
EFFECT OF GREEN MANURE OF Sesbania rostrata 
(BREM. AND OBREM.) IN CONJUNCTION WITH 

NITROGEN LEVELS ON THE GROWTH, YIELD 
AND NITROGEN ECONOMY OF RICE 

Y. R. ALADAKATTI, B.SC. (Agri.) 

DEPARTMENT OF AGRONOMY 

UNIVERSITY OF AGRICULTURAL SCIENCES 
BANGALORE 

1991 





EFFECT OF GREEN MANURE OF Sesbania rostrata 
(BREM. AND OBREM.) IN CONJUNCTION WITH 

NITROGEN LEVELS ON THE GROWTH, YIELD 
AND NITROGEN ECONOMY OF RICE 

Y. R. ALADAKATTI, B.Sc. (Agri.) 

Thesis submitted to the 
University of Agricultural Sciences, Bangalore 

in partial fulfilment of the requirements 
for the award of the Degree of 

MASTER OF SCIENCE (AGRICULTURE) 

in 

AGRONOMY 

BANGALORE NOVEMBER 1991 



(zMllectionateiy Zuedicated 

to my zBelooed "^arent^) 



Department of Agronomy 

UNIVERSITY OF AGRICULTURAL SCIENCES 

BANGALORE 

CERTIFICATE 

This is to certify that the thesis entitled "EFTECT Ce GREEN 

MANURE OF Sesbania rostrata (BREM. AND OBREM.), IN OONJUNCTION WTIH 

NITROGEN LEVELS ON WE GROWIW, YIELD AND NTIROGEN BOONDMY OF RICE" 

submitted by Mr. Y-R-ALADAKATTI, for the degree of MASTER OF SCIEIKE 

(AGRICULTURE) in ACRONCMf, of the University of Agricultural Sciences, 

Bangalore, is a record of research work done by him, during the period 

of his study in this University under my guidance and supervision and 

the thesis has not previously formed the basis of the award of any 

degree, diploma, associateship, fellowship or any other similar title. 

BANGALORE. 

NOVEMBER, 1991 (S.PANCHAKSHARAIAH) 
Senior Agronomist and Head 

Agricultural Research Station 
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I . INTRODUCTION 

Rice (Qr.yza s a t i v a L. ) i s one of the most important 

food c rops of the world. The area covered under r i c e in 

the world i s 145.00 mi l l ion h e c t a r e s with a t o t a l produc­

t i on of 4S3.'00 ra. tonnes and average p r o d u c t i v i t y of 3320 

kg per ha (Anon., 19S8a). 

I n d i a has the l a r g e s t a rea under r i c e among the 

r i c e growing c o u n t r i e s of the world, but ranks second in 

t o t a l product ion a f t e r China. In I n d i a , r i c e i s grown 

on an area of 41 .0 m. ha with an annual product ion of 

101.95 m. tonnes (Anon., 19BSa}. The average y i e ld per 

ha in India i s c onsiderahly low (24S7 kgAia) as aga ins t 

other c o u n t r i e s such as A u s t r a l i a (7179 k g / h a ) , Spain 

(6391 k g / h a ) , U.S.A. (6178 k g / h a ) , Japan (5S25 kg /ha) 

and Ohina (5301 k g / h a ) . One of the main reasons for 

the low p r o d u c t i v i t y of r i c e in India i s due to low 

consumption of f e r t i l i z e r s and poor f e r t i l i t y s t a t u s of 

t he s o i l . 

The t o t a l area under r i c e in Karnataka i s 10.48 

lakh ha , with an annual production of 28.14 lakh tonnes 

and average y i e ld of 282? kg per ha (Anon., 1990). 



Nitrogen is a key input in increasing the r i ce 

•ororiuo t ion . Urea i s the pr incipal source of nitrogen 

now being used in India, but the f e r t i l i z e r use e f f i ­

ciency i s low in r ice cu l t iva t ion due to the losses of 

nitrogen from urea, which werereported to range from 

60-BO Der cent under poor management s i tua t ions (Parr, 

1967"). Poor u t i l i za t ion of nitrogen by r i c e i s largely 

due to N-losses from the so i l through run off, leaching 

and d e n i t r i f i c a t i o n . 

The present f e r t i l i z e r shortage and the universal 

hike in f e r t i l i z e r prices have generated serious i n t e ­

r e s t in the e f f ic ien t use of f e r t i l i z e r s for r i c e . One 

of the ways to reduce f e r t i l i z e r nitrogen consumption 

and N-losses i s to subs t i tu te nitrogen through the green 

manure crops. Work carried out at IRRI, Phi l ippines , in 

recent years has shown that the efficiency of green 

manure and chemical f e r t i l i z e r s were similar (Morris 

et a l . , 1986). Green manure which can accumulate very 

high amount of nu t r i en t s in a short time would act as 

an a l t e rna te source of f e r t i l i z e r s and have the po­

t e n t i a l to cover the substant ia l portion of nitrogen 

requirement by r i c e . 



Sesbania r o s t r a t a â t ropica l legume i s gaining 

importance as green manure in r i ce production. I t i s 

superior to other t r a d i t i o n a l green manure species by 

having the ab i l i ty to nodulate on both roots and stem. 

I t is reported to putforth fast growth with high n i t r o ­

gen accumulation in a short time, subs t i tu t ing substan­

t i a l amounts of nitrogen in the r ice production(Rinaudo 

e i ^ . , 19S3). Profuse stem nodulating a b i l i t y provides 

an addi t ional opportunity to fix nitrogen under flooded 

conditions (Meelu et_ al^., 19SB). 

In order to study the effect of _S. r o s t r a t a , a 

stem nodulating green manure on transplanted r i c e an 

experiment was conducted during kharif 1990-91 at the 

Agricultural Research Stat ion, Kathalagere, of the 

University of Agricultural Sciences, Bangalore, with 

the following specific object ives . 

1 . To assess the effect of S. r o s t r a t a green 

manure alone and in combination of d i f fe ­

rent levels of f e r t i l i z e r nitrogen on growth and 

yield of r i ce and on nitrogen economy. 



2. To study the uptake of nitrogen by 

rice in relation to in situ incor­

poration of S. rostrata green manure. 

3. To study the effect of in situ incor­

poration of S. rostrata green manure 

on total nitrogen status in the soil. 



REVIEW OF LITERATURE 



I I . REVIiW OF LITERATURE 

In an e f f o r t t o know the in f luence of Sesbanla 

r o s t r a t a , a stem: nodu la t ing green manure for n i t r ogen 

economy in r i c e product ion , an a t tempt has been made 

h e r e under to review the e a r l i e r work done on Sesbania 

r o s t r a t a . 

2 .1 Nodulation p a t t e r n of Sesbania r o s t r a t a 

Most n i t r o g e n - f i x i n g legumes have nodules on 

t h e i r r o o t system. However, _§. r o s t r a t a a t r o p i c a l 

legume forms nodules on stem as well as r o o t s and 

so i s c h a r a c t e r i s e d by good n i t rogen f i x i n g p o t e n t i a l . 

Tlreyfus and Dommergues (19B1) in t h e i r i n v e s t i ­

ga t i ons a t IRRI, P h i l i p p i n e s , found t h a t S. r o s t r a t a 

with Rhizobium inocu la t i on produced n i t rogen f i x i n g 

nodules both on r o o t s and stem and had 5-10 t imes 

more nodules than most nodu la t ing green manure spec ies 

due to i t s profuse stem n o d u l a t i o n . 

In a more d e t a i l e d study in H i i l i p p i n e s , Dreyfus 

ejt _al. (19B5) observed t h a t the pre-determined nodula­

t ion s i t e s on the stem, which were arranged in v e r t i c a l 

l i n e s formed n i t r o g e n f i x i n g nodules when in fec ted by 
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specific s t r a ins of Rhizobium. Further, they also 

observed that the nodulation was regular and prefase 

durittff rainy season than in cold and dry season, 

which v/as a t t r ibuted to i t s s ens i t i v i t y to photo 

period, temperature and humidity. 

Saint Macary et_ _al. (19S5) in Phi l ippines, found 

that the nodulation on the stem of ^ . r o s t r a t a was not 

d i r ec t ly linked to flooding and they opined tha t at 43 

days after sowing, the stem nodules were numerous and 

ac t ive , which enabled the species to reduce more acety­

lene than did the root nodules on _S. sesban. 

Work conducted at IRRI, Phi l ippines , on _S. r o s t r a t a 

indicated that the stem nodules formed continuously 

throughout the growth of the stem and remained sens i t ive 

to the Rhizobium infect ion. The mode of infection was 

unique as i t involved both an in t e rce l lu l a r invasion by 

Rhizobium and development of infection threads (Dreyfus 

e t a l . , 19S5). 



In the experiment at IRRI, Phi l ippines , i t was 

observed that the nitrogen fixing ac t iv i ty (acetylene 

reduction a c t i v i t y ) of stem nodules of S . ros t ra ta was 

mainly due to nodules formed at third and f i f t h week 

after sowing of ^ . r o s t r a t a , which indicated that f i f t h 

week after sowing of _S. r o s t r a t a as the most su i t ab le 

time for Rhizobium inoculation (Anon., 1985a). 

2 .2 Rhizobium inoculation to S. r o s t r a t a 

I>reyfus and Dommergues (1981) at IRRI, Biil ippines, 

isolated two types of s t r a i n s , v i z . , stem s t r a i n s , capa­

ble of nodulating both stem and root and root s t r a in s 

which nodulate root only. A physiological study showed 

that stem s t ra in ORS-571 had the a b i l i t y to grow with 

atmospheric nitrogen as the sole N-source. 

Dreyfus ©i a l . (1985) in Phi l ippines, observed 

that the seed inoculation of Ŝ . r o s t r a t a induced com­

plete root nodulation, but only p a r t i a l stem nodula -

t ion,while the shoot inoculation ot S_. r o s t r a t a when 

plan ts had attained a height of 5O-8O cm by Rhizobium 

s t r a in ORS-571 induced the sa t i s fac tory profuse stem 

nodulat ion. 
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In a green house experiment at IRRI, Hi i l ippines , 

i t was observed that the seed and stem of ^ . r o s t r a t a 

inoculated by Rhizobium s t ra in ORS-571 produced s i g n i f i ­

cantly more root and stem nodules and higher nitrogenase 

ac t iv i ty compared to the uninoculated plants which pro­

duced only root nodules. The r e s u l t s also showed tha t 

p lants grown under unflooded conditions had more nodules 

and nitrogenase ac t iv i ty than those grown under flooded 

condit ions (Anon., 19S6a). 

Radhakrishna _et_ ^ . (1990) in Bangalore reported 

tha t stem nodulation was occurred in five days when 30 

days old plants of _S. r o s t r a t a were sprayed with Azo-

rhizobium s t ra in SRN 3 and opined tha t the indigenous 

i so la t e SRF 3 was be t te r in the efficiency due to be t t e r 

adoption to the ecological factors of the region. Further, 

they opined that compared to seed inoculat ion, spraying of 

the cu l tu re suspension to the stem produced higher number 

of nodules and maximum nodule dry weight. 

Shivaram jet ^ . (1991) in Bangalore, reported that 

seed inoculation with Azorhizobium cul ture produced good 

nodulation in roots as well as stem and the spray of the 

c u l t u r e to S. r o s t r a t a plants at the age of 25 to 30 days 

induced profuse stem nodulation. 
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2 .3 N"itrogen accumulation b.y _S. r o s t r a t a 

Pinaudo et_ a l . (1983) in Senegal , estimated the 

accumulation of 267 kg F per ha by S.. r o s t r a t a under 

water- logged c o n d i t i o n s in 52 days . 

Sa in t Macary ejt al^. (1985) observed t h a t S, 

r o s t r a t a could f ix n i t r ogen even when the roo t system 

was submerged as i t had a c t i v e stem nodules and they 

opined t h a t _S. r o s t r a t a i s a promising green manure 

for r i c e under flooded c o n d i t i o n s . 

In one of the f i e l d experiments a t IRRI, P h i l i p ­

p i n e s , i t was found t h a t S. r o s t r a t a accumulated more 

than 200 kg N per ha in 58 days and I65 kg per ha in 

44 days (Anon., 19S5b). 

Crozat and Sangchyosawat (19S5) in Thailand, r e ­

ported t h a t S, r o s t r a t a fixed 131 kg N per ha in 55 

days under water- logged c o n d i t i o n s . 

In a pot experiment a t IRRI, R i i l i p p i n e s , i t was 

es t imated t h a t the uninoculated ^ . r o s t r a t a p l an t s had 
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the lowest N- f ixat ion potent ia l (75.6 kg N per ha) 

because of poor stem nodulation, while the stem + 

root inoculated plants had the highest N-fixation 

po ten t i a l amounting to 254.S kg N per ha due to profuse 

stem nodulation (Anon., l9S7a). 

In a f ield experiment at IREI, Ih i l ipp ines , i t 

was observed that the presence of high leve l of in -

organic nitrogen in the so i l had not inhibited the If-

f ixation of ^ . r o s t r a t a unlike other legumes as S. 

r o s t r a t a nodulates on the stem (Anon., 19S7b). 

ITdoye and Dreyfus (19B8) in Senegal, in a green 

house experiment found that ^ . r o s t r a t a fixed more 

nitrogen (0.7S-0.6S g N/plant) in 60 days, while S. 

sesban, a non-stem nodulating species fixed 0.06-0.05 

g N per plant . Further, i t was estimated that about 

83-109 kg N per ha and 7-1S kg N per ha could be fixed 

in 60 days by ^ . r o s t r a t a and ^ . sesban. respec t ive ly . 

Morris £ t ^ . (19S9) in Phil ippines, showed tha t 

the mean nitrogen accumulation by S. r o s t r a t a under 
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flooded conditions was 90 kg per ha in 43 days and I64 

kg per "ha in 60 days, whereas under unflooded conditions 

i t was 128 kg per ha in 43 days and 198 kg per ha in 60 

days. 

Halepyati and Sheelavantar (1990a) in Dharwad, 

reported that S. r o s t r a t a with higher plant density 

per ha (666,000 p l /ha) had the highest N-accumulation 

(177.7 kg per ha) at 56 days after sowing. 

Kulasooriya and Samarakoon (1990) in Sri Lanka 

opined that decapi ta t ing the young S. r o s t r a t a plants 

prior to stem inoculation with Rhizobium had p^roduced 

the higher acetylene reduction ac t iv i ty (49.7 wmol/hr ) 

and highest N-yield (128.5 mg/plant). 

