on the stem alone, increased the 

o v e ra ll nodulation.

The general trend seen in  the experiment was a lesser 

number o f  both roo t and stem nodules. The reduction in  the 

root nodule number may be a ttr ibu ted  to  the adverse e f f e c t
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o f  w aterlogg ing which p reva iled  during the period  When 

Sesbanla ro s tra ta  was grown. Dreyfus e t  a l .  (1988) has 

shown that waterlogging cond ition  considerab ly a ffe c ted  

roo t nodulation and caused roo t decay.

The pH o f  the experim ental area was a c id ic  (pH -  4 .9 ). 

Under a c id ic  cond ition  nodulation is  r e s t r ic te d .  Calcium 

i s  one o f  the major p lan t nutrien ts and i t  in fluences plant 

growth characters (T isda le  e t  a l . .  1985). R usse ll(1973) 

concluded that n o n -a va ila b ility  o f  calcium in  acid  s o i ls  

appeared to  r e s t r ic t  nodulation by many legumes grown in  

s o i ls  having low pH.

The medium status o f  a va ila b le  n itrogen  may be 

another reason fo r  the poor nodulation. L ie  (1974) reported 

that nodulation was s tron g ly  reduced in  the presence o f 

moderate o r  high le v e ls  o f  n itrogen .

5 .1 .3 .2  Dry weight o f  ro o t nodules and shoot nodules

The data on the dry weight o f  ro o t  nodules and 

dry weight o f  shoot nodules are presented in  Table 2.

The three le v e ls  o f  inocu lation  d id  not in fluence 

the dry weight o f  ro o t nodules and dry weight o f  shoot 

nodules s ig n if ic a n t ly .

The n on -s ign ifican t in flu ence o f  inocu lation  le v e ls  

on the dry weight o f  ro o t nodules may be due to  the adverse



e f fe c t  o f  waterlogging on roo t nodulation as reported by 

Dreyfus e t  a l.  (1988). Excessive water supply was found 

to reduce nodule formation (sprent, 1969).

The ava ilab le  nitrogen status o f  the s o i l  o f  the 

experimental s i t e  was medium. A higher concentration o f 

n itrogen has been found to  a ffe c t  the stem nodule s iz e  and 

weight (Moudiongui and Rinaudo, 1987).

5.2 Nutrient uptake by Sesbania ros tra ta

Table 3 shows the e f fe c t  o f inocu lation  on the 

uptake o f n itrogen, phosphorus, potassium, calcium, and 

magnesium by the p lan ts .

The uptake o f  n itrogen, phosphorus, potassium, 

calcium and magnesium by the plants were not influenced 

s ig n ific a n t ly  by the three le v e ls  o f  inocu la tion . However, 

the maximum value o f  uptake fo r  a l l  these nutrients was 

recorded by i 3 (seed  inoculation + stem in ocu la tion ).

The treatment i 3 recorded the maximum green matter 

and dry matter. Poss ib ly  the higher nutrient uptake in  i 3 

might have resu lted  in  higher green matter and dry matter 

production. In genera l, the uptake o f  p lan t nutrients at 

any stage o f  growth i s  mainly re la ted  to  dry matter produc

tion . One o f the fa c to rs  which con tro l nutrient uptake 

is  the ra te  o f  increase in  dry matter production (Tanaka e t  a l . ,  

1964).

&8
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Moundiongui and Rinaudo (1987) observed that higher 

n itrogen  concentration in  s o i l  a ffec ted  both stem and root  

acetylene reduction and u ltim ately  the nitrogen f ix a t io n .  

S im ila r ly  the medium a v a ila b le  nitrogen status o f  the s o i l  

o f the experimental s ite  may be the reason fo r  the lack  of 

response o f the p lan t to inocu lation  with regard  to  nitrogen  

uptake.

Phosphorus, potassium, calcium and magnesium were 

not applied to Sesbania ro stra ta  and th e ir  uptake i s  not 

o f  much importance.

The second part o f  the experiment was to  study the 

e f fe c t  o f  incorporation o f  Sesbania ro stra ta  in  s o i l  in  

combination with d if fe r e n t  le v e ls  o f nitrogen on r ic e .

The re su lts  on th is  part o f  the experiment are discussed  

below.

5.3 Growth characters o f  r ic e

5.3.1 Height o f  p lants

The data on the height o f  p lants at various stages  

o f growth are presented in  Table 4.

From the re su lts  i t  i s  evident that the d if fe re n t  

le v e ls  o f nitrogen had no s ig n if ic a n t  in fluence on p lant  

height at 20 days and 40 days a fte r  transp lanting . However 

the treatments rece iv in g  h igher le v e ls  o f  n itrogen were



seen recording more height than those receiving no nitrogen. 

There was sign ifican t increase in plant height at 60 days 

after transplanting and at harvest. In both the stages 

the highest dose o f nitrogen (n4 -  100% recommended dose 

o f nitrogen + Sesbania ro stra ta ) recorded the maximum 

heic^it and no nitrogen (nQ -  Sesbania rostrata  alone) 

recorded the minimum height.

The e ffec t  o f nitrogen in increasing the vegetative 

growth, especia lly  the plant height, is  a w ell established  

fact. Nitrogen has a pronounced ro le  in c e ll  m ultiplication  

(T isdale et a l . .  1985). This would natu ra lly  cause an 

increase in  height o f  p lant. Similar responses to nitrogen 

fe r t i l iz a t io n  have been reported by many previous workers 

lik e  Tomy (1963), Patel (1967), Lenka e t a l .  (1976), Nair 

and Koshy (1981) and Reddy et a l. (1987).

There was no sigru fleant d ifference in  plant height 

between the d ifferen t leve ls  o f nitrogen in  combination 

with Sesbania rostrata incorporation and control (package 

o f practices recommendations o f KAU).