Radhakrishna et_ a l . (1990) in Bangalore, reported 

tha t hasal application of phosphorus f e r t i l i z e r to S. 

r o s t r a t a plants and stem inoculation with Azorhizobium 

cul ture increased the biomass production (14.55 g/plant) 

and nitrogen uptake by ^ . r o s t r a t a plants (582 mg/plant) 

and they opined that high nitrogen fixing po ten t i a l of 

S_. r o s t r a t a was due to the increased formation of stem 

nod u les . 
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Shivaram. ^ al.. (1991) in Bangalore, estimated 

tha t _S. ro s t r a t a accumulated 150 to ISO kg nitrogen 

per ha in 45 to 50 days after emergence. 

2,4 Blomass -production of _S. r o s t r a t a 

Puroc et_ a^. (1985) in Phil ippines, estimated 

that ^ . r o s t r a t a produced dry matter yield of 7.7 

t per ha in 61 days with 176 kg nitrogen yield per 

ha, whereas the dry matter yield after 49 days was 

2.6 t per ha with N-yield of 89 kg per ha. They also 

opined tha t flooding the field 25 days prior to in -

corporation of hiomass reduced the dry matter and N-

yie lds hy ahout 2 5 per cent . 

Saint Macary _et _al. (1985) in Phil ippines, 

showed that in flooded conditions the hiomass pro­

duction per plant and per unit area was higher from 

_S. r o s t r a t a than _S. seshan. They observed tha t the 

T)lant population reduction due to flooding was greater 

for S,. sesban (20 per cent ) than for ^. r o s t r a t a . 

Ireneo et. a l . (19B7) in Phi l ippines, in a green 

house experiment on 5 . ros t r a t a observed tha t S . ros t ra ta 
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produced the same "biomass under both flooded and un-

flooded condit ions, and opined tha t i t s "biofer t i l iza-

t ion potent ia l could not be diminished by flooding. 

Further, they also noticed that the nitrogen f ixat ion 

in root nodules was reduced s igni f icant ly by flooding, 

but such reduction was not noticed in the stem nodules. 

A f ie ld experiment conducted in Ri i l ipp ines , 

showed tha t phosphorus f e r t i l i z a t i o n to ^ . r o s t r a t a 

s igni f icant ly improved the growth and biomass produc­

tion and the highest t o t a l dry matter yield v/as ob­

tained with the applicat ion of 60 kg PpOj. per ha 

(Anon., 19S7a). 

In another experiment in Phil ippines, on _S. 

r o s t r a t a i t was found that lesser biomass of roots 

was produced under un-flooded than under flooded 

condi t ions . Under flooded condi t ions, i t was noticed 

tha t the roots were more fibrous and whitish and a 

tuber l ike s t ructure similar to that of raddish was 

formed from the tap root which served as a mechanism 

-^ov adoptation of _S. r o s t r a t a to the flooded condi­

t ions (Anon., 19B7a). 
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Furoc et_ _a3̂ . (19BS) in Phil ippines, reported that 

the dry matter yield of S. r o s t r a t a was 5.27 t per ha. 

1 .OS t per ha and 0.29 t per ha at the age of 45 days, 

30 days and 2 0 days, respec t ive ly . 

Halepyati and Sheelavantar (1990a) in Dharwad, found 

tha t S_. r o s t r a t a with higher plant density (666,000 pl /ha) 

produced the highest fresh biomass (23.0 t / h a ) at the time 

of incorporation i . e . eight weeks after sowing. 

Thakur (1991 ) in Bihar, reported tha t ^ . r o s t r a t a 

aĉ ded more drv matter (4.3 tA^a) than _S. aculeata (4.2 

tAia) and further showed tha t the P-applic ation at sow­

ing of _S. r o s t r a t a was superior to P- applied at puddling. 

2.5 Age and method of incor-poration of _S. r o s t r a t a 

In a f ield experiment at IRRI, Hi i l ippines , i t 

was observed tha t S . ros t ra ta sown as in ter crop when 

r ice was t ransplanted, shared basal N-applled.ta 

r i c e , but the N- was reincorporated into the s o i l with 

green manure incorporation and increased the r ice grain 

y i e l d . However, i t was observed that ^ . r o s t r a t a sown 
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before r ice and incorporated into the so i l at 40 days 

of emergence increased the t o t a l dry matter yield of 

r i c e and also nitrogen accumulation (Anon., 1985a). 

Soil incorporation of 43 days old S. r o s t r a t a 

green leaf manure produced s igni f icant ly higher grain 

vield and higher t o t a l dry matter yield of r i c e than 

the surface application of green manure at IRRI, 

Phi l ippines . The r e su l t s also confirmed tha t Iri s i tu 

incorporation of _S. r o s t r a t a s ignif icant ly increased 

the t o t a l dry matter yield of r i c e (Anon., 1985a). 

In one of the studies at tRRI, Ri i l ippines , i t 

was found that the biomass production of §_. r o s t r a t a 

after 65 days of sowing was double than that of 45 

days old crop. The incorporation of the biomass after 

6^ days of sowing s igni f icant ly increased the t i l l e r 

number and grain yield (Anon., 1986b). 

Kanvir Singh et. ^ . (19SS) in Bihar, found tha t 

4^-60 days old ^ . r o s t r a t a accumulated 60-90 kg N per 

ha an^ so i l incorporation of the green biomass before 

UNIv pj; i -Y f r / r : ' U r - " - c : i c N C E 3 
U: JV^R I V 1 r : • ;.Y 

GKVK, r,6r-:CA( CTE- C30 CG5. 

T ,̂ 2701 
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r i c e t ransplant ing increased the r i ce yield by 3.7 

t per ha, while 60 kg inorganic nitrogen per ha in ­

creased the r i c e yield only by 1.7 t per ha. 

Morris et_ al_. (1989) in Phi l ippines , opined 

tha t regardless of flooding, herbage y ie lds and N-

accumulatlon in 60 days old crop of _S. r o s t r a t a was 

higher than that of 43 days old crop. Further, the 

incorporation of 60 days old _§. r o s t r a t a s ignif icant ly 

increased the productive t i l l e r s and grain yield of 

r i c e . 

Palaniappan and Budhar (1939) in Goimbatore, 

found that ^ . r o s t r a t a incorporated 15 days prior 

to t ransplant ing of r i ce at 12.5 t per ha s i g n i f i ­

cantly increased the productive t i l l e r s , panicles 
2 

per m and grain yield of r i c e . 

Halepyati and Sheelavantar (1990a) in Dharwad, 

reported that 56 days old S. r o s t r a t a incorporated 

into the so i l one day prior to r i ce t ransplant ing 

s igni f icant ly increased the r ice grain and straw 

yield with varying levels of added ni trogen. 
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2 .6 Green manuring of S. r o s t r a t a and Mtrogen re lease 

The r e s u l t s of a green house experiment conducted 

at IRRI, Phi l ippines, revealed tha t the NH. -N released 

af te r incorporation of ^. r o s t r a t a was higher than the 

N-released by azol la . The highest concentration of NH. -If 

was found in the top s o i l during the f i r s t 20 days after 

f looding. Purther, the k ine t ics of WE. -N in the f ield 

experiments was similar to that in pot experiment, hut 

there was an increased re lease of NH. -F at the end of 

the season (Anon., 19S6c). 

Higher TIH. -N level was observed during the f i r s t 

3-v,feeks af ter r i ce t ransplant ing with the ijn s i t u incor­

poration of S . ros t ra ta green manure compared to the un­

f e r t i l i z ed con t ro l , at IRRI, Hiil ippines (Anon., 19S7b). 

In one of the studies in Phi l ippines , i t was obser-
•f-

ved that the exchangeable NĤ  -N values from basally 

incorporated J . r o s t r a t a alone was highest at 21 days 

af te r t ransplant ing of r i c e , which gradually decreased 

t o a very low level after 14 days (Anon., 19SSb). 
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Furoc ejb _al. (1999) in Phi l ippines , reported 

that S . ros t ra ta incorporation released NH. -N sharply 

within ten days of incorporation exceeding or equall ing 

tha t from the chemical inorganic nitrogen application 

(20 kg N/ha) and further opined that 60 days old S. 

r o s t r a t a incorporation caused the greates t and most 

sustained NH. -N increase. 4 

In the invest igat ions of Khind et. al^. (1987) i t 

was observed that the incorporation of S_, r o s t r a t a 

caused marked increase in water soluble Ga, Mg, P, Pe 

and Mn , the increase was highest at four to eight days 

af ter flooding and decreased subsequently. 

Nagarajah ^ a l . (19S9) in Phi l ippines , estimated 

tha t apparent NH. -N release after incorporation of Ŝ . 

r o s t r a t a ranged from 44-31 per cent , but the range for 

Azolla was 27 to 52 per cen t . They observed tha t so i l 

solut ion and exchangeable NH. -N increased i n i t i a l l y , 

but levelled off between 30 to 80 days after flooding 

for S. r o s t r a t a and 20 to 40 days af ter flooding for 

Azolla. Further, they opined tha t apparent recovery of 

added green manure -N varied from 29-67 per cent and 

almost a l l N-released from the green manure was recovered 

in the r ice p lan t . 
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2.2 Effect of S. r o s t r a t a on Nitrogen subs t i tu t ion 
and r i c e yields 

Addition of nitrogen to a legume crop i s not 

usually necessary since the legume i s capable of 

f ixing nitrogen by i t s e l f , but an application of 

phosDbate and potash f e r t i l i z e r s often st imulates 

the growth of the crop. The f e r t i l i z e r s added serve 

the riual purpose of increasing d i rec t ly the yield of 

green manuring crop as well as that of succeeding crop 

as i t i s available after the incorporation into the 

s o i l . 

Rinaudo et_ al.. (1933) in Senegal, found that in­

corporation of _S. r o s t r a t a alone resulted in a grain 

yield increase of 3.72 t per ha which could be equiva­

lent to that obtained by 130 kg inorganic nitrogen per 

ha and also observed that so i l N-status was s ignif icant­

ly improved after the harvest of r i ce crop, which could 

benefi t the subsequent r i ce crop. 

Experiment conducted at IRRI, Philippines showed 

that the incorporation of _S. r o s t r a t a green manure in­

creased the r i ce grain yield by 1.3 t per ha and 0.7 t 

ver ha over the unfer t i l ized control and over the t rea t ­

ment that received 60 kg inorganic nitrogen per ha 

respect ively (Anon., 19S5b). 
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Dreyfus et_ a l . (1985) in microplots t r i a l on 

_S. r o s t r a t a at Senegal, found that incorporation of 
2 

^ . r o s t r a t a resulted in a grain yield of 584 g per m , 

v/hich is more than double the yield obtained by the 

control plot (212 g/m ). Further, they observed that 

the effect of inorganic (^^4)2^04 " f e r t i l i z e r was 

s igni f icant ly less pronounced than tha t of S . ros t ra ta . 

Oamara and Diara (1986) in Senegal, reported a 

saving of more than 50 per cent of recommended nitrogen 

f e r t i l i z e r s (120 kg M/ha) with S . ros t ra ta in r i ce pro-

d uction. 

In a field invest igat ion in Phi l ippines , Ireneo 

et a l . (1987) found that incorporation of ^ . r o s t r a t a 

alone gave r i ce grain yie lds comparable to the yield 

obtained by 60 kg N per ha, and concluded that S . ros t ra ta 

could supply N-requirement of transplanted r ice upto 60 

kg N per h a. 

In a field experiment in Phi l ippines , i t was found 

t h a t , the in s i tu incorporation of _S. r o s t r a t a green 

manure before r i ce t ransplant ing gave more r i c e yield (4.5 

tAia) than the pr i l led urea application of 60 kg K per ha. 

(4.0 t / h a ) (Anon., 19S7c). In a subsequent study basal 

incornoration of ^ . r o s t r a t a before r i c e t ransplant ing 

had piven s ignif icant ly higher yields (6.7 t / ha ) compared 

to control (4.6 tAia) . Further, the yields obtained by 

S . ros t ra ta incorporation alone and S. r o s t r a t a + 29 kg N 
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per ha were comparable (Anon., 19831)). During wet season, 

the r ice yield obtained by the incorporation of S. 

r o s t r a t a green manure alone (5.4 tAia) was comparable to 

the r ice yield obtained by 90 kg N per ha, as urea (5.I 

t / h a ) . 

Morris et_ ^ . (19S9) in Phi l ippines , reported tha t 

§.' r o s t r a t a incorporation alone yielded 4.0 t per ha of 

r i ce srrain, which was s ignif icant ly higher than the yield 

obtained by the application of 60 kg N per ha (3.7 t / ha ) 

'.mder flooded condi t ions , and they opined that S . ros t ra ta 

co"ld supply N-requirement of r ice upto 60 kg f e r t i l i z e r 

N per ha. Further, they also found that S . ros t ra ta could 

accumulate suff ic ient N between 43-60 days to increase 

the r ice yields more than 2.0 t per ha compared to control 

(no -11 source) . 

Rabindra et_ a l . ( l9S9) at Regional Research Stat ion, 

Mandya, reported s ignif icant ly higher r i ce grain yield (5.2 

t A a ) when S. r o s t r a t a green manure with 70 kg N per ha as 

urea was applied, compared to the yield obtained by 100 kg 

N -per ha as urea (4.5 t / h a ) . They also reported that the 

r i ce grain yield obtained by _S. r o s t r a t a incorporation 

alone (3.4 t / h a ) was comnarable with that of the yield 

obtained by 70 kg N per h a as urea, and concluded that 

use of S. r o s t r a t a could subs t i tu te for f e r t i l i z e r - N 
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upto 70 kg per ha in r i ce production and cost involved 

in supplying F-through _§. r o s t r a t a was less compaj:ed to 

the urea cost to supnly the same quantity of ni t rogen. 

Halepyati and Sheelavantar (19901:) at Dhaj:wad, 

found that the incorporation of S. r o s t r a t a green 

manure alone gave as much grain yield (4.63 t / ha ) as 

did the treatment receiving 100 kg N per ha as urea 

(4.5^^ tAia) and opined that 100 kg N per ha could be 

puts t i tu ted by S, r o s t r a t a green manure in r i ce produc­

t i o n . Further, they also reported that increasing 

applied nitrogen with S_̂  r o s t r a t a has further s i g n i f i ­

cantly increased the r ice grain yield and also raised 

the N-status of the so i l after harvest of the r i ce crop. 

Kalidurai and Kannaiyan (1990) in Tamil Nadu, 

found tha t S. r o s t r a t a along with 60 kg N per ha 

through neem coated urea gave the highest grain yield 

(6.2 tAia) and straw yield (15.1 t /ha ) under wet season. 

Thangaraju and Kannaiyan (1990) in Coimbatore, 

0T)ined that incor"Doration of S . ros t ra ta green manure 

(2 kg per m̂  ̂  alone yielded s igni f icant ly higher r i ce 
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grain yield (5.6 t A a ) and straw yield (10.7 tA^a) 

compared to 100 kg N per ha applied as urea super 

granules (USG), which yielded 5.1 t per ha r i c e 

grain and 11.0 t per ha straw. Further, they observed 

that grain yield v/as s igni f icant ly higher with jS. 

r o s t r a t a + 100 kg N per ha as urea super granules 

(6.6 tAia) . 

Thakur (1991 ) in Bihar, showed that the r i c e 

grain yield obtained by the incorporation of S, 

r o s t r a t a green manure with 40 kg N per ha as urea 

''3.3 tAia) was comparable to the yield obtained by 

°,0 kg N per ha as urea (3.3 t / ha ) and concluded tha t 

_S. r o s t r a t a could subs t i tu te 40 kg N requirement of 

transnlanted r i c e . 



MATERIAL AND METHODS 



I I I . KArj^lAL MD METHODS 

A f i e ld experiment on "Effect of green manure 

of Ses t an i a r o s t r a t a in conjunct ion with n i t rogen 

l e v e l s on the growth, y i e ld and n i t r ogen economy of 

r i c e " was ca r r i ed out during the k h a r i f season 1990-

9 1 . The d e t a i l s of the m a t e r i a l used and methodology 

adopted during the course of i n v e s t i g a t i o n s are f u r ­

nished in t h i s c h a p t e r . 

3.1 Experimental s i t e 

The experiment was conducted in p lo t No. 5 of 

'N' block at the A g r i c u l t u r a l Research S t a t i o n , K a t h a l a -

g e r e , Shimoga D i s t r i c t in the southern t r a n s i t i o n zone 

of Ksrnataka during khar i f 1990-91. This research s t a ­

t i on i s located in Bhadra Command area with i r r i g a t i o n 

f a c i l i t y for near ly 9 to 10 months in a y e a r . The Research 

S t a t i o n i s s i t u a t e d at 13°2' K l a t i t u d e and 76°15 • E l o n g i ­

tude at an e l eva t i on of 56I .6 metres atove mean sea l e v e l . 

3.2 Soi l and i t s c h a r a c t e r i s t i c s 

Topography of the land in experimental s i t e was 

f a i r l y uniform with a g e n t l e g r ad i en t towards the western 

sir^e. The com-pcsite s o i l samples were c o l l e c t e d from 
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eacb r e p l i c a t i o n of the experimental p l o t from t h e 

top 0 t o 30 cm layer before sowing _S. r o s t r a t a . These 

samples were analysed for the phys i ca l and chemical 

p r o p e r t i e s and the da ta along with the methods of 

t h e i r de te rmina t ion are furnished in Table 1. 

Soi l from each t rea tment p lo t was analysed for 

to+a 1 n i t r ogen before imposing the t r ea tmen t s and a l so 

a f t e r the ha rves t of r i c e c r o p . 

3.3 Cl imat ic c o n d i t i o n s 

The mean weather da ta of t en years in r e s p e c t of 

r a i n f a l l and the d a t a on t o t a l r a i n f a l l , maximum and 

minimum tempera tu re , r e l a t i v e humidity t h a t p reva i led 

dur ing the period of c rop growth (July to November 1990) 

a t the A g r i c u l t u r a l Research S t a t i o n , Kathalagere are 

presented in Appendix-I . 

The annual normal r a i n f a l l of t h e A g r i c u l t u r a l 

Research S t a t i o n , Kathalagere was 559.9S mm. The r a i n ­

f a l l was d i s t r i b u t e d from March to November with two 

r e a k s , one dur ing July (91.13 mm) another in September 

(1 1<3.46 mm). 
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Table 1. Physical and chemical propert ies of the so i l of the 
experimental s i t e at .Agricultural Research Stat ion, 
Kathalagere 

Soil Droperties Value Remarks Kethod of determination 

A. 

1 . 

3 . 

4 . 

5 . 

6 . 

7 . 

B. 

1 . 

Physical 
proper t ies 

Coarse sand 

rlne sand 

S i l t 

Clay 

Textural c l ; 

Field 
capac i ty 

i^) 

( ^ ) 

i%) 

m 

ass 

ilo) 

Bulk density 
(g/cc) 

Ghecnical 
Ptopert ies 

Soil pH 

2B.BS 

2 2 . 1 0 

16 .66 

30.64 

1 7 . 4 0 

1.57 

6 . 5 0 

-

-

-

-

G l a y -
loaiD 

-

Normal 

I n t e r n a t i o n a l 

P i p e t t e . 
method 

( P i p e r , 1966) 

F i e l d method 
( P i p e r , 1966) 

Gore Sampler method 
( l i p e r , 1966) 

pH meter ( J a c k s o n , 1967) 

2 . Organic c a r b o n (^) 0 .52 Kedium 

3 . T o t a l 
n i t r o g e n ( k g / h a ) 6S9.00 

Medium 

4 . A v a i l a b l e 
P^O^ ( k g / h a ) 

5 . A v a i l a b l e 
K2O ( k g / h a ) 

11 .00 Low 

216 .00 Medium 

Walkley and B l a c k ' s 
method ( J a c k s o n , 1 967 ) 

Modified Kje ldhal ' s 
method ( J a c k s o n , 1 9 6 7 ) 

Bray ' s ex t r a c t a n t 
method ( J a c k s o n , 1973) 

Flame pho tomete r 
method ( J a c k s o n , 1973) 
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er 

The crop growth period was from July 1990 to 

ITovember 1990. The r a i n f a l l rece ived during the c rop 

growth period v/as l e s s than the normal in June (63.8 

mm), July (51.10 mm), September ( IS.5 mm) and Octob 

(45.4 mm), while i t was more than the normal in May 

(108.0 mm), August (124.5 mm) and November (84.9 mm). 

The t o t a l r a i n f a l l received dur ing the year 1990 was 

50120mm and i t was l e s s by 53.73 mm as compared to 

the normal r a i n f a l l . 

3.4 GroDping h i s t o r y of the exper imental s i t e 

General ly paddy monoculture was p rac t iced in the 

exTDerimental s i t e a t the Agr icu l tu ra l Research S t a t i o n , 

Ka tha lage re . Previous crop on the experimental s i t e 

(dur ing kha r i f 1959) was paddy and the s i t e was kept 

fa l low during summer, 1990. 

3.5 ExTserimental d e t a i l s 

The experimental d e t a i l s are as fo l lows . 

3.5.1 Treatments 

There were seven treatments as detailed below. 
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T^ - No Sesbania r o s t r a t a + no n i t r o g e n ( c o n t r o l ) 

Tp - ^ . r o s t r a t a green manure only 

T , - S. r o s t r a t a + 25 kg n i t r ogen per h e c t a r e 

T - 5, r o s t r a t a + 50 kg n i t rogen per h e c t a r e 

Tj- - S_, r o s t r a t a + 75 kg n i t rogen per h e c t a r e 

Tr - S. r o s t r a t a + 100 kg n i t rogen per h e c t a r e 

Try - Normal p r a c t i c e (100 kg N per h e c t a r e ) 

A common dose of 50 kg fo'^s P^^ ^^ ^^^ '^^ ^S 

K^C per ha was applied to a l l the t r e a t m e n t s . ^ . 

r o s t r a t a green manure biomass was incorpora ted in 

s i t u as per the t r ea tmen t s a t the age of 55 days . 

Same quan t i ty of biomass i . e . 25 kg per p l o t ( IS .5 

t / h a ) was incorpora ted i n t o the s o i l of each p l o t 

except in the p l o t r e c e i v i n g T̂  and T„ t r e a t m e n t s . 

5 .5 .2 Design and layout 

The experiment was l a id out in Completely 

Randomized Block Design (CRBD) with t h r e e r e p l i ­

c a t i o n s . The layout plan adopted for the e x p e r i ­

ment i s given in Pig.1 . 

3 . 5 . 3 P lo t s i z e 

Gross p l o t s i z e : 4.5 m x 3.0 m 

Net p lo t s i z e : 4.0 m x 2.4 m 



LEGEND 
T̂  - No Sesbonio rostrata •No nitrogen (Control) 
^2- 5- rostroto green manure only 
T3- S; rostroto '25 Kg N per ha 
14- S; rostroto t 50 Kg N per ho 
T5- S- rostrota T̂B Kg N per ho ^ 
Tg- S: rostrota •100 Kg N per ho 
T7- Normal proctice (lOOKg N per ho ) 

# Acommon dose of 50l<gP205 and 50KgKI)/hQ opplied to oil treatnnerits 
«• Equal quantity of S rostroto green manure biomoss (18-5 I/ho) incorporated 

in lity in oil the Treatment plots except In plots receiving T̂  t T7 
treotmenls. 45m • 

R-I 

T6 

R-Il 

T7 

Tl 

R-llI 

FIG.1- LAYOUT PLAN OF THE EXPERIMENT 
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3.5 .4 Spacing 

Ses"bania r o s t r a t a : 30 cm x 10 cm 

Paddy : 20 cm x 10 cm 

3 .5 .5 Variety 

' J a y a ' v a r i e t y of paddy was used for the e x p e r i ­

ment. I t i s a coa r se g ra in v a r i e t y having moderately 

good t i l l e r i n g h a b i t with p lan t h e i g h t of about 83 cm 

and matures in 135 days . I t responds wel l to the added 

n i t r o g e n having high y i e ld p o t e n t i a l . 

3 . 5 . 6 Land DreDaration 

The land was ploughed twice and the clods were 

crushed to prepare fine seed bed. Plots were laid out 

as "per the plan and strong small bunds of sufficient 

height were put around each plot and replication to 

prevent surface flow of water between the plots. Smooth-

ening and slight levelling was done within the plots 

manually for maintaining uniform depth of water. 

3.6 Growing of Sesbania rostrata green manure crop 

3.6.1 Seed treatment 

The seeds of ̂ . rostrata were soaked in boiling 
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water for 3 to 4 minutes and then treated with specif ic 

Rhizohium cul ture after the pretreatment of fungicide 

Era i s s an. 

To t r e a t the seeds with Rhizobium cu l tu re , sugar 

solut ion was sprinkled over the seeds uniformly. Later, 

Rhizohium cul ture v/as mixed properly with seeds wetted 

wit>i sugar solut ion. I t was ensured that the seed coat 

was smeared uniformly with rhizohium c u l t u r e . 

3.6.2 Sowing of ^ . r o s t r a t a green manure crop 

The treated seeds of Ŝ . r o s t r a t a were dibbled in 

rows with an interrow spacing of 30 cm and intrarow. . . 

spacing of 10 em in each plot as per the treatment on 

27.5.1990. To ensure uniform crop stand in each p l o t , 

gap f i l l i n g was done wherever necessary af ter ten days 

through d i rec t seeding. 

3.6.3 Shoot inoculation of S. r o s t r a t a 

A liquid cul ture of specific Rhizobium s t r a in 

fCRS-STI ) obtained from the Department of Microbiology, 

HAS, Bangalore was sprayed on the shoots of S . ros t ra ta 

in a l l the treatment p lots after 30 days of sowing to 

i n i t i a t e the stem nodulation. 
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3.6 .4 Incor-poration of S_. r o s t r a t a green "biomass 

The p l o t s were drained when ^ . r o s t r a t a crop 

was 55 days o ld . The p l a n t s in the t r ea tmen t p l o t s 

were c u t to the ground l e v e l and f u r t h e r chopped in to 

10-20 cm long segments and incorporated i n t o the s o i l 

on 2 2 . 7 . 9 0 . The green biomass incorpora ted in each 

p l o t was 25 kg (1S.5 t / h a ) and the corresponding dry 

ma t t e r was 3.55 t per ha. 

3 .6 .5 Plant a n a l y s i s of S_. r o s t r a t a 

The p l an t sample along with stem and leaves 

c o l l e c t e d a t the time of i n c o r p o r a t i o n , was oven 

dr ied a t 60°0 to a cons tan t dry weight and then ground 

in wi l l ey m i l l and analysed for n i t rogen c o n t e n t . Ni-

trofren e s t ima t ion was done by ia ic ro-Kje ldha l ' s method 

(Black, I965a\ 

3 .6 .6 Nitrogen accumulation 

Nitrogen accumulation in S. r o s t r a t a green manure 

c rop at the time of i nco rpora t ion was c a l c u l a t e d by the 

fo l lowing formula. 
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N-per cent in j Dry biomass 
p l an t sample (kg/ha) 

Nitrogen accumulation = 
CkgAa) 100 

3.7 Growing of -paddy 

3 .7 .1 Rais ing ipaddy nursery 

The land se lec ted for r a i s i n g nursery was ploughed 

twice followed by clod c rush ing and harrowings to b r i ng 

the s o i l to f ine t i l t h . The f i e l d was l e v e l l e d p e r f e c t l y 

and r a i s e d seed beds of 7.5 m long, 1.2 m wide and 0.1 m 

he igh t were prepared . F e r t i l i z e r a t the r a t e of 450 g of 

ammonium s u l p h a t e , 2S0 g super phosphate , 75 g muria te of 

potash and 25 kg compost was applied by opening rows on 

the seed beds . Paddy seeds were sown in the small rows 

opened by the s ide of the f e r t i l i z e r l i n e s . The seed beds 

were i r r i g a t e d immediately a f t e r sowing and maintained a t 

t he s a t u r a t i o n l e v e l t i l l the germinat ion was comple te . 

When the s eed l ings were one inch h igh , the seed beds were 

submerged in a shallow layer of water . One week before 

t r a n s t ) l a n t i n g , each nursery bed was top dressed with I50 g 

of u rea . Twenty-five days old s eed l i ngs were used for 

p l a n t i n g . 
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3.7.2 F e r t i l i z e r apiplication 

A common dose of 50 kg PpOj- and 50 kg KpO per 

hectare was applied to a l l the p lots at the time of 

tr^insplanting of paddy and nitrogen v/as applied as per 

the treatments. Nitrogen was applied in two equal s p l i t 

doses, half at planting and the other half at panicle 

i n i t i a t i o n s tage . 