5.3.2 Number o f t i l le r s  per square metre

The data on the number of t i l l e r s  per square metre 

are presented in Table 4.

ro



From the resu lts  I t  i s  seen that the e f fe c t  o f  

nitrogen on the number o f t i l l e r s  per square metre was 

sign ific an t  only at 20 days a fte r  transplanting. At a l l  

other stages the e ffe c t  o f nitrogen on the number of 

t i l l e r s  per square metre was not s ig n ific a n t . However. 

Irrespective  o f the stage o f growth, an Increasing trend 

was seen In the number o f  t i l l e r s  with Increase in the le ve l 

o f  nitrogen. At a l l  the stages o f  growth the t i l l e r  number 

was found to Increase with nitrogen and the lowest t i l l e r  

count per square metre was recorded by Hq (no n itrogen ).

Enhancement o f  t i l l e r  production as a resu lt  o f 

nitrogen supply has been reported by severa l workers 

(Ramanujam and Sakharam, 1971; Nair and KOshy, 1981; 

Sushamakumari , 1981; Ajithkumar, 1984; Reddy, 1986;

Babu Mathew, 1987).

The various le v e ls  o f nitrogen and the control did  

not d i f fe r  s ig n ific a n t ly  in  the number o f  t i l l e r s  per 

square metre.

Another observation was that the number o f t i l l e r s  

per square metre at 60 days a fte r  transplanting was greater 

than at the harvest stage . S im ilarly  the number o f t i l l e r s  

per square metre was greater at 40 days a fte r  transplanting  

than at 60 days a fte r  transplanting. This trend was seen 

at a l l  le v e ls  o f  nitrogen. However, i t  was seen that as

7i
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the le v e l o f  n itrogen increased the magnitude o f decrease 

in  t i l l e r  count also increased. Thus the la rg es t decrease 

in  t i l l e r  count per square metre was at n^. This decrease 

in  t i l l e r  number might be due to  mutual shading and death 

o f lower positioned t i l l e r s .  Sim ilar resu lts  have been 

reported by sreedharan (1975)  ̂ Thampi (1979) and Sreekumaran 

(1981).

5.4 Y ie ld  and y ie ld  a ttribu tes  o f  r ic e

5.4.1 Productive t i l l e r s  per square metre

The data on the nunber o f productive t i l l e r s  per 

square metre are presented in  Table 5.

The resu lts  showed that the in fluence o f n itrogen on 

the number o f productive t i l l e r s  per square metre was mare 

pronounced at the harvest stage. The treatment (25% 

recommended dose o f  n itrogen + Sesbania ro s tra ta ) recorded 

the la rg es t number o f  productive t i l l e r s  per square metre 

and iIq (no nitrogen ) recorded the leas t productive t i l l e r  

count.

An increase in  the production o f productive t i l l e r s  

have been noticed at higher le v e ls  o f n itrogen by severa l 

workers l ik e  sood and Singh (1972). D ix it and Singh (1978), 

Murthy and Murthy (1981), Balasubramaniyan (1984) and 

Subbiah e t  a l. (1988). At the same time, Thampi (1979)



73

reported that the number o f  productive t i l l e r s  per square 

metre decreased when the le v e ls  o f  nitrogen increased above 

60 kg per hectare. S im ilarly  Sreekumaran (1981) reported  

that increasing the dose o f n itrogen from 90 to 120 kg 

resu lted  in  a decrease in  productive t i l l e r  count.

5.4 .2  Panicle weight

The data on panicle weight are presented in  Table 5.

Panicle weight was not s ig n if ic a n t ly  influenced by 

the d iffe ren t  le v e ls  o f nitrogen. There was no s ign ifican t  

d ifference  in panicle weight between the d iffe ren t  leve ls  

o f nitrogen and con tro l. However, upto the treatment n2 
(50% recommended dose o f nitrogen + Sesbania ro s tra ta ) 

there was a progressive increase in  panicle weight.

The resu lts  showed that f e r t i l iz a t io n  upto a certain  

le v e l was ben efic ia l fo r  increasing  the panicle weight. The 

influence o f nitrogen in  increasing the photosynthesis and 

thereby increasing the source i s  a very w e ll estab lished  

phenomenon (sreedharan, 1975; Sushamakumari. 1981). This 

increase in  source has helped in  accumulation o f more 

assim ilates in sink (p an ic le ).

This may be due to  an unfavourable balance between 

potassium and nitrogen on account o f increasing the leve l 

o f nitrogen beyond certa in  lim it  and because o f the low
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potassium status o f  the experimental area. R ussell(1973) 

reported a marked in fluence o f  potassium in  the transloca

tion  o f  carbohydrates to  the panicles and thereby causing 

an increase in  the pan ic le  weight.

5.4.3 Percentage o f f i l l e d  grains

The data on the percentage o f  f i l l e d  grain* are 

presented in  Table 5.

The d iffe ren t  le v e ls  o f  n itrogen d id  not exert any 

s ig n ific a n t in fluence on the percentage o f  f i l l e d  grains.

The con tro l and treatments d id  not d i f f e r  s ig n if ic a n t ly  in 

the percentage o f  f i l l e d  grains. The percentage o f  f i l l e d  

grains, however, was found to  increase w ith  dose o f  nitrogen 

upto nj (50% recommended dose o f  n itrogen + Sesbania ro s tra ta ) 

and th erea fter i t  decreased.

Increasing the le v e l o f  n itrogen might have increased 

the u n fil le d  grains, thereby resu lt in g  in  a comparatively 

lesser  percentage o f f i l l i n g  in  n3 and n4. Sim ilar resu lts  

o f  reduced percentage o f  f i l l e d  grains w ith high le v e ls  o f 

n itrogen has been reported by Nair (1968b), Muthuswamy e t  a l. 

(1972), Surendran (1985) and Vaijayanth i (1986).