5.7.3 Transplanting of Tpaddy seedlings 

Twenty five days old, healthy seedlings were 

u-orooted from the nursery beds and transplanted in 

each treatment p lot "by providing an in ter row spacing 

of ?n om and in t r a row spacing of 10 cm. Two to three 

seedlings were planted per h i l l . Transplanting was done 

or] 30.7.1990. Gap f i l l i n g was done wherever necessary 

after a v/eek through direct t ransplant ing of paddy 

seedl ing . 

Transplanting of paddy seedlings was undertaken 

one v/eek after the In s i tu incorporation of S_. r o s t r a t a 

green biomass in the p lo t s . 



Plate 1, Green manure crop stand of Sesbanla rostata 

before Ijn situ incorporation in the treatment 

plots. 
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3.7.4 After care 

Butachlor (machete) herbicide was applied to 

the so i l in each treatment plot by mixing with sand 

and broadcasting uniformly on f if th day after t r ans -

r l an t ing paddy seedl ings . Rotary weeder was passed to 

remove the weeds and the plots were kept weed free 

throughout the growth period. 

3.7.5 I r r iga t ion 

A thin sheet of water was maintained in the plots 

during f i r s t ten days after p lant ing. From eleventh day 

onwards, water level in the plots was raised to 5 cm. In 

genera l , a water level of 3 to 5 cm was maintained upto 

ten days before harvest ing of the crop. 

3.7.6 Plant "protection measures 

Carbofuran granules at the r a t e of IS.5 kg per 

ha v.'as applied to the plots on 25th day af ter t rans -

Dlanting and spraying of Endosulfan was done on 50th 

an." 70th day after t ransp lan t ing . 

•^.7.7 Harvesting 

Crop was harvested on 23.11.1990 with a t o t a l 
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crop period of I4O days. F i r s t , a l l the border rows were 

harvested by cu t t ing at the base, and threshed separate ly . 

Afterwards, the crop in the net p lo ts was harvested and 

threshed. The grains were cleaned by winnowing and dried 

in the sunl ight . 

3.8 Collection of exDerimental data 

Five plants were randomly selected in the net plot 

area of each treatment and tagged for the observations on 

growth parameters, at various growth stages and yield para­

meters at harvesting s tage . Observations were recorded at 

a regular in terval of 30 days after t ransplant ing paddy and 

at •harvesting s tage . 

Five plants at random were uprooted from the gross 

plot area and used for the recording of dry matter accumu­

la t ion at d i f ferent growth stages and also at harvesting 

s tage . Crop from the net plot area was harvested, weighed 

and used for recording y ie ld . 

3.B.I Growth -parameters of 'caddv 

3.8.1.1 Plant height 

Plant height was measured from ground level to 

the t i p of the top most leaf and after panicle emergence, 
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the height was measured upto the tip of the tallest 

panicle. The mean plant height of five plants was 

expressed in centimetres (cm). 

?.8.1.? Total tiller number 

The total number of tillers was recorded in 

tagged five plants by counting the number of tillers 

per hill at various growth stages. Mean of five plants 

was expressed as the number of tillers per hill. 

2 
3 .B .1 .3 Leaf a rea yer vlant (cm ) 

Leaves from the f ive p l a n t s , which were s e l ec t ed 

for the record of dry matter accumulation were separa ted 

and l ea f area was recorded by d i r e c t l y feeding t h e leaves 

i n to the LI-3100 l e a f area meter (from LI-COR, Inc/LI-CGR 

L t d . , Nebraska, 'T.S.A.) . The mean l ea f area of f ive plants 

was c omputed . 

3 .9 .1 .4 Leaf area index (LAI) 

Leaf a rea index i s a measure of the ex ten t of 

cro-D canopy cover ing the l a n d . I t was computed by using 

t h e formula suggested by Watson (1952). 

Leaf a rea per p l a n t 
LAI = 

Land a rea occupied by the plant 



37 

3 . B . 1.5 Leaf a r e a d u r a t i o n (LAD) 

Leaf a r e a d u r a t i o n i s t h e i n t e g r a l of LAI over 

t h e growth p e r i o d and was worked o u t as o u t l i n e d by 

Power ejt al_. ( 1 9 6 7 ) . The fo rmula r e a d s , 

LAI^ + LAI^ 

LAD - X ( t^ - t . ) 
2 '̂  ' 

w h e r e , 

LAI. and LAI^ = p e r i o d i c a l o b s e r v a t i o n on 

l e a f a r e a index a t an i n t e r ­

v a l between t ime t., and t p . 

LAD t h u s c a l c u l a t e d was e x p r e s s e d i n d a y s . 

3 . B . 1 . 6 Dry m a t t e r -product ion and a c c u m u l a t i o n 

F ive randomly s e l e c t e d p l a n t s a t d i f f e r e n t 

g rowth s t a g e s were s e p a r a t e d i n t o l e a f , s tem and 

p a n i c l e s , and were d r i e d a t 60°G t o c o n s t a n t w e i g h t . 

Dry w e i g h t of l e a v e s , s tem and p a n i c l e s was r e c o r d e d 

s e p a r a t e l y . The mean d ry we igh t of f i v e p l a n t s was 

computed and e x p r e s s e d i n g per p l a n t . 

3 . 8 . 2 Yie ld p a r a m e t e r s 

Five p l a n t s t agged in n e t p l o t a r e a on which 
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the observa t ions on growth parameters were recorded , 

were a l so used for r ecord ing the obse rva t ions on y i e ld 

pa rame te r s . 

3 . 5 . 2 . 1 Number of p a n i c l e s per h i l l 

The number of f u l l y exerted and g ra in bea r ing 

p a n i c l e s per h i l l was counted at matur i ty on a l l t he 

f i v e tagged p l a n t s . The mean of f i v e p l a n t s was e x p r e s ­

sed as the number of pan ic l e s per h i l l . 

3 .5 .2 .2 Panic le length (cm) 

Twenty pan i c l e s were randomly se l ec t ed from the 

net p l o t . length of each pan i c l e was measured from the 

base of the pan ic l e to t h e t i p . The mean length per pani­

c l e was then c a l c u l a t e d . 

'^. '^.^.^ Single pan i c l e weight (g) 

Twenty randomly se l ec ted pamicles from net p l o t 

a rea were weighed and the mean was c a l c u l a t e d , expressed 

as g per p a n i c l e . 
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3 .S .2 .4 Number of g r a in s ver pan ic l e 

The numter of fu l ly developed g r a i n s per p a n i c l e 

were counted from a l l the pan i c l e s of each h i l l and ave­

rage was worked out and expressed as t h e number of g r a i n s 

per p a n i c l e . 

3 . « . ? . 5 Thousand g ra in weight (g) 

One thousand g ra ins were counted and separated 

frorr the sample obtained from the ne t p l o t g r a in y i e l d , 

weighed and then expressed in g. 

3 .B.2 .6 S t e r i l i t y percentage of sDike le t s 

The t o t a l l y undeveloped or poorly developed 

g r a i n s per pan ic le and t o t a l number of g r a i n s per 

p a n i c l e were counted . The s p i k e l e t s t e r i l i t y was 

c a l c u l a t e d by the formula. 

Tota l number of undeveloped 
g r a i n s per pan ic l e 

S p i k e l e t s t e r i l i t y (?^) = — x 100 
Tota l number of g r a i n s per 

p a n i c l e 

3 .B .2 .7 Grain yield 

The crop in the ne t p l o t a rea was harves ted 
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discarding the border rows. The grains were threshed, 

winnowed, cleaned and dried under sunl ight . The dried 

grain weight of each plot was recorded and i t was ex­

pressed as grain yield in quintals per ha. 

'5.3.2 .8 Straw yield 

After threshing, the straw from the net plot 

area was sundried for a week and weight was recorded. 

The straw weight was then expressed as quinta ls per ha. 

3-9.2.9 Harvest index 

Harvest index was calculated by using the formula 

as outlined by Donald (1962). 

Sconomic yield 
Harvest index = 

Biological yield 

3.8.3 Plant analysis 

Plant samples collected to record the dry matter 

production and i t s accumulation at various growth stages 

were used for chemical analys is . The plant samples were 

oven dried at 60°C and ground in willey mill and analysed 

for nitrogen content . 
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3.8.3.1 Nitrogen content 

Nitrogen in the plant was determined by micro-

Kjeldhal 's method as outlined "by Black (1965a). At har­

vest ing stage nitrogen content in the r i c e straw and 

grain was determined separate ly . 

3.8.3.2 Nitrogen u-ptake (kgAia) 

Based on the nitrogen per cent and dry matter 

of the plant par t , the nitrogen uptake (kg/ha) in d i f fe ­

rent par ts was ca lcu la ted , and from which the t o t a l up -

take (kg/ha) by the crop at different growth stages was 

computed . 

Nitrogen uptake ^ ^ in straw . ^ , ^ 
by straw or °^ g^^^^ ^ 7 "^^^^^ °^ 
^rain^ (k^Aia) " ^ straw or gram 
grains Ug/ha; ^^^ (kg/ha) 

3.8.4 Soil analysis for nitrogen 

Composite so i l samples from 0 to 30cm depth were 

collected before sowing of ^ . r o s t r a t a and after the har­

vest of r i ce crop from each treatment p lo t . The so i l 

samples were dried in shade and finely powdered with wood­

en pest le and mortar to pass through 2 mm s ieve . This 
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s o i l sample was used for estimating t o t a l ni trogen 

content following the modified micro-Kjeldhal's method 

as outlined by Jackson (1967). 

3.3.5 S t a t i s t i c a l analysis of the ex-perimental data 

The experimental data were subjected to s t a t i ­

s t i c a l t e s t as per F isher ' s method of Analysis of 

variance for completely Randomised Block Design as 

outlined by Sundararaj et_ aJ . (1972). 

The level of significance used in 'F ' and ' t ' 

t e s t s was 5 per cent . 

C r i t i c a l difference values were calculated 

wherever the 'F ' t e s t was s igni f icant and in other 

cases , values of standard error of means have been 

furnished. 
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lY. EXPERIMENTAL RESULTS 

The r e s u l t s of the experiment conducted dur ing 

k h a r i f 1990-91 at the A g r i c u l t u r a l Research S t a t i o n , 

Ka tha l age re , to stu.-^y the e f f ec t of Seshania r o s t r a t a 

on growth and y ie ld of r i c e and on n i t r ogen economy 

are presented in t h i s c h a p t e r . 

4 .1 Nitrogen con ten t (per c e n t ) in S. r o s t r a t a 

Nitrogen c o n t e n t in the ^ . r o s t r a t a p lan t 

sample at t he time of i nco rpora t ion in to the s o i l 

was 4 .? per cen t on dry weight b a s i s . 

4.2 Nitrogen accumulation (kg/ha) hv ^ . r o s t r a t a 

Nitrogen accumulated by the S. r o s t r a t a green 

biomass at the time of inco rpora t ion was 149.1 kg per 

ha on dry weight b a s i s . 

4 . 3 Growth narameters of r i c e 

4 .3 .1 P lan t he igh t of r i c e (cm) 

The da ta on the p l an t h e i g h t as inf luenced by 

thp rn s i t u incorpora t ion of S. r o s t r a t a green manure 

along with d i f f e r e n t n i t r o g e n l e v e l s a t va r ious growth 

s t ages are furnished in Table 2 . 
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Table 2. Plant height (cm) of r i ce as influenced by in s i tu 
incorporation of Sesbania r o s t r a t a green manure 
along with different nitrogen leve ls at various 
growth stages 

A+ 
T r e a t m e n t s 30 DAT 60 DAP 90 DAP , ^ 

h a r v e s t 

T^ : No S. r o s t r a t a + 32 .47 41-37 5 5 . 3 6 6 0 . 2 ? 

no n i t r o g e n ( c o n t r o l ) 

T^ : S. r o s t r a t a only 3 7 . 9 3 4B.60 6 2 . 9 7 6 7 . 4 6 

'T, : §.. r o s t r a t a + 25 kg N 3 3 . 6 3 5 3 . 4 0 6 7 . 5 3 7 2 . 6 3 

T^ : S_. r o s t r a t a + 50 kg N 4 5 . 9 3 6 1 . 2 7 7^ .90 7 9 . 0 3 

T^ : S. r o s t r a t a + 75 kg N 4 9 . 7 0 65 .67 7 9 . 2 3 S5 .23 

Tg : S. r o s t r a t a + 100 kg N 52 .70 66 .36 34 .67 37 .27 

T^ : Normal p r a c t i c e ^^^^^ ^^^^^ ^^^^^ ^^^^^ 

(100 kg N / h a ) 

Mean 4 3 . 1 3 56 .62 71.24 7 5 . 6 9 

S.Sm.+ 1.67 1.79 1.19 1.35 

O.D. a t 5^ 5 .15 5 .53 3 .68 4 . I S 
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Incorpora t ion of S. r o s t r a t a green manure along 

with d i f f e r e n t n i t rogen l e v e l s had s i g n i f i c a n t e f f ec t 

on p lan t he igh t of r i c e at a l l growth s t a g e s . 

At h a r v e s t , maximum p l a n t he igh t was recorded 

wi th the t rea tment r e c e i v i n g _S. r o s t r a t a + 100 kg N 

per ha (S7.27 cm) followed by S. r o s t r a t a + 75 kg N 

ver ha (S5.23 cm) and both were s i g n i f i c a n t l y h igher 

than the p lan t h e i g h t recorded in a l l other t r e a t m e n t s . 

Thf̂  -ol'Tnt h e i g h t recorded in the t rea tment _S. r o s t r a t a + 

"̂ 0 Vg N per ha (79.03 cm), was on par with t h a t of nor ­

mal -practice r e c e i v i n g 100 kg N per ha (77.97 cm). Low­

es t -plant h e i g h t was observed in the c o n t r o l which r e ­

ceived no S. r o s t r a t a and no n i t r ogen (60.27 cm) and was 

s i g n i f i c a n t l y d i f f e r e n t from a l l o ther t r e a t m e n t s . 