The f e r t i l i t y  status o f  the experimental area with 

reference to  ava ilab le  potassium was low. Mukherji e t  a l. 

(1968) noticed a marked decrease in  gra in  f i l l i n g  as the
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nitrogen supply was Increased. Further, potassium has been 

£ound to  maintain the ra t io  between reducing and non-reducing 

sugars at a moderate le v e l  and provide more sucrose fo r  

conversion to insolub le polysaccharides fo r  storage (Kundu 

and S irca r, 1969).

5.4.4 Percentage o f u n fil le d  grains

The data on percentage u n fille d  grains are presented 

in  Table 5.

The various le v e ls  o f  n itrogen in  combination with 

Sesbania ro s tra ta  d id  not in fluence the percentage o f 

u n fil le d  grains s ig n if ic a n t ly . There was no s ig n ific a n t 

d iffe ren ce  between the treatments and con tro l. The tre a t

ment n^ (50% recommended dose o f  nitrogen + sesbania ro s tra ta ) 

recorded the le a s t  percentage o f  u n fil le d  gra ins. Doses o f 

n itrogen greater than n2 were found to  increase the percen

tage o f  u n fil le d  grains.

Kalyanikutty e t  a l.  (1968) reported that the percen

tage o f  chaffiness increased w ith increased rates o f 

app lication  o f  n itrogen. Balachandran Nair (1976) also 

reported  a non-sign ifican t in fluence o f  n itrogen in  Trlven l 

v a r ie ty . This is  also in  agreement with the fin d in g  o f 

severa l workers (Bhaumik and Ghosh, 1977; Surendran, 1985; 

Vaijayanth i, 1986; Reddy e t  a l . ,  1987). The greater degree



o f chaffiness at higher le v e ls  o f nitrogen may be due to  

accumulation o f  more so lub le  and non-productive nitrogen  

which would have a ffected  the production of g ra in s.

5 .4.5 Thousand grain  weight

The data on thousand grain weight are presented in  

Table 5.

Results showed that the thousand g ra in  weight was 

not Influenced s ig n if ic a n t ly  by the d iffe ren t  leve ls  o f  

nitrogen. However. n2 (50% recommended dose o f nitrogen + 

Sesbania ro s tra ta ) recorded the maximum value fo r  the para

meter. There was no s ign ifican t d ifference between the 

treatments and con tro l, in  thousand grain  weight.

P i l l a l  e t  a l.  (1976), Nair and Koshy (1981) and 

Ajithkumar (1984) a lso  reported that nitrogen had no 

s ign ific an t  influence on thousand gra in  weight.

5 .4.6 Grain y ie ld

The data on g ra in  y ie ld  are presented in Table 5.

From the data i t  i s  seen that gram  y ie ld  was not 

s ign ific an t  on account o f the d iffe ren t leve ls  o f nitrogen. 

There was no s ign ific an t  d ifference between the d iffe ren t  

treatments and contro l. However, control (kau package o f  

practices recommendations, 1989) recorded the maximum value

7 £
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fo r  gra in  y ie ld .  Among the d i f fe r e n t  le v e ls  o f  n itrogen 

in  combination w ith Sesbania ro s tra ta . n2 (50% recommended 

dose o f  n itrogen  + Sesbania ro s tra ta ) recorded the maximum 

gra in  y ie ld .  Beyond n2 le v e l  gra in  y ie ld  decreased.

The increase in  gra in  y ie ld  due to  n itrogen  applica

t io n  upto n2 may be a ttr ib u ted  to  the r o le  o f  n itrogen  in 

photosynthesis which is  d ir e c t ly  r e la te d  to  the carbohydrate 

manufacture and gra in  y ie ld  (Moss and Musgrave, 1971). 

S im ilar increase in  y ie ld  due to  n itrogen  app lica tion  with 

o r  w ithout incorporation  o f  Sesbania ro s tra ta  have been 

reported  by severa l workers (Rinaudo e t  a l . .  1983; Dalai 

and D ix it .  1987; Wankhade and Pandrangi. 1988; Husain and 

Sharma. I9 9 i;  Ka lidura i and Kannaiyan, 1990; Thakur. 1991; 

Sahu and Sahu, 1992).

Another trend noticed  from the gra in  y ie ld  data is  

that app lica tion  o f a higher le v e l  o f  n itrogen  (above n2) 

has resu lted  in  a decrease in  g ra in  y ie ld .  The straw y ie ld  

data g iven  in  Table 5 showed that in  treatments where grain  

y ie ld  was le s se r  the straw y ie ld  was h igher. This shows 

that the ex tra  nitrogen has been u t i l is e d  fo r  straw produc

tion  ra ther than fo r  gra in  production. S im ilar resu lts  

have been reported  by Yoshida e t  a l .  (1973) and Sreekumaran 

(1981).
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The actual trend exh ibited by the treatments i s  a 

non -s ign ifican t e f fe c t  o f nitrogen on g ra in  y ie ld . This 

may be because o f  the fa c t  that the experimental area was 

medium in  native f e r t i l i t y  status w ith  reference to ava ilab le  

nitrogen  and the crop  might have u t i l i s e d  th is  n itrogen  

mostly for i t s  growth and development which might have 

resu lted  in  the lack  o f response to added n itrogen . The 

nitrogen recommendation adopted was 70 kg per hectare. But 

from the present investigation  i t  i s  seen that a recommen

dation comprising o f  ju st 50% o f recommended d o se  o f  nitrogen  

in  combination w ith  incorporation o f  Sesbania ro stra ta  i s  

more than s u f f ic ie n t  to  produce maximtxn g ra in  y ie ld .

S im ilar re su lts  o f  non -s ign ifican t e f fe c t  o f  nitrogen on 

grain  y ie ld  due to  h igh  nitrogen status o f  s o i l  has been 

reported by Droupathi Devi e t a l .  (1981 ).

Dommergues (1983) reported that use o f  Sesbania rostrata  

as green manure could dram atically increase r ic e  y ie ld s  

only in  nitrogen de fic ien t s o i ls .

In  an experiment conducted at the In ternational 

Rice Research In s t itu te , P h ilipp in es , i t  was seen that 

r ic e  grain  y ie ld  was not s ig n if ic a n t ly  in fluenced by the 

incorporation o f  Sesbania ro stra ta  with and without f e r t i l i s e r  

nitrogen. This was because o f the fa c t  that a considerable  

amount o f  nitrogen re leased  from the Incorporated  

Sesbania ro stra ta  went into straw  production ( IRRI, 1988).
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5.4.7 Straw Y ie ld

The data on straw y ie ld  are presented in  Table 5.

The resu lts  show that the d i f fe r e n t  le v e ls  o f  n itrogen 

in  combination w ith  incorporation  o f  Sesbania rostra ta  

did  not in fluence the straw y ie ld  o f  r i c e  s ig n if ic a n t ly .

There was no s ig n if ic a n t  d iffe ren c e  in  straw  y ie ld  between 

the d i f fe r e n t  treatments and con tro l (KAU package o f 

p ractices  recommendations, 1989). The le a s t  value fo r  straw 

y ie ld  was recorded by con tro l. Among the d iffe re n t  t re a t

ments n2 recorded the le a s t va lu e fa r straw  y ie ld .

The general trend noticed  was a p rogress ive  increase 

in  straw y ie ld  as the le v e ls  o f  n itrogen  increased. This 

may probably be due to  the grea ter v e g e ta t iv e  growth 

observed at higher le v e ls  o f  n itrogen  as i s  evidenced from 

the data on p lant height and t i l l e r  number. In  treatments 

w ith excess n itrogen  the ex tra  n itrogen  might have been 

u t i l iz e d  fo r  straw production rather than fo r  g ra in  produc

tion . S im ilar re su lts  have been reported  from IRRI (1988).

The native  f e r t i l i t y  o f  the experim ental area was 

low w ith re feren ce to a va ilab le  potassium. The reason fo r  

higher grain  y ie ld  and a low straw y ie ld  recorded by the 

con tro l may be a ttribu ted  to  an improper balance between 

n itrogen and potassium created  by the ap p lica tion  o f  h i^ ie r  

doses o f  n itrogen . Potassium is  h ic frly  e s s en tia l fo r  the
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proper translocation  o f carbohydrates from the source to 

the sink (Tanaka. 1972). The dose o f potassium applied to  

a l l  the treatments including control were uniform (35 kg 

potassium per h ec ta re ). Studies conducted by Mukherjl et a l.  

(1968) have shown that s ign ifican t e f fe c t  o f potassium was 

noticeable only with moderate le v e ls  o f nitrogen.

5.5 Uptake o f nutrients by r ic e

5.5.1 Nitrogen uptake

The data on the nitrogen uptake by r ic e  are presented 

in  Table 6.

The d iffe ren t  le v e ls  o f  nitrogen in  combination with 

Sesbania rostrata  incorporation did not influence, the 

nitrogen uptake by r ic e  s ign ific an tly . Control and the 

treatments did not d i f f e r  s ign ific an tly . Among the d iffe ren t  

leve ls  o f nitrogen in  combination with Sesbania rostra ta  

incorporation, n^ (25% recommended dose o f nitrogen +

Sesbania ro stra ta ) recorded the maximum value fo r  nitrogen  

uptake.

The treatment n^ recorded the maximum b io lo g ic a l 

y ie ld  (gra in  y ie ld  + straw y ie ld ) .  This may be the reason 

fo r  the higher value o f nitrogen uptake recorded by n^. 

Nutrient uptake i s  d ire c t ly  re la ted  to  the dry matter 

production (Tanaka e t  a l . ,  1964).
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5.5 .2  Phosphorus uptake

The data on phosphorus uptake are presented in  

Table 6.

The phosphorus uptake by r ic e  was not in fluenced 

s ig n if ic a n t ly  by the d if fe r e n t  le v e ls  o f  n itrogen  in  combi

nation w ith incorporation  o f  Sesbania ro s tra ta . Further, 

the con tro l and the treatments d id  not d i f f e r  s ig n if ic a n t ly  

in  phosphorus uptake. However, the maximum value fo r  

phosphorus uptake was recorded by (100% recommended dose 

o f  n itrogen + Sesbania ro s tra ta ) .

A progress ive  increase in  the uptake o f phosphorus 

due to  app lica tion  o f  n itrogen  has been reported  by Wankhade 

and Pandrangi (1988). Loganathan and Raj (1972) found a 

p rogressive increase in  phosphorus uptake due to  n itrogen 

app lica tion , but the increase was not s ig n if ic a n t .

Grunes (1959) has reported  that the add ition  o f  

n itrogen  has marked e f f e c t  on the absorption o f  phosphorus 

by p lan ts . N itrogen frequ en tly  increases roo t growth and 

fo rag in g  capacity  fo r  phosphorus.

5.5 .3 Potassium uptake

The data on potassium uptake are presented in  

Table 6.
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No s ig n if ic a n t  d ifference  was observed in  potassium  

uptake between the various le v e ls  o f  n itrogen in  combination 

with incorporation  o f Sesbanla ro s tra ta  o r between these 

treatments and con tro l. However, among the d iffe ren t  

treatments (25% recommended ebse o f  nitrogen +

Sesbanla ro s t ra ta ) recorded the maximum value fo r potassium  

uptake. At h igh  nitrogen le v e ls  potassium uptake was found 

to decrease.

The data show that at higher nitrogen lev e ls  the 

potassium uptake decreased. S im ilar re su lts  have been 

observed by Prema (1967) who found that the app lication  of 

nitrogen in  increas ing  le v e ls  decreased the potassium uptake.