At a l l other growth s t a g e s , the t reatment r e c e i v ­

ing _S. r o s t r a t a + 100 kg N per ha recorded the maximum 

-plant he igh t followed by the t rea tment r ece iv ing _S. 

r o s t r a t a + 75 kg N per ha which were s i g n i f i c a n t l y 

h igher over the c o n t r o l , which received no S. r o s t r a t a 

and no n i t r o g e n . However, at 30 DAI and 60 DAI the 

p l a n t he igh t recorded in the t r ea tmen t s r ece iv ing _S. 

r o s t r a t a alone and ^ . r o s t r a t a + 25 kg N per ha, S. 
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ros t r a t a + 50 kg I-T per ha and ^ . r o s t r a t a + 75 kg N per 

ha, were on par with each other . 

4 .3 .? tJnmber of t i l l e r s per h i l l 

The data on the number of t i l l e r s per h i l l as 

influenced by i n s i tu incorporation of ^ . r o s t r a t a green 

manure along with different nitrogen levels at various 

grov/th stages are furnished in Table 3 and the number of 

t i l l e r s per h i l l recorded at harvest i s depicted in Fig.2 

Incorporation of S. r o s t r a t a green manure along 

with dif ferent nitrogen levels had s igni f icant effect 

on number of t i l l e r s per h i l l at a l l growth s tages . 

At harves t , the treatment receiving _S. r o s t r a t a + 

100 kg N per ha recorded the highest number of t i l l e r s 

per h i l l (13.73) closely followed by S. r o s t r a t a + 75 kg 

N per ha (13.27), which were s ignif icant ly superior to 

a l l other treatments. The number of t i l l e r s per h i l l with 

the treatment receiving ^ . r o s t r a t a + 50 kg N per ha 

('11.93) and that in the normal pract ice receiving 100 kg 

•̂̂  per ha (11.7"'^ were on par with each other . Significant-

Iv , 1 ov/er number of t i l l e r s per h i l l was recorded in con­

t r o l T)lot (6.?7^ as against a l l other t reatments . 
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Table 5. Number of t i l l e r s per h i l l of r i ce as influenced by 
in s i tu incorporation of Sesbania r o s t r a t a green 
manure along with d i f ferent N-levels at various 
growth stages 

Ti 

4 

5̂ 

Treatments 30 DAP 60 DAP 90 DAP 
At 

h a r v e s t 

T^ : No S. r o s t r a t a ^ ^^g^ 3 ^ ^ ^ 3 ^ ^ ^ ^^^7 

no n i t r o g e n (c o n t r o l ) 

Tp : S. r o s t r a t a only 2 . 4 0 11 .20 9 .93 S.20 

^ 3 • S. r o s t r a t a + 25 kg N 2 . 7 3 12 .73 11 .47 10 .13 

S_. r o s t r a t a + SO kg N 3 .40 15 .33 13 .27 11 .93 

J . r o s t r a t a + 75 kg N 3.87 16 .47 15 .00 13 .27 

Tg : S. r o s t r a t a + 100 kg N 3 .93 16.37 15 .40 13 .73 

^ '' ' ' ° ^ ^ ^ ^ p r a c t i c e ^^^^ ^^^^^ ^^^^^ ^^^^^ 
(100 kg N/ha) 

Mean 3.12 13 .75 12 .31 10.75 

S.Em.:^ 0 .12 0 .37 0.4B O.4O 

C D . a t 5% 0 .36 1.13 1 .47 1.24 
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FIG.2. NUMBER OF TILLERS PER HILL OF RICE AS INFLUENCED 

BY IN SITU INCORPORATION OF S. rostrata GREEN MANURE 

ALONG WITH DIFFERENT NITROGEN LEVELS AT HARVEST-
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At a l l o ther growth s t a g e s , the t rea tment r e c e i v ­

ing _S. r o s t r a t a + 100 kg N per ha recorded the maximum 

number of t i l l e r s followed ty S. r o s t r a t a + 75 kg N per 

ha and both were s i g n i f i c a n t l y supe r io r to a l l o ther 

t r e a t m e n t s . However, a t 30 DAP the number of t i l l e r s per 

h i l l with the t r ea tmen t r e c e i v i n g S. r o s t r a t a a lone(2 .40) 

was or<. par with t h a t of S . r o s t r a t a + 2 5 kg N per ha (2 .73} . 

4 . 3 . 3 Leaf a rea index (LAl) of r i c e 

The da ta on the l e a f area index (LAI) as i n f l u ­

enced by jji_ s i t u incorpora t ion of S, r o s t r a t a green 

manure along with d i f f e r e n t n i t rogen l e v e l s a t var ious 

c^rowth s t ages are presented in Table 4 . 

Incorpora t ion of ^ . r o s t r a t a green manure along 

with d i f f e r e n t n i t rogen l e v e l s had s i g n i f i c a n t e f f ec t 

on L*T at a l l grov/th s t a g e s . Maximum LAI was observed 

at QO ^AF in a l l t r e a t m e n t s , the t rea tment r e c e i v i n g 

J . r o s t r a t a + 100 kg N per ha (5.6S) and ^ . r o s t r a t a + 

75 kg N per ha ( 5 . 4 6 ) , being s i g n i f i c a n t l y super io r to 

a l l o ther t r e a t m e n t s . LAI in _S. r o s t r a t a + 50 kg N per 

ha (5.11) was on par with t h a t recorded with normal 

p r a c t i c e r e c e i v i n g 100 kg N per ha ( 5 . 1 1 ) . Lowest LAI 

was recorded with the c o n t r o l p lo t ( 3 . 5 5 ) , which was 

s i g n i f i c a n t l y d i f f e r e n t as compared to the t rea tment 

r e c e i v i n g ^ . r o s t r a t a green manure alone ( 4 . 3 7 ) . 
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Table 4. ^eaf area index (LAI) of r i ce as influenced by in s i tu 
incorporation of Sesbania r o s t r a t a green manure^along 
with dif ferent N-levels at various growth stages 

T 

T 
2 

^4 

^7 

T r e a t m e n t s 3̂ ^ DAI 60 DAP 90 DAI , ^^ 
h a r v e s t 

^ : No S. r o s t r a t a ^ ^^^^ 2 . 6 7 3.S5 1.54 
no n i t r o g e n ( c o n t r o l ) 

Ŝ . r o s t r a t a only 1 .05 

S_. r o s t r a t a + 25 kg N 1.17 

^ . r o s t r a t a + 50 kg N 1.23 

^ . r o s t r a t a + 75 kg N 1.49 

^ . r o s t r a t a + 100 kg N 1.56 

Normal p r a c t i c e 1 23 4 27 

(100 kg N /ha ) 

Mean 

S.Em._f 

O.D. a t 5i^ 

3.35 

3.85 

4.31 

^ .61 

4.71 

4.37 

4,76 

5,11 

5.46 

5.63 

2.16 

2.32 

2.SS 

3.17 

3.45 

5 ,11 2 .82 

1 .24 

0 .05 

0 .16 

3.97 

0 . 1 0 

0 . 3 0 

4 .91 

0 .11 

0.34 

2.62 

0 . 1 3 

0.41 
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At 30 DAP and 60 DAJ, maximum LAI was recorded 

with the t r ea tment r e c e i v i n g ^ . r o s t r a t a + 100 kg il 
> 

-per h?! followed ty _S. r o s t r a t a + 75 kg N per ha , which 

v/ere p i g n i f i o a n t l y suner io r to c o n t r o l . 

However, at harves t the LAI decreased c o n s i d e r -

a t l y and the maximum LAI was observed in the t r ea tmen t 

_S. r o s t r a t a + 10" kg IT per ha (3.4 5) followed by S. 

r o s t r a t a + 75 kg N per ha ^3 .17) , which were s i g n i f i c a n t ­

ly s u r e r i o r to a l l other t r e a t m e n t s . 

4 .3 .4 Tota l dry matter i r o d a c t i o n (g /h i 11) 

The da ta on t o t a l dry matter product ion as i n f l u ­

enced by jji gitjJ i nco rpo ra t i on of _S. r o s t r a t a green 

manure along with d i f f e r e n t n i t rogen l e v e l s a t v a r i o u s 

growth s tages are furnished in Table 5- Total dry mat te r 

product ion recorded at h a r v e s t i s depicted in F ig . 3 . 

Inc o rnora t i cn of _S. r o s t r a t a green manure along 

with .'^'ifferent n i t rogen l e v e l s had s i g n i f i c a n t e f f ec t 

on t o t a l dry mat te r product ion . a t a l l growth s t a g e s . 

At h a r v e s t , maximum dry mat ter product ion was 

recorded with the t rea tment r ece iv ing ^ . r o s t r a t a + 

100 '̂f' ^̂  per ha (19.76 g) c"'osely followed by 3̂ . r o s t r a t a 



51 

T a t l e " .̂ Dry m a t t e r p r o d u c t i o n ( g / h i l l ) of r i c e as i n f l u e n c e d 
by i n s i t u i n c o r p o r a t i o n of S e s b a n i a r o s t r a t a g r e e n 
manure a l o n g wi th d i f f e r e n t N - l e v e l s a t v a r i o u s 
growth s t a g e s 

T r e a t m e n t s 30 DAP 60 DAP go DAP ^ ^'^ 
h a r v e s t 

rv .^ : No S. rostrata ^ ^^^^ ^^^^ ^^^^ ^2.53 
no nitrogen (control) 

T : S. rostrata only 

S .rostrata-*- 2 5 kg N 

T, : S . r o s t r a t a + 50 kg N 

T̂  : S . r o s t r a t a - i - 75 kg N 
5 

'̂ g • S.ro_strajta-^ 100 kg N 

Normal p r a c t i c 

(ion kg N/ha) 

o.ss 
1 .21 

1 .63 

1.75 

1 .31 

4 . 5 9 

5.46 

6 . IB 

6 .90 

7.07 

9 .15 

10.41 

10 .99 

12.15 

12.51 

15.11 

16 .23 

17 .93 

19.39 

19.76 

T , : Norm.al p r a c t i c e ^^^g ^^^^ ^ ^ ^ 3 ^ ^^^^^ 

Mean 1.33 5 .73 10.49 16 .93 

S.Em.+ 0 .05 0 . 2 3 0 .24 0 . 2 9 

1.33 

0 .05 

0 .16 

5 .73 

0 . 2 3 

0 . 7 0 

10.49 

0 .24 

0 . 7 3 C D . a t 5i> 0 . 16 0 . 7 0 0 . 7 3 0 .37 



LEGEND 
T̂  = No SesbanJQ rostrata • No nitrogen (CONTROL) 
T2 = Sesbani'o rostrata Green nnanure only 
T3 = Sesbonio rostrata • 25kg N per ha 
T^ = Sesbania rost rata • 50kg N per ha 
T5 :: Sesbania rostrata • 75kg N per ha 
T5 = Sesbania rostrata • 100kg N per ha 
T7 t Normal practice (100kg N per ha) 

o 
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u> 
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: - • - ' , 

M h. 
T6 Tl T2 T3 U T5 

Treatnnents 

FIG.3. DRY MATTER PRODUCTION (g /h i l l ) OF RICE AS INFLUENCED BY 

\H SITU INCORPORATION OF S-rostrata GREEN MANURE ALONG 

WITH DIFFERENT NITROGEN LEVELS AT HARVEST. 
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+ 75 ^̂ g N per ha U9.39 g ) , which were supe r io r to a l l 

o the r t r e a t m e n t s . The dry matter product ion with the 

t r e a t m e n t r e c e i v i n g ^ . r o s t r a t a + 50 kg W per ha ( I7 .93g) 

and t h a t recorded with the normal p r a c t i c e r e c e i v i n g 100 

kg N per ha (17.43 g) were on par but supe r io r t o the 

c o n t r o l (12.5B g ) . Lowest dry matter product ion was r e ­

corded with the c o n t r o l p lo t (12.5S g) which was s i g n i f i ­

c a n t l y d i f f e r e n t as compared to a l l o ther t r e a t m e n t s . 

At other growth s t a g e s , the maximum dry matter 

•production was ohserved with the t rea tment r e c e i v i n g 

_S. r o s t r a t a + 100 kg N per ha followed by ^ . r o s t r a t a 

+ 75 kg N" per ha and both were super ior to a l l o ther 

t r e a t m e n t s . However, a t 30 TAT the dry matter product ion 

recorded with the t r ea tmen t r e c e i v i n g S. r o s t r a t a + 50kg 

N per ha (1.63 g) was on par with t h a t of ^ . r o s t r a t a + 

75 kg N per ha (1.75 g ) . At 90 DAP, the dry matter p ro ­

duc t ion observed with _S. r o s t r a t a + 25 kg N per ha(10 .41g) 

and with S. r o s t r a t a + 50 kg N per ha (10.99 g) were on 

par with each o the r . 

4 . 3 . 5 Dry mat te r accumulation in lea f ( g A i l l ) 

The d a t a on the dry mat te r accumulation in lea f 

as influenced by incorpora t ion of S . r o s t r a t a green manure 

along with d i f f e r e n t n i t rogen l e v e l s a t var ious growth 

sta/7e<^ are presented in Table 6. 
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Tatle 6. Dry matter accumulation in leaf ( g / h i l l ) of r i ce 
as Influenced by In s i tu incorporation of Sesbania 
r o s t r a t a green manure along with dif ferent N-levels 

^1 

^2 

^ 

% 

^ 

"̂ 6 

1 ' 

: >To 
no 

• s. 

• ^ • 

' s-
: S . 

2--

a t v a r i o u s growth 

T r e a t m e n t s 

S. r o s t r a t a + 
n i t r o g e n ( c o n t r o l ) 

r o s t r a t a only 

r o s t r a t a + 25 kg 

r o s t r a t a + 50 kg 

r o s t r a t a + 75 kg 

r o s t r a t a + 100 ke 

Normal p r a c t i c e 

MOO kg NAia) 

Wean 

S.Em.f 

:1.V. a t 5̂ ^̂  

N 

N 

N 

N 

s t a g e s 

30 DAP 

0 .26 

0 .51 

0 .67 

0 .89 

0 .90 

0 . 9 3 

0.S5 

0 .72 

0 .04 

0 .11 

60 DAI 

1.30 

1.S2 

2 . 0 3 

2 .64 

2 . 9 9 

3.11 

2 . 6 0 

2 .36 

0.14 

0 .42 

90 DAP 

2 .12 

2 .80 

2 .91 

2 . 9 3 

3 .02 

3 .17 

2 . 8 9 

2 . 8 3 

0 . 0 8 

0 . 2 3 

At 

h a r v e s t 

2 . 0 1 

2 .50 

2 . 5 0 

2 . 6 1 

2 . 9 7 

3 .15 

2 . 5 5 

2 .61 

0 . 1 0 

0 .32 
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Incorpora t ion of _S. r p s t r a t a green manure along with 

d i f f e r e n t n i t rogen l e v e l s had s i g n i f i c a n t e f f ec t en dry mat­

t e r accumulation in l ea f of r i c e a t a l l growth s t a g e s . 