5.5.4 Calcium and Magnesium uptake

The data on calcium and magnesium uptake are  

presented in  Table 6.

Calcium uptake and magnesium uptake were not influenced  

s ig n if ic a n t ly  by the d iffe ren t  le v e ls  o f n itrogen application  

combined with the incorporation o f Sesbanla ro s t ra ta . The 

treatments d id  not d i f f e r  s ig n if ic a n t ly  from the contro l 

with regard to uptake o f calcium and magnesium.

The pH o f  the experimental s ite  was ac id ic . Thus 

the low a v a i la b i l i t y  o f  calcium and magnesium may be the 

reason fo r  the n on -s ign ifican t in fluence o f treatments on 

the uptake o f  calcium  and magnesium.
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5.5.5 Protein  content o f r ic e

The data on the p ro te in  content o f  r ic e  are presented  

in  Table 7.

The d if fe re n t  le v e ls  o f nitrogen in  combination with  

Sesbania ro stra ta  incorporation  were found to  influence the 

prote in  content o f r ic e  s ig n if ic a n t ly . The d iffe ren ce  in  

prote in  content between the various treatments and control 

was s ig n if ic a n t . Among the d if fe re n t  le v e ls  o f nitrogen  

in  combination with Sesbania ro s t ra ta . (75% recomnended 

dose o f n itrogen + sesbania r o s t ra t a ) recorded the maximum 

value fo r  prote in  content. Control recorded the highest 

protein  content when compared w ith  the treatments.

5.6 A v a ilab le  nutrient sta tu s  o f the s o i l  a fte r  the 

experiment

5.6.1 A v a ila b le  nitrogen

The data on the a v a ila b le  nitrogen status o f the 

s o i l  a fte r  the experiment are  presented in  Table 8.

The re su lts  show that the ava ilab le  n itrogen increased  

s ig n if ic a n t ly  as the dose o f  app lied  n itrogen  increased.

The treatment n^ (100% recomnended dose o f  nitrogen +

Sesbania ro s t ra ta ) recorded the maximum value fo r  av a ila b le  

nitrogen fo llow ed  by contro l (KAU package o f practices  

recommendations) .
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The ava ilab le  n itrogen status o f  the s o i l  before  

the experiment was medium. Hence the app lied  nitrogen  

m l^it have had only very  l i t t l e  contribution  in  the nitrogen  

uptake by the crop. Thus most o f the app lied  nitrogen  

might have contributed to enrich the a v a ilab le  nitrogen  

statu s o f  the s o i l .

5 .6 .2  A va ilab le  phosphorus

The data on the av a ilab le  phosphorus status o f the 

s o i l  a f t e r  the experiment are presented in  Table 8.

The ava ilab le  phosphorus o f s o i l  was found to  be 

in fluenced s ig n if ic a n t ly  by the d if fe re n t  le v e ls  o f nitrogen  

combined with the incorporation  o f Sesbanla ro s t ra ta . The 

contro l and treatments a lso  d if fe re d  s ig n if ic a n t ly . The 

maximun value fo r  a v a ilab le  phosphorus was recorded by nQ 

(no n itrogen  + sesbanla ro s t ra ta ) fo llow ed by contro l (KAU 

package o f  p ractices reccnmendatlons. 1989).

As in the case of available nitrogen, the native 

fe r t i l it y  of the so il before the experiment, with respect 

to the available phosphorus status was medium.

The uptake of phosphorus by rice in the treatment 

Dq was the least (Table 6) which in turn might have led to 

a higher available phosphorus status of the so il.



A
V

A
IL

A
B

L
E

 
N

IT
R

O
G

E
N

 
(k

o
 

h
a



5.6.3 A va ilab le  potassium

The data on the ava ilab le  potassium o f the s o i l  

a fte r  the experiment are presented in  Table 8.

The d iffe ren t  le v e ls  o f nitrogen in  combination with 

the incorporation o f Sesbanla ro stra ta  did not exert any 

s ign ific an t influence on the ava ilab le  potassium content 

o f the s o i l  a fte r  the experiment. The treatments did not 

d i f fe r  s ign ific an tly  from the control in  the ava ilab le  

potassium content o f the s o i l  a fte r  the experiment.

5.6.4 A va ilab le  calcium and magnesium

The data on the ava ilab le  calcium and magnesium 

content o f the s o i l  a fte r  the experiment are presented in  

Table 8.

The ava ilab le  calcium and magnesium contents o f s o i l  

a fte r  the experiment were found to be influenced s ig n i f i 

cantly by the d iffe ren t  le v e ls  o f nitrogen in  combination 

with incorporation o f Sesbania ro s tra ta . However, there 

was no regu lar trend o f change in  the content o f these 

nutrients with d ifference  in  the dose o f  nitrogen.

5.7 Response curve

The response o f r ic e  crop to nitrogen supply (through 

f e r t i l iz e r s  and Sesbania ro stra ta  incorporation ) was

8 5 *



SUMMARY



87

SUMMARY

A f i e l d  in v e s t ig a t io n  was undertaken a t  the C o lle g e  

o f  A g r ic u ltu re , V e lla y a n i to  assess  the in flu en ce  o f in  s itu  

r a i s in g  and in co rpo ra tion  o f  Sesban ia  r o s t r a t a  on the growth 

and p ro d u c t iv ity  o f  r ic e  and to  study the economy o f  n itrogen  

use by r i c e .  Hie c u lt iv a r  used f o r  the in v e s t ig a t io n  was 

J y o th i, a sh o rt  du ration  v a r ie ty  o f  h igh  y ie ld in g  nature  

recommended fo r  c u lt iv a t io n  in  K e ra la . The treatm ents 

inc luded  th ree  le v e ls  o f  in o cu la t io n  to  Sesban ia  ro s t ra ta  

(seed  in o cu la t io n , stem in o cu la t io n  and seed + stem inocu

la t io n ) and f i v e  le v e ls  o f  n itrogen  to the subsequent crop  

o f  r ic e  (No n itrogen , 25% recommended dose o f  n itrogen ,

50% recommended dose o f  n itrogen , 75% recommended dose o f  

n itrogen  and 100% recommended dose o f  n it ro g e n ). One 

c o n tro l fo r  r ic e  (t re a te d  as pe r  KAU package o f  p ra c t ic e s  

recommendations) was a lso  in c luded . The s o i l  o f  the 

experim ental s i t e  was sandy c la y  loam, medium in  a v a i la b le  

n itrogen , medium in  a v a ila b le  phosphorus and low  m  

a v a i la b le  potassium . The experiment was l a i d  out in  a 

randomised b lock  design  w ith  th ree  r e p l ic a t io n s .  The 

r e s u lt s  o f  the in v e s t ig a t io n  are  summarised below .

The f i r s t  p a rt  o f  the experim ent was to  study the 

e f fe c t  o f the th ree  le v e ls  o f  Rhlzoblun in o cu la tio n  on the 

growth and p ro d u c t iv ity  o f  S esban ia  r o s t r a t a .  The re s u lts
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pertain ing to th is  aspect are summarised below.

1. Plant height, green matter and dry matter y ie ld s  o f  

Sesbania rostra ta  were not influenced s ig n if ic a n t ly  by 

the d iffe ren t  le v e ls  o f inoculation. However the treat

ment comprising o f  seed + stem Inoculation recorded the 

highest value fo r  green matter y ie ld  and dry matter y ie ld  

(4215.67 kg ha-1 and 1258.07 kg ha”1 re sp ec tiv e ly ).

2. The three le v e ls  o f  inoculation did not exh ib it  any 

s ign ifican t influence on the number o f root nodules and 

stem nodules. Both these parameters recorded the highest 

value in  stem inoculation (25.37/plant and 47.37/plant 

re sp ec tiv e ly ).

3. Dry weight o f  root nodules and shoot nodules were not 

influenced s ig n if ic a n t ly  by the d if fe re n t  le v e ls  o f  

inoculation. In  the case o f the dry weight o f  shoot 

nodules a l l  the three inoculation le v e ls  recorded almost 

sim ilar values.

4. The d iffe ren t  le v e ls  of inoculation d id  not influence  

the nitrogen uptake by the plants s ig n if ic a n t ly . However 

the treatment comprising o f seed + stem inoculation  

recorded the highest value fo r  uptake o f nitrogen  

(64.23 kg ha” 1) .
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5. Phosphorus uptake o f  p la n ts  was maximum (5 .59  kg ha~^) 

w ith  seed + stem in o cu la t io n . But the three d i f fe r e n t  

le v e ls  o f  in o cu la t io n  f a i l e d  to  produce any s ig n i f ic a n t  

in flu en ce  on the uptake o f  phosphorus by p la n ts .

6 . The three d i f fe r e n t  le v e ls  o f in o cu la t io n  d id  not  

in flu en ce  the uptake o f  potassium  by p lan ts  s ig n i f ic a n t ly .  

However, the h igh e st  v a lu e  (25.09 kg ha- 1 ) fo r  potassium  

uptake by p lan ts  was reco rd ed  by the treatm ent, seed + 

stem in o cu la t io n .

7. Calcium uptake and magnesium uptake by p lan ts  were not 

in flu en ced  s i g n i f ic a n t ly  by the d i f fe r e n t  le v e ls  o f  

in o cu la t io n . Seed + stem in o cu la t io n  recorded  the 

h igh est va lu e  fo r  both calcium  and magnesium uptake by

p lan ts  (13 .20  kg ha-1 and 5.10 kg ha- ^ ) .

The second p a rt  o f  the experiment was to assess  the 

e f fe c t  o f  Sesban ia r o s t r a t a  in co rp o ra t ion  on the growth and 

p ro d u c t iv ity  o f  r ic e  and to  estim ate the replacement va lue  

o f  chem ical n itro gen  added to r ic e  by  the n itrogen  add it ion  

through the in co rp o ra tion  o f  Sesban ia  r o s t r a t a . The r e s u lt s  

on these aspects are summarised be low .

1. The d i f fe r e n t  le v e ls  o f  n itrogen  in  con junction  w ith

Sesban ia  r o s t ra t a  in co rpo ra tion  s i g n i f ic a n t ly  in flu en ced  

the p la n t  he igh t recorded  at 60 days a f t e r  tran sp lan t in g
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and at harvest. The maximum value for plant height at 

these two stages (84.92 can and 86.25 cm respec tive ly ) 

was recorded by the treatment comprising o f 100% 

recommended dose o f nitrogen + Sesbania ro stra ta  incor

poration. The treatments and control (treated  as per 

the KAU package o f p ractices recommendations) d id  not 

d if fe r  s ig n if ic a n t ly  in  th is  respect.

2. T i l le r  number per square metre recorded at 20 days a fte r  

transplanting was s ig n if ic a n t ly  influenced by the 

d iffe ren t rates  o f nitrogen combined with the incorpora

tion o f Sesbania ro s tra ta . 100% recommended dose of 

nitrogen + Sesbania ro s tra ta  recorded the maximum value 

(675.61/sq.m). The treatments and control d id  not 

d if fe r  s ig n ific a n t ly  in  the number o f t i l l e r s  per 

square metre.

3. The treatment receiv ing 25% recommended dose o f nitrogen  

m  conjunction with Sesbania ro stra ta  incorporation  

recorded the maximum number o f productive t i l l e r s  per 

square metre (588.12/sq.m). There was no s ign ific an t  

difference between the treatments and contro l.