Maximum dry matter accumulation in l ea f was recorded 

a t 90 DAP in a l l the t r e a t m e n t s . The t rea tment r e c e i v i n g S. 

r o s t r a t a + 100 kg .N per ha (3»17 g) followed by S . r o s t r a t a 

+ 75 kg ^̂  per ha (3.02 g) recorded s i g n i f i c a n t l y h igher dry 

mat te r as compared to a l l other t r e a t m e n t s . The dry matter 

accumulation in l ea f recorded with the t r ea tment r e c e i v i n g 

S_. r o s t r a t a + 50 kg N per ha (2.93 g) was on par with t ha t 

recorded with the normal p r a c t i c e r e c e i v i n g 100 kg N per ha 

(2.89 g ) . S i g n i f i c a n t l y lowest dry matter accumulation in 

l e a f was recorded with the c o n t r o l (2.12 g) as a g a i n s t a l l 

other t r e a t m e n t s . 

At h a r v e s t , the maximum dry mat te r accumulation was 

obs<=rved v/ith the t rea tment r e c e i v i n g S. r o s t r a t a + 100 kg 

N ver ha (5.15 g) followed "by ^ . r o s t r a t a + 75 kg N per ha 

(2.Q7 p:') which were s i g n i f i c a n t l y super io r over a l l o ther 

t r e a t m e n t s . Hov/ever, the dry matter recorded with the 

t rea tment r e c e i v i n g S. r o s t r a t a + 50 kg N per ha (2.61 g) 

was on par with t h a t recorded with normal p r a c t i c e r e c e i v i n g 

100 kg N per ha (2.55 g ) . Similar t rend in dry matter accu­

mulat ion in l ea f was not iced at 30 DAP and a t 60 DAP in 

t h e s e t r e a t m e n t s . 

4 . 3 . 6 Dry matter accumulation in stem ( g A i i l l ) 

The da ta on dry matter accumulation in stem as 
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inf luenced by jji PJtu i n o e r r o r a t i o n of ^ . r o s t r a t a 

frreen manure along with a i f f e r e n t n i t rogen l e v e l s 

a t var ioup growth staf:ep; are furnished in Table 7 . 

Incorpora t ion of _S. r o s t r a t a green manure along 

w:th .-=1 a f f e ren t nitrop-en l e v e l s had s i g n i f i c a n t e f f ec t 

on the dry matter accumulation in stem a t a l l growth 

s t a g e s . 

Majximum dry matter accumulation in stem was r e ­

corded a t 90 T'AJ in a l l the t r e a t m e n t s . The t rea tments 

r e c e i v i n g S. r o s t r a t a + 100 kg IT per ha (7.59 g) c lo se ly 

followed by Si. r o s t r a t a + 75 kg N per ha (7.53 g) were 

s i g n i f i c a n t l y super io r to a l l o t h e r s . I t h a r v e s t , the 

t r ea tmen t r e c e i v i n g ^ . r o s t r a t a + 50 kg N per ha r e c o r ­

ded the dry mat te r accumulation (5-96 g) which v/as on 

par with t h a t of normal p r a c t i c e r e c e i v i n g 100 kg N per 

ha (5.91 g ) . The maximum dry matter in stem was recorded 

with _S. r o s t r a t a + 100 kg N per ha (6.42 g) followed by 

^ . r o s t r a t a + 75 kg N per ha (6.38 g) and both were s i g ­

n i f i c a n t l y supe r io r to a l l other t r e a t m e n t s . S i g n i f i c a n t ­

l y , lowest dry mat ter was recorded with the c ontr ol (/I .56g) 

as com.nared to a l l o ther t rea tments a t h a r v e s t . 
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Table 7 . Dry mat ter accumulation in stem ( g / h i l l ) of r i ce as 
influenced by incorpora t ion of Sesbania r o s t r a t a 
green manure along with d i f f e r e n t N - l e v e l s , a t 
va r ious growth s tages 

Treatments 30 DAI 60 DAI 90 D^I 
At 

harves t 

: Fo Ŝ . r o s t r a t a + no 

n i t rogen ( c o n t r o l ) 

T̂ , 

T> 

T, 

•v 

0 .19 

S_. r o s t r a t a only 0.37 

S. r o s t r a t a + ?5 kg N O.54 

S. r o s t r a t a + 50 kg N 0.74 

^ . r o s t r a t a + 7"̂  kg N 0.85 

^ . r o s t r a t a + 100 kg N O.SS 

^Tormal p r a c t i c e 

(100 kg N/ha) 0 .73 

2 . 1 9 

3.-^9 

4 . 8 3 

6 .58 

4 . 5 6 

2.77 

3.43 

3.54 

3.91 

3.96 

5.46 

6.29 

6.61 

7.53 

7.59 

5.44 

5.63 

5.96 

6.38 

6.42 

5.91 

Mean 

O.D. a t 5^ 

0.61 5.33 6 .41 5 .76 

0 .03 0 .16 0.24 0 .20 

0 .11 0 .49 0 .75 0.61 
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At a l l other growth s tages , the maximum dry 

matter accumulation in stem was recorded with the 

treatment receiving ^ . r o s t r a t a + 100 kg N per ha 

c losely followed by the treatment _S. r o s t r a t a + 75 

kg N per ha, which were s igni f icant ly superior to 

o the r s . ^ . r o s t r a t a + 50 kg N per ha recorded the 

dry matter accumulation, which was on par with that 

recorded with the normal pract ice receiving 100 kg 

TT per ha. 

4 .3 .7 Dry matter accumulation in panicle ( g / h i l l ) 

The data on dry matter accumulation in pani­

c les as influenced by j ^ s i tu incorporation of S. 

r o s t r a t a green manure along with dif ferent nitrogen 

leve l s at 90 BAP and at harvest are furnished in 

Table 9. 

Incorporation of §. r o s t r a t a green manure along 

with different nitrogen levels had s ignif icant effect 

on dry matter accumulation in panicles both at 90 CAP 

nnd at harvest . 

At harves t , maximum dry matter accumulation in 

panicles was recorded with the treatment receiving S. 

r o s t r a t a + 100 kg N per ha (10.19 g ) , closely followed 
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Table B. Dry matter accumulation in pan ic l e ( g A i i l l ) of r i c e 
as influenced by rn s i t u i nco rpora t ion of Sesbania 
r o s t r a t a green manure along with d i f f e r e n t N- l eve l s 
a t va r ious growth s t ages 

Treatment 90 DAP At h a r v e s t 

T : No S_. r o s t r a t a + no 

n i t r o g e n ( c o n t r o l ) 

T_ : B. r o s t r a t a only 

T : S_. r o s t r a t a + 25 kg N 

T : S. r o s t r a t a + 50 kg N 

T^ : S. r o s t r a t a + 75 kg N 

Tg : S. r o s t r a t a + 100 kg N 

T„ : N'ormal p r a c t i c e 

(100 kg NAa) 

0.52 

1.36 

6.01 

0 . 3 9 

1.21 

1.45 

1.60 

1.75 

7 .17 

S.15 

9 .36 

10.04 

10 .19 

3.97 

Mean 

S.Em.i 

C D , at 5^ 

1.25 

0 .07 

0 .21 

S.55 

0 .15 

0 .46 
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by S_. r o s t r a t a + 75 kg N per ha (10,04 g) which were 

s i g n i f i c a n t l y super ior to a l l o ther t r e a t m e n t s . The 

dry matter accumulation with the t rea tment S . r o s t r a t a 

+ 50 kg N per ha (9.36 g) was on par with t h a t recorded 

with the normal p r a c t i c e r ece iv ing 100 kg N per ha(8 .g7g) 

S ign i f i can t ly lov/est dry matter accumulation vfas recorded 

with the c o n t r o l (6.01 g ) , which received no S . r o s t r a t a 

and no n i t rogen as aga ins t the t r ea tmen t , which received 

^ . r o s t r a t a alone (7.17 g) and a l l o ther t r e a tmen t s . 

At 90 DAP, the dry matter accumulation recorded 

with the t reatment r e c e i v i n g ^ . r o s t r a t a + 50 kg N per 

ha (1.45 g) was on par with t h a t of ^ . rostralpa + 75 kg 

N per ha ( l . 6 0 g) and the normal p r a c t i c e rece iv ing 100 

kg N per ha (1.36 g ) . Maximum dry mat ter was recorded 

with S. r o s t r a t a + 100 kg N per ha^1.75 g) followed by 

J . r o s t r a t a + 75 kg N per ha (1 .60) , which were s i g n i ­

f i c a n t l y super io r to the c o n t r o l (0.52 g) and t h e normal 

r r ac t ice r e c e i v i n g 100 kg N per ha (1.36 g ) . 

4 . 3 . 8 lea f Area Duration (LAD) . ( d a y s ) 

The da ta on l ea f area dura t ion as influenced by 

in s i t u incorpora t ion of ^ . r o s t r a t a green manure along 
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with d i f f e r e n t n i t rogen l e v e l s at va r ious growth 

s tages are presented in Table 9. 

Incorpora t ion of S, r o s t r a t a green manure along 

with d i f f e r e n t n i t rogen l eve l s had s i g n i f i c a n t e f fec t 

on LAD at a l l growth s t a g e s . 

Maximum LAD was observed during 61 t o 90 DAP in 

a l l the t r e a t m e n t s . The t rea tment r e c e i v i n g S , r o s t r a t a 

+ 100 kg N per ha recorded the maximum LAD (155.79) , 

c l o s e l y followed by the t rea tment S. r o s t r a t a ••• 75 kg 

N per ha (151.06) and both were s i g n i f i c a n t l y higher 

than a l l o t h e r s . 

The LAD recorded with the t rea tment S. r o s t r a t a + 

5*̂  kg N per ha (1.'11.32) was on par with t h a t of the 

normal p r a c t i c e r ece iv ing 100 kg N per ha (14O.68) and 

s i g n i f i c a n t l y super ior to the con t ro l (97 .75) . 

At 30 to 60 DAP and a t 91 days t o h a r v e s t , maximum 

LAD was recorded with the t rea tment r ece iv ing S . r o s t r a t a 

+ 100 kg N per ha c lose ly followed by ^ . r o s t r a t a + 75kg 

N per ha , which were s i g n i f i c a n t l y super ior to the normal 

p r a c t i c e r e c e i v i n g 100 kg N per ha. The t r e a t t i e n t r e c e i v ­

ing ^ . r o s t r a t a + 50 kg li per ha and the normal p r a c t i c e 



G l 

Table 9 . Leaf a r e a d u r a t i o n (LADXdays) of r i c e as i n f l u e n c e d 
by iri s i t u i n c o r p o r a t i o n of S e s b a n i a r o s t r a t a g reen 
manure along- wi th d i f f e r e n t N - l e v e l s a t v a r i o u s 
growth s t a g e s 

T rea tmen t s 
30-60 61-90 9 1 -

DAP LAP h a r v e s t 

^ • ^ ° ^- £ 2 ^ t o i ^ ^ ° ° 52 .96 9 7 . 7 3 62.04 
n i t r o g e n ( c o n t r o l ) 

Tp : S. r o s t r a t a only 66 .53 116.27 75.04 

T^ : S. r o s t r a t a + 25 kg N 75 .26 129.08 BI .3S 

T '. S. r o s t r a t a + 50 kg N 83.81 141.32 91 .93 
4 ~ 

T_ : S. r o s t r a t a + 75 kg N 91 .56 151.06 99 .26 
D — 

Tg : S. r o s t r a t a + 100 kg N 94 .10 155.79 105.01 

h • ^^^"^^ p r a c t i c e 33^24 I4O.68 91 .11 
(100 kg N/ha) 

Mean 78.21 133 .13 86.54 

S.Sn.jt: ' ' •60 1,97 2 . 0 8 

C D . a t 5% A.93 6 .09 6 . 4 3 
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r e c e i v i n g 100 kg N per ha were on-par and both were 

s i g n i f i c a n t l y super ior t o c o n t r o l . 

4 .^ Yield parameters of r i c e 

4 .4 .1 Grain y ie ld (q /ha^. straw yie ld (q /ha) and 
Harvest index (HI 

The da ta on grain y i e l d , straw y i e ld and harves t 

index as influenced by rn s i t u incorpora t ion of _S. 

r o s t r a t a green manure along with d i f f e r e n t n i t rogen 

level;^ are presented in Table 10 and depicted in Pig.4 . 

Incorpora t ion of ^ . r o s t r a t a green manure along 

with d i f f e r e n t n i t rogen l eve l s had s i g n i f i c a n t e f f ec t 

OP grain y i e l d , straw y ie ld and a l so on: ha rves t index. 