4. The treatments did not exert any s ign ific an t influence  

on the grain  y ie ld . However, the treatment rece iv ing  

50% recommended dose o f nitrogen combined with
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Sesbanla rostrata incorporation recorded the maximum 

grain y ie ld  (2011.10 kg ha“^ ). Although the treatments 

and control did not d iffe r  significantly  in grain yield, 

control (treated as per KAU package of practices reco

mmendations) recorded a higher grain y ie ld  (2167.33 kg ha-1 ) 

than a l l  the other treatments.

5. Straw y ie ld  was not influenced sign ificantly  by the 

application of different rates of nitrogen in conjunction 

with the incorporation of sesbania rostrata. The treat

ment receiving 25% recommended dose of nitrogen along 

with Sesbania rostrata incorporation recorded the h ip e st  

value (5298.2 kg ha”* ) for straw y ie ld . Further, the 

treatments and control did not d iffe r  significantly  in 

straw yie ld .

6. The other yield  attributes such as panicle weight, 

thousand gram  weight, percentage of f i l le d  grains and 

percentage of unfilled  grains were not influenced 

significantly  by the treatments. There was no s ig n ifi

cant difference between the treatments and control.

7. Nitrogen uptake was not influenced significantly  by the 

different treatments. But the treatment which gave the 

highest dry matter production (treated with 25% reco

mmended dose of nitrogen + Sesbania rostrata) gave the
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h igh est va lu e  (77.22 kg ha”1 ) fo r  n itrogen  uptake by 

r ic e .  N itrogen  uptake d id  not show s ig n i f ic a n t  d if fe re n ce  

when the treatm ents were compared aga in st c o n tro l.

8 . The d i f f e r e n t  r a te s  o f  n itrogen  combined w ith  the in cor

p o ra tion  o f  Sesban ia  r o s t r a t a  d id  not e x e rt  any s ig n if ic a n t  

in flu en ce  on the uptake o f  phosphorus and potassium  by 

r ic e .  The d if fe re n c e  between the va riou s  treatm ents

and c o n tro l was a lso  not s ig n i f ic a n t .

9. P ro te in  content o f  r ic e  was found to  be in flu en ced  

s ig n i f ic a n t ly  by the d i f fe r e n t  treatm ents. Among the  

d i f fe r e n t  treatm ents, 75% recommended dose o f  n itrogen  

combined w ith  the in co rp o ra tion  o f  Sesbania r o s t ra t a  

recorded the h ighest va lu e  (9.33 percen t) f o r  p ro te in  

content. When the treatm ents were compared a ga in st  

co n tro l (t re a te d  as pe r  the KAU package o f  p ra c t ic e s  

recommendations), i t  was seen that the d if fe r e n c e  was 

s ig n i f ic a n t  and c o n tro l recorded  a h igh er va lu e  

(10.33 percen t) than a l l  the other treatm ents.

10. The a v a i la b le  n itrogen  and phosphorus content o f  the 

s o i l  a f t e r  the experiment was found to be in fluen ced  

s ig n i f ic a n t ly  by the d i f f e r e n t  le v e ls  o f  n itrogen  in  

con junction  w ith  Sesban ia  r o s t ra t a  in co rp o ra tion . The 

a v a ila b le  potassium content o f  the s o i l  a f t e r  the



53

experiment was not in fluen ced  s ig n i f ic a n t ly  by the 

d if fe r e n t  treatm ents.

It  can be expected that incorporation of 

Sesbania rostrata before r ice  can substitute about 50 percent 

of the recommended dose of nitrogen for rice. But the same 

experiment should be repeated for two or three seasons to 

confirm the trend of results obtained m  the present experi

ment.

Future line of work

( i )  Experiments may be conducted to  assess the growth

performance and n itrogen  f ix a t io n  o f  Sesbania ro s t ra ta . 

when p lanted as an a l le y  crop along w ith  low land r ic e .

( i i )  Experiments may be c a rr ie d  out to  f in d  out the e f fe c t  

o f Sesbania ro s t ra ta  as a green manure on the physico

chemical p rop ert ie s  o f s o i l .

( i l l )  Crop ro ta tio n  stud ies  by includ ing Sesbania ro s t ra ta  

m  the ro ta t io n .

( i v )  The same experiment may be repeated fo r  two or three  

seasons to  confirm  the trend  o f r e s u lts  obtained in  

the present experiment.
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(1 ) (2 ) (3 ) (4 ) (5 ) (6 ) (7 )

41 Oct. 08 Oct. 14 1.56 30.29 23.61 79.21
42 Oct. 15 Oct. 21 10.57 30.29 23.21 80.57
43 Oct. 22 Oct. 28 8.63 28.66 23.i9 80.14

44 Oct. 29 Nov. 04 9.59 29.60 23.79 83.07
45 Nov. 05 Nov. 11 1.50 30.09 23.34 83.57
46 NOV. 12 Nov. 18 28.77 29.82 23.24 87.14
47 NOV. 19 Nov. 25 3.89 30.38 22.63 77.21
48 Nov. 26 Dec. 02 0 .0 0 30.51 23.56 78.00
49 Dec. 03 Dec. 09 0 .0 0 30.58 20.33 70.43

50 Dec. 10 Dec. 16 0 .0 0 30.55 21.31 76.07

51 Dec. 17 Dec. 23 1.14 30.40 23.70 79.43

Source: M e teo ro log ica l O bservatory , C o lle ge  o f  A g r ic u ltu re , V e lla y a n i.