Highest grain yield was recorded with the t r e a t ­

ment r ece iv ing S. r o s t r a t a + 100 kg N per ha (67.64 q/ 

h a \ c lo se ly followed by ^ . r o s t r a t a + 75 kg N per ha 

(65.5^ q / h a ) , which were s i g n i f i c a n t l y super ior to the 

iTain y ie ld recorded with a l l other t r ea tmen t s . The 

t rea tment r ece iv ing S. r o s t r a t a + 50 kg N per ha (59.73 

q / h a ) , was on par with t h a t of the normal p r a c t i c e 
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T a b l e iO. Gra in y i e l d ( q A a ) , straw y i e l d (q /ha ) and h a r v e s t 
index (HI) of r i c e as i n f l u e n c e d by i n s i tu , i n c o r -
•porat ion of S e s b a n i a r o s t r a t a g r e e n manure a long 
wi th d i f f e r e n t N - l e v e l s 

Grain Straw Harvest 
T r e a t m e n t s y i e l d y i e l d 

( q / h a ) ( q / h a ) Index 

T^ : No S. r o s t r a t a , + no ^^^^^ ^^^20 O.4OO 

n i t r o g e n ( c o n t r o l ) 

T : S. r o s t r a t a only 

T_ : S. r o s t r a t a + 2S kg N 
3 ~ 

T^ : S. rostrata + 50 kg N 
4 — 

Tj. : ^ . r o s t r a t a + 75 kg N 
T^ : _S. r o s t r a t a + 100 kg N 

T„ : T'Tortnal p r a c t i c e 
^ ( I0n kg N /ha ) 5S .3S 76 .92 0 .431 

Mean 

S.Sm.j^ 

C D . a t 5 ^ 

4B.19 

53.42 

5 9 . 7 3 

6 5 . 5 5 

67 .64 

67 .91 

7 2 . 9 3 

7S.12 

8 1 . 2 0 

B5.25 

0 .415 

0 . 4 2 3 

0 .433 

0 .447 

0.442 

56 .06 

1.15 

3 .55 

7 4 . 5 0 

1.56 

4.B1 

0 .427 

0 .005 

0 .016 
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r e c e i v i n g 100 kg N per ha (5S.3S q / h a ) . The g ra in 

3'ielG recorded with the c o n t r o l t r ea tment r e c e i v i n g 

no ^ . r o s t r a t a and no n i t rogen (59.51 qAia.) was s i g ­

n i f i c a n t l y lower as compared to the t r e a t m e n t s , which 

rece ived ^ . r o s t r a t a green manure alone (43.19) and 

S. r o s t r a t a + 25 kg N per ha (53.42 q A a ) . 

Highest straw y ie ld v/as recorded with the t r e a t ­

ment r ece iv ing ^ . r o s t r a t a + 100 kg K per ha (35.25 q/ 

ha ) which was on par with t h a t of ^ . r o s t r a t a + 75 kg 

•̂T per ha (31.?0 q/ha). These were s i g n i f i c a n t l y supe r io r 

t o a l l o ther t r e a t m e n t s , except the t rea tment r e c e i v i n g 

.?• r o s t r a t a + 50 kg T̂ -per ha (73.12 q/ha)^ which was on 

par with t h a t of ^ . r o s t r a t a + 75 kg 11 per ha (31.20 q/ 

ha ) and the normal p r a c t i c e r e c e i v i n g 100 kg N per ha 

(76.92 q / h a ) . S i g n i f i c a n t l y lowest straw y ie ld was r e ­

corded with the c o n t r o l t r ea tment (59.20 qA^a) compared 

to the t r ea tmen t r e c e i v i n g _S. r o s t r a t a green manure alone 

(67.91 q /ha) and S. r o s t r a t a + 25 kg N per ha (72 .93q/ha) , 

Maximum ha rves t index was observed wi th the t r e a t ­

ment r e c e i v i n g ^ . r o s t r a t a + 75 kg N per ha (0.447) 

followed by S.. r o s t r a t a + 100 kg N per ha (0.442) and 



LEGEND 
T̂  = No SesbanjQ rostratg • No nitrogen (CONTROL) 
T2 = Sesbonfa rostrota Green manure only 
T3 = Sesbania rost ratg • 25kg N per ha 
T^ : Sesbania rostratg • 50kg N per ha 
T5 : Sesbania rostratg • 75kg N per ha 
T5 - Sesbania rostrata • 100kg N per ha 
Ty c Nornrval practice (100kg N per ha) 

Grain y i e l d , ! ^ Straw yield • — • Harvest index 
m 

'1 T3 T4 T5 
Treatments 

T6 T7 

E IG.A.GRAIN YIELD ( q / h a ) , STRAW YIELD ( q / h a ) AND HARVEST 

INDEX OF RICE AS INFLUENCED BY INSmJ INCORPORATION 

OF S. rostrata GREEN MANURE ALONG WITH DIFFERENT 

NITROGEN LEVELS. 
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both were s i g n i f i c a n t l y supe r io r to the c o n t r o l (O.4OO). 

The ha rves t index recorded with the t r ea tment r e c e i v i n g 

_S. r o s t r a t a + 50 kg N per ha (0.4 33) was on par with 

t h a t of S. r o s t r a t a + 7-5 kg N per ha (0 .447) , the normal 

praotir^p r e c e i v i n g 100 kg N per ha (O.431 ) and a l so with 

t h a t of S. r o s t r a t a + 25 kg N per ha (O.423). 

4 . 4 . 2 Number of pan ic l e s per h i l l and number of g r a in s 
per pan ic le 0f r i c e 

The da t a on number of pan ic l e s per h i l l and number 

of g r a i n s per pan i c l e as influenced by In s i t u incorpora ­

t i on of _S. r o s t r a t a green manure along with d i f f e r e n t 

n i t r o g e n l e v e l s are presented in Table 11 and depicted 

in F ig . 5 . 

Incorpora t ion of ^ . r o s t r a t a green maiure along 

with d i f f e r e n t n i t r o r e n l e v e l s had s i g n i f i c a n t e f f e c t 

on number of -oanicles per h i l l and on number of g r a i n s 

per p a n i c l e . 

Highest number of pan i c l e s per h i l l was recorded 

with the t r ea tmen t r e c e i v i n g S. r o s t r a t a + 100 kg F per 

ha (9.53) c l o s e l y followed by ^ . r o s t r a t a + 75 kg N per 

ha (9 .47) and both were s i g n i f i c a n t l y supe r io r to a l l 

o ther t r e a t m e n t s . The number of pan ic l e s per h i l l r e ­

corded v.'ith the t rea tment r e c e i v i n g S. r o s t r a t a + 50 kg 
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Table 1 1 . Number of p a n i c l e s per h i l l and number of grains 
ver pan ic l e as influenced by iri s i t u incorpora t ion / 
of Sesbania r o s t r a t a green manure along with 

d i f f e r e n t N- leve l s 

Treatments 
Number of 
p a n i c l e s 

per h i l l 

Number of 
gra ins per 

pan ic l e 

T^. 

: No ^ . r o s t r a t a + no 
n i t r o g e n ( c o n t r o l ) 

^ . r o s t r a t a only 

5. r o s t r a t a + 2 5 kg N 

S. r o s t r a t a + 50 kg N 

S . r o s t r a t a + 75 kg N 

S. r o s t r a t a + 100 kg N 

Normal "oractice 

(100 kg N/ha) 

4.87 

7.37 

69.40 

6.27 

7.40 

S.43 

9.47 

9.53 

S3.50 

BS.77 

97.93 

105.97 

103.80 

96.87 

Mean 

S.Sm.i 

'^.D. a t 5< 

7.69 

0.33 

1.00 

93.03 

1.04 

3.20 
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LEGEND 
No Sesbonia rostrato • No nitrogen (CONTROL) 
Sesboni'g rostrota Green manure only 
Sesbania rostrato • 25kg N per ha 
Sesbanfg rostrato • 50kg N per ho 
Sesbonia rostrato • 75kg N per ho 
Sesbonia rostrato • 100kg N per ho 
Nornrwl practice (100kg N per ha) 

T3 U T5 
Treatnnents 

FIG. 5. NUMBER OF PANICLES PER HILL AND NUMBER OF 

GRAINS PER PANICLE AS INFLUENCED BY IN SITU 

INCORPORATION OF S- rostrato GREEN MANURE AUDNG 

WITH DIFFERENT NITROGEN LEVELS-
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N per ha (S.4 3) was on par with t h a t of the normal 

p r a c t i c e r e c e i v i n g 100 kg N per ha (7 .B7) , but both 

were supe r io r to c o n t r o l ( 4 . 3 7 ) . Treatments r e c e i v i n g 

S_. r o s t r a t a alone (6 .27) and ^ . r o s t r a t a + 25 kg N per 

ha (7 .40) were s i g n i f i c a n t l y super io r t o c o n t r o l ( 4 . 3 7 ) . 

Maximum number of g r a i n s per pan ic l e was obtained 

with the t rea tment r e c e i v i n g ^ . r o s t r a t a + 100 kg N per 

ha (10B.3) followed by S. r o s t r a t a + 75 kg N per ha 

(105 .97) , which were s i g n i f i c a n t l y h igher over a l l 

o the r t r e a t m e n t s . The number of g r a i n s per pan i c l e r e ­

corded with the t rea tment r e c e i v i n g _S. r o s t r a t a + 50 kg 

N per ha (97.93) was on par with t h a t of the normal 

p r a c t i c e r e c e i v i n g 100 kg N per ha (96 .37) . The number 

of g ra in s per pan ic l e obtained with the c o n t r o l t r e a t ­

ment (69.40) was s i g n i f i c a n t l y lower as compared t o the 

t rea tment r e c e i v i n g ^ . r o s t r a t a alone (33.50) and S. 

r o s t r a t a + ?5 kg N per ha (88 .77) . 

4 . 4 . 3 Pan ic le length(cm) and s ing l e pan ic l e weight (g) 
of r i c e 

The da ta on pan ic le length(cm) and s i n g l e pan ic l e 
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weigh t (g ) of r i c e as influenced ty in_ s i t u i nco rpo ra ­

t i o n of ^ . r o s t r a t a green manure along with d i f f e r e n t 

ni t roe 'en l e v e l s are furnished in Table 12. 

Incorpora t ion of S. r o s t r a t a green manure along 

with d i f f e r e n t n i t rogen l e v e l s had s i g n i f i c a n t e f f ec t 

on pan ic le l eng th and pan ic le weight . 

Panic le length recorded with the t r ea tmen t s _S. 

r o s t r a t a + 100 kg N per ha (23.60 cm) and S . r o s t r a t a 

+ 75 kg F per ha (23.20 cm) were i d e n t i c a l and both 

were s i g n i f i c a n t l y supe r io r to a l l o ther t r e a t m e n t s , 

The t r ea tmen t r ece iv ing 5. r o s t r a t a + 50 kg N per ha 

recorded a pan ic l e length of 22.43 cm, which was on 

par with t h a t of the normal p r a c t i c e r e c e i v i n g 100 kg 

7T per ha (22.47 cm). The lowest pan ic le length was 

recorded in c o n t r o l t r ea tment (IS.40 cm), which was 

s i g n i f i c a n t l y l e s s as compared to the t rea tments ,which 

received ^ . r o s t r a t a alone (19.93 cm) and S. r o s t r a t a 

+ ?S kff F per ha (21.50 cm). 

Highest pan ic le weight was obtained in the t r e a t ­

ment r e c e i v i n g _S. r o s t r a t a + 100 kg N per ha (2.07 g) 



Ta"ble 12 . P a n i c l e l e n g t h and p a n i c l e w e i g h t of r i c e as 
i n f l u e n c e d ty In s i t u i n c o r p o r a t i o n of Sesbania 
r o s t r a t a g r een manure a l o n g with d i f f e r e n t 
n i t r o g e n l e v e l s . 
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T r e a t m e n t s 
P a n i c l e 
l e n g t h 

(cm) 

P a n i c l e 
weight 

(g ) 

T̂  

'V 

T 

T̂  

: No S_. rostrata + no 

nitrogen (control) 

• 5.' rostrata only 

: S. rostrata + 2 5 kg N 

S_. r o s t r a t a + 50kg N 

S_. r o s t r a t a + 75 kg N 

S. r o s t r a t a + 100 kg N 

Normal "o rac t i ce 

(100 kg N /ha ) 

4 -

13 .40 

22.47 

1.22 

1 9 . 9 3 

2 1 . 5 0 

2 2 . 4 3 

2 3 . 2 0 

2 3 . 6 0 

1.57 

1.86 

1.98 

2 .01 

2 . 0 7 

1.S3 

Mean 

S .Em. i 

C D . a t 5 ^ 

21.65 

0.14 

0.43 

1.79 

0.09 

0.27 
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which was on par with that of ^ . r o s t r a t a + 75 kg N' 

per ha (2.01 g ) . These were s igni f icant ly superior to 

the control treatment (1.22 g ) . The panicle weight 

recorded with the treatment receiving _S. r o s t r a t a + 

50 kg N per ha (1.9S g) was on par with the treatment 

^ . r o s t r a t a + 25 kg N per ha (1,86 g) , ^ . r o s t r a t a + 

75 kg N per ha (2.01 g) and with the normal pract ice 

receiving 100 kg N per ha ( l .S3 g ) . Panicle weight 

recorded with the control plot (1.22 g) was s i g n i f i ­

cantly lower than that of the treatnients receiving _S. 

r o s t r a t a alone (1.57 g) and §. r o s t r a t a + 25 kg N per 

ha M.o.-:̂  g ) . 

4.4.4 Thousand pirain weight (g) and spikelet 
s t e r i l i T y ( p e r cent) 

The data on thousand grain weight and spikelet 

s t e r i l i t y of r i ce as influenced by _in_ s i t u incorpora­

t ion of ^ . r o s t r a t a green manure along with dif ferent 

nitrogen levels are presented in Table 13 and depicted 

in Fig. 6. 

Incorporation of _S. r o s t r a t a green manure along 

with different nitrogen levels had non-signif icant 

effect on thousand grain weight, but had s igni f icant 

effect on spilcelet s t e r i l i t y . 
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Table 13. Thousand gra in weigh t (g ) and s p i k e l e t s t e r i l i t y 
(percen tage) of r i c e as influenced by i n s i t u 
incorpora t ion of Sesbania r o s t r a t a green manure 
along with d i f f e r e n t n i t rogen l e v e l s 

Treatments 1000-grain Sp ike le t 
we igh t (g ) s t e r i l i t y ( % ) 

'^ : No S_. r o s t r a t a + no 
n i t rogen ( c o n t r o l ) 

'2 S. r o s t r a t a only 

T : S. r o s t r a t a + 2 5 kg N 

T, : S. r o s t r a t a + 50 kg N 

T̂  : ^ . r o s t r a t a + 75 kg N 

'^c^ ' 1' r o s t r a t a + 100 kg N 

T r,: Normal nr act ice 
7 

(100 kg N/ha) 

29.97 

30.27 

25.43 

30.47 

30.36 

30.30 

30.20 

30.07 

22.32 

21.06 

19.55 

17.55 

17.01 

19.62 

Mean 

S.Em.^^ 

C D . at 5' 

30.23 

0.29 

NS 

20.36 

0.52 

0.99 

NS = Non s i g n i f i c a n t 
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LEGEND 
No Sesbonia rostrota • No nitrogen (CONTROL) 
Sesbanio rostrota Green nnanure only 
Sesbanjo rostrota • 25kg N per ha 
Sesbonfo rostrota • 50kg N per ho 
Sesbonia rostroto • 75kg N per ho 
Ses bo mo rostrota • 100 kg N per ha 
Normal practice {100kg N per ha) 
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FIO.S. THOUSAND GRAIN WEIGHT (g ) AND SPIKELEI STERJLITYC/.) OF 
RICE AS INFLUENCED BY IN SITU INCORPORATION OF Sesbania rostrota 
GREEN MANURE ALONG WITH DIFFERENT NITROGEN LEVELS-
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The thousand grain weight recorded in different 

treatments ranged from 29.97 g to 30.47 g. 