APPENDIX I I

Weather conditions at Vellayan i (Average o f 5 years, 1986-1990)

Standard Period R a in fa ll Maximum Minimum Relative
week From To (mm) tempera

ture
(°C )

tempera
ture
( #C)

humidity
(%)

(1 ) (2 ) (3 ) (4 ) (5 ) (6 ) (7 )

23 June 04 June 10 8.28 30.70 23.75 75.20
24 June 11 June 17 9.32 30.08 22.12 79.48
25 June 18 June 24 5.62 29.96 24.08 81.58
26 June 25 July 01 6.26 30.02 22.52 81.93
27 July 02 July 08 5.29 30.44 23.56 76.78
28 July 09 July 15 5.68 30.24 23.48 81.73
29 July 16 July 22 7.07 30.12 23.44 81.46
30 July 23 July 29 1.92 29.84 23.48 77.98
31 July 30 Aug. 05 4.52 30.08 23.58 79.34
32 Aug. 06 Aug. 12 10.16 29.40 23.20 79.12
33 Aug. 13 Aug. 19 5.60 29.58 22.92 80.24
34 Aug. 20 Aug. 26 3.72 30.17 23.56 77.96
35 Aug. 27 Sep. 02 2 .66 30.46 23.66 78.12
36 Sep. 03 Sep. 09 5.24 30.56 23.30 76.62
37 Sep. 10 Sep. 16 3.58 30.90 23.66 78.12
38 Sep. 17 Sep. 23 8.56 30.12 23.54 77.62



39
40
41

42
43
44

45
46
47
48

49

50

51

(2 ) (3 ) (4 ) (5 ) (6 ) (7 )

Sep. 24 Sep. 30 5.78 29.98 23.44 80.06
O ct. 01 Oct. 07 5.20 30.54 23.80 77.46
Oct. 08 Oct. 14 2.36 30.62 23.80 80.52
OctL. 15 Oct. 21 5.04 30.84 23.96 79.86
O ct. 22 O ct. 28 5.48 30.46 23.72 82.10
O ct. 29 Nov. 04 14.98 30.40 23.24 79.86
Nov. 05 Nov. 11 8.94 30.46 23.36 80.22
Nov. 12 NOV. 18 3.64 30.74 23.24 76.52
Nov. 19 NOV. 25 4.66 30.86 2 2 .6 6 73.32
Nov. 26 Dec. 02 2.24 30.98 22.28 76.92
Dec. 03 Dec. 09 4.60 30.96 22.72 74.18

Dec. 10 Dec. 16 1.26 31.18 22.42 71.14

Dec. 17 Dec. 23 2 .6 8 31.30 22.34 71.24

M e te o ro lo g ic a l O bservato ry , C o lle g e  o f  A g r ic u ltu re , V e lla y a n i .
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ABSTRACT

With a view to assess the in fluence o f in  s itu
/\

growing and incorporation  o f sesbania ro stra ta  on the 

growth and productiv ity  o f r ic e  and to study the economy 

o f nitrogen use by r ic e ,  a f i e l d  experiment was conducted 

at C o llege  o f A gricu ltu re , V e llayan i during the period  from 

July 1991 to December 1991. The experiment was la id  out in  

Randomised Block Design with three rep lic a t io n s . Three 

le v e ls  o f  Rhizoblum inocu lation  fo r  Sesbania ro s tra ta  

( i j  -  seed inocu lation , i 2 -  stem inocu lation , i 3 -  seed + 

stem ino cu la tio n ), f iv e  le v e ls  o f n itrogen  to succeeding 

crop o f r ic e  ra ised  a fte r  incorporation  o f Sesbania ro stra ta  

(nQ -  no n itrogen , n^ -  25 percent o f the recommended dose, 

n2 -  50 percent o f  the recommended dose, n3 -  75 percent 

recommended dose, n4 -  100 percent recommended dose) and 

one contro l p lo t  o f  r ic e  (t re a ted  as per KAU package o f  

p ractices  recommendations) were f ix e d  as treatments. The 

r ic e  v a rie ty  used was Jyothi. The s o i l  o f the experimental 

s i t e  was sandy c lay  loam, medium in  ava ilab le  n itrogen  and 

phosphorus and low in  av a ilab le  potassium. An abstract of 

the re su lts  i s  given below.

Among the three d if fe re n t  le v e ls  o f  inocu lation , 

seed + stem inocu lation  was found to in fluence, the green 

matter and dry matter y ie ld s  o f  Sesbania ro stra ta  p o s it iv e ly .



though not s ign ific an tly . The number and dry weight o f 

root nodules and shoot nodules, nitrogen uptake, phosphorus 

uptake, potassium uptake, calcium uptake and magnesium 

uptake were not fouq£ to be influenced s ign ific an tly  by the 

d iffe ren t inoculation le v e ls . From these re su lts , i t  can be 

concluded that, the easiest method o f  inoculation v iz . seed 

inoculation i s  su ffic ien t fo r  sa t is fac to ry  growth and 

nitrogen fix a t io n  by Sesbania ro s tra ta . The present study 

also revealed that the growth and nodulation o f 

Sesbania ro stra ta  is  not sa t is fa c to ry  under conditions o f 

continuous submergence, as that prevailed  during the cropping 

period o f the present experiment. Rhizoblmn being an aerobic 

bacteria might have got inh ib ited  under the anaerobic condi

tions created by continuous water logging. Furthermore, 

the acid ic condition o f the s o i l  o f the experimental s ite  

might have a lso  inhibited the ac tiv ity  of Rhizobium. Thus 

i t  shows that lim ing is  absolutely necessary fo r  the sa t is 

factory growth o f Sesbania ro stra ta  in acid s o i ls .

Among the d iffe ren t  treatments tried , though the 

control (KAU package of practices recommendations) gave 

the maximum y ie ld , i t  was on par with the treatment 

comprising 50 percent o f the recommended dose o f nitrogen  

along with Sesbania rostra ta  incorporation. This shows
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that there is  considerable scope for economising nitrogen  

by the substitution o f  chemical nitrogen applied to r ic e  

by Sesbania ro stra ta .