Highest spikelet s t e r i l i t y was recorded with the 

control treatment (25.43 per cen t ) , which was s i g n i f i ­

cant ly d i f ferent from a l l other t reatments . The spike-

l e t s t e r i l i t y recorded with the treatment receiving ^ . 

r o s t r a t a + 50 kg N per ha (19.5 3 per cent) was on par 

with that of normal pract ice (19.62 per c e n t ) . The low­

es t spikelet s t e r i l i t y was recorded with ^ . r o s t r a t a + 

100 kg N per ha (17.01 per cent) closely followed by 

S. r o s t r a t a + 75 kg N per ha (17.55 per cent) and both 

were s ignif icant ly lower than a l l other t reatments . 

4 .5 Nitrogen content in r i c e nlant 

4.5.1 Nitrogen content in r i c e straw (-per cent) 

The data on nitrogen content in r i ce straw as 

influenced by in s i tu incorporation of S. r o s t r a t a 

green manure along with dif ferent nitrogen levels at 

various growth stages are furnished in Table I4 and 

depicted in F ig .7 . 

Incorporation of S. r o s t r a t a green manure along 
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Tat le 14. Nitrogen r^er c e n t in r i c e straw as influenced by 
in s i t u incorpora t ion of ^ . r o s t r a t a green manure 
along with d i f f e r e n t n i t rogen l e v e l s at various 
growth s t ages 

2 

Treatments 30 DAP 60 DAI 90 DAP 

T,, : Normel r r a c t i c e 
(100 Vg NAia) 

Mean 

S,Km.+ 

'^.D. a t 5!̂ ' 

At 
h a r v e s t 

T̂  : No S. r o s t y ^ t a + no . . e S 1.58 1.32 0.44 
n i t rogen ( c o n t r o l ) 

.• r o g t r a t a only 3-09 1.61 I .45 0.55 

T : S. r o s t r a t a + 25 kg N 3.15 I.64 1.52 0.59 

T : ^ . r o s t r a t a + 50 kg N 3.06 1.69 I .60 G.65 

T̂  : S. r o s t r a t a + 75 kg N 3.27 1.77 I.65 0.71 

'̂ 6 • ^ - r o s t r a t a + 100 kg N 3.29 1.78 1.65 O.73 

3.18 1.69 1.59 0.65 

3.13 

0.03 

0.11 

1.68 

0.01 

0.05 

1.54 

0.03 

o.os 

0.62 

0.02 

0,05 
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v/ith different nitrogen levels had s igni f icant effect 

on the nitrogen content of r ice straw at a l l growth 

s t ages . Maximum nitrogen content was recorded in the 

straw at 30 DAP in a l l the t reatments . 

Maximum nitrogen content in r i ce straw was r e ­

corded at 30 DAP, with the treatment receiving ^ , 

r o s t r a t a + 100 kg N per ha (3.29 per cen t ) followed 

Iby ^ ' r o s t r a t a + 75 kg N per ha (3.27 per cent),which 

were s ign i f ican t ly superior to a l l other t reatments . 

The nitrogen content in straw decreased with increase 

in age of the crop. 

At harves t , the highest nitrogen content in the 

straw was recorded with treatment receiving S . ros t ra ta 

+ 100 Teg N per ha ('0.73 per cent ) followed by S . ros t ra ta 

+ 75 kg N per ha (0.71 per cen t ) , which were s ign i f i can t ­

ly higher than tha t of the normal pract ice (0.65 per c e n t ) . 

Nitrogen content recorded with the control (0.44 ) was 

s igni f icant ly lower than that of the treatment rece iv ing 

Ŝ . r o s t r a t a alone (0.55 per c e n t ) . However, the nitrogen 

content in straw recorded with the treatment receiving S. 

r o s t r a t a + 50 kg N per ha (0.65 per cent) was on par with 

t ha t of the normal pract ice (O.65 per c e n t ) . 
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Tj - No gesbonio rostroto • No nitrogen (CONTROL) 
Tj « Swbonio rostrolo Ortrn monur* only 
T3 » Sfsbonio rostroto • 25kg N p»r ho 
T4 s Sesbonio rostroto • 50kg N p*r ha 
T5 : S»sbonio rostroto • 75kg N per ho 
Te = Sfsbonio rostroto • 100kg N per ho 
Ty c Normol proclice (100kg N per ho) 
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T, T2 T3 ^^ T5 Te T7 
TreotnDents 

FIG.7. NITROGEN PERCENT IN RICE STRAW AS INFLUENCED BY ly SHU INCORPORATION 
OF §.rostroto GREEN MANURE ALONG WITH NITROGEN LEVELS AT VARIOUS 
GROWTH STAGES. 
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At 30 DAP and 60 DAT, the maximum nitrogen 

content in straw was recorded with the treatment 

receiving ^. r o s t r a t a + 100 kg N per ha closely 

followed "by ^ . r o s t r a t a + 75 kg N per ha and both 

were s igni f icant ly superior to a l l other t reatments . 

-^.5.? Nitrogen content in r i ce grains (per cent) 

The data on nitrogen content in gra ins of r ice 

as in-fluenced by jji s i tu incorporation of S . ros t ra ta 

green manure along with di f ferent nitrogen levels at 

90 TAP and at harvest are presented in Table 15 and 

depicted in Fig .9 . 

Incorporation of ^ . r o s t r a t a green manure along 

with different nitrogen levels had s igni f icant effect 

on nitrogen content of the grains both at 90 DAP and 

at harves t . 

At harves t , highest nitrogen content in grains 

was obtained with the treatment receiving S . ros t ra ta 

+ 100 kg N per ha( l .49 per cent ) followed by S . ros t ra ta 

+ 75 kg N per h a d . 4 7 per cen t ) , which were s i g n i f i ­

cant ly higher than the control (I . I4 per cent).Nitrogen 

content in gra ins recorded with the treatment receiving 
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Table 15. Nitrogen per cen t in pan ic l e s of r i ce as influenced 
^y i n s i t u inco rpora t ion of § . ro s t ra ta green manure 
along with d i f f e r e n t n i t rogen l e v e l s at 90 DAP and 
at harvest 

Treatment 90 DAI At harvest 

T. : No ^ . r o s t r a t a + no 

n i t rogen ( c o n t r o l ) 

'p 

Ti 

T . 
7 

: S_. r o s t r a t a only 

: Ŝ . r o s t r a t a + 25 kg N 

: S_. r o s t r a t a + 50 kg N 

: S. r o s t r a t a + 75 kg N 

: S. r o s t r a t a + 100 kg N 

: Normal p r a c t i c e 

(100kg N/ha) 

0.94 

1.06 

1.14 

1.01 

1.06 

1.07 

1 .09 

1.11 

1.32 

1.57 

1.42 

1.47 

1.4S 

1.40 

Mean 

CD. at 5^ 

1.05 

0.02 

0.05 

1.37 

0.03 

0.08 
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LEGEND 
No Stsbonlo rostfoto • No nitrogen (CONTROL) 
Swbanio rostroto Gr»»n monur* only 
Stsbonio rostroto • 25kg N per ho 
Sfsbonio rostroto • 50kg N per ha 
gesbonio rostroto • 75kg N per ho 
Sesbonio rostroto • 100kg N per ha 
Normol practice (100kg N per ha) 

T3 ^^ T5 
Treatments 

T3 T4 Ts 
Treatments 

FIG. 8. NITROGEN PERCENT IN PANICLES OF RICE AS INFLUENCED BY INSITU INCORPORATION 

OF S rostrate GREEN MANURE ALONG WITH DIFFERENT NITROGEN LEVELS AT 90 DAP 

AND AT HARVEST 
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S.. r o s t r a t a + 50 kg N per ha (1.42 per cent ) was on 

psu: with that of S. r o s t r a t a + 75 kg N per ha (1.47 

per cent) and the normal pract ice ( l ,40 per c e n t ) . 

At 90 DAP, highest nitrogen in grains was ob­

tained with the treatment receiving ^ . r o s t r a t a + 100 

kg N per ha (1.11 per cent ) followed by _S. r o s t r a t a + 

75 kg N per ha ( l .09 per cent) and ^ . r o s t r a t a + 50 kg 

N per ha ( l .07 ner c en t ) , which were s igni f icant ly 

superior to the control (0.94 per c e n t ) . 

4.6 Nitrogen u-ptake bv r i c e (kg/ha) 

4 .6.1 Nitrogen uptake (kp:Aa) by r ice straw 

The data on nitrogen uptake by r i ce straw as 

influenced by in s i tu incorporation of S. r o s t r a t a 

green manure along with different nitrogen levels at 

various growth stages are furnished in Table 16, 

Incorporation of S. r o s t r a t a green manure along 

with di f ferent nitrofren levels had s igni f icant effect 

on nitrogen uptake by r i c e straw at a l l growth s tages . 

Maximum nitrogen uptake by r i ce straw was 

recorded at 90 BAP and decreased at harves t . At 
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Table 16. Uptake of n i t r ogen (kg/ha) by r i c e straw as i n f l u ­
enced by in s i t u i nco rpora t ion of S. r o s t r a t a green 
manure along with d i f f e r e n t Nitrogen l e v e l s a t 

v a r i o u s grov/th s t a g e s 

At 
Treatments 30 DAI 60 DAI 90 DAP ^ 

h a r v e s t 

h 

^2 

S 
' 4 

^5 

^6 

' 7 

: No S. r o s t r a t a + no 

n i t r ogen ( c o n t r o l ) 

: S. r o s t r a t a only 

: S. r o s t r a t a + 25 ks 

: S. r o s t r a t a + 50 kg 

: S. r o s t r a t a + 75 kg 

: S. r o s t r a t a + 100 kg 

: Normal p r a c t i c e 
(100 kg N/ha) 

Mean 

s.an.+_ 

C D . a t d'f-' 

N 

N 

N 

N 

6.50 

13.60 

18.9S 

25.93 

23.71 

29.83 

24.25 

21.12 

0.75 

2.30 

27.58 

57.02 

44.81 

52.40 

60.93 

62.70 

51.40 

48.12 

1.31 

4.04 

46.05 

60.09 

70.07 

76,28 

87.29 

88.92 

75.48 

72.03 

2.42 

7.44 

14.58 

22.22 

24.27 

27.89 

53.58 

34.70 

27.46 

26.36 

1.02 

3.14 
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90 DAP, majcimum nitrogen uptake was recorded with the 

treatment receiving S. r o s t r a t a + 100 kg N per ha (88.92 

kg/ha) which was on par with that of ^ . r o s t r a t a + 75 kg 

N per ha (87.29 kg/ha) . They were s igni f icant ly higher 

than a l l other t reatments . Nitrogen uptake with the t r e a t 

ments receiving S. r o s t r a t a + 50 kg N per ha (76.28 kg/ha) , 

the normal pract ice (75.43 kg/ha) and the treatment r ece iv ­

ing § . r o s t r a t a + 25 kg N per ha (70.07 kg/ha) , were on par 

and s igni f icant ly higher than the nitrogen uptake with the 

control treatment (46.05 kgAia) and the treatment which 

received ^ . r o s t r a t a alone (60.09 k g A a ) . 

At 30 DAP, 60 DAP and at harvest , maximum nitrogen 

u-ntake was obtained with the treatment receiving S . ros t ra ta 

+ 100 kg F rer ha followed by ^ . r o s t r a t a + 75 kg N per ha 

and S. r o s t r a t a + 50 kg N per ha, which were s igni f icant ly 

superior to the control treatment. 

A .A .2 Nitrogen uptake by r ice grains (kgAia) 

The data on nitrogen uptake by r ice grains as 

influenced by In s i tu incorporation of ^ . r o s t r a t a green 

manure along with dif ferent nitrogen leve ls at 90 DAP 

and at harvest are Dresented in Table 17. 
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Table 17. Uptake of n i t r o g e n (kg/ha) ty r i c e g r a i n s as i n ­
fluenced "by jLn s i t u i nco rpo ra t i on of ^ . rostra-^a 
green manure along with d i f f e r e n t n i t r o g e n l e v e l s 
a t 90 DAI and a t h a r v e s t 

Treatment 90 DAP At h a r v e s t 

T^ : No S_. r o f t r a t a + no 

n i t r ogen ( c o n t r o l ) 

T- : S_. r o s t r a t a only 

T : S. r o s t r a t a + 25 kg N 

§.• r o s t r a t a + 50 kg N 

S_. r o s t r a t a + 75 kg N 

S. r o s t r a t a + 100 kg N 

^Torm^l p r a c t i c e 
(100 kg N/ha) 

T 

w 

2.43 

7.24 

34.33 

4.49 

6.42 

7.79 

S.72 

9.69 

47.25 

55.91 

66.25 

74.16 

75.62 

62.76 

Mean 

S.Eta.i 

C D . a t 5^ 

6.68 

0.39 

1.21 

59.47 

1.45 

4.48 
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Incorporation of S_. r o s t r a t a green manure along 

with di f ferent nitrogen levels had s igni f icant effect 

on nitrop:en uptake hy r i ce grains both at 90 DAP and 

at harves t . 

At harves t , maximum nitrogen uptake was recorded 

with the treatment receiving S. r o s t r a t a + 100 kg N per 

hp f'75.62 kgAia^ followed ty S. r o s t r a t a + 75 kg N per 

ha (7^.16 kgAia), whic^ were s ignif icant ly superior to 

a l l other t reatments. Significantly lower nitrogen uptake 

by r i ce grains was recorded with the control (34.33 kgAia) 

as compared to the treatment, which received S . ros t ra ta 

alone (47.25 kg/ha) . Nitrogen uptake in grains with the 

treatment S, r o s t r a t a + 50 kg N per ha was (66.25 kg/ha} 

on par with tha t of the normal pract ice (62,76 kg/ha) and 

both were superior to the control (34.33 kg/ha) . 

At 90 DAP, highest nitrogen uptake in grains was 

obtained with the treatment receiving ^ . r o s t r a t a + 100 

kg TT per ha (9.69 kg/ha) followed by _S. r o s t r a t a + 75 kg 

N per ha (8.72 kgAia), which were s igni f icant ly higher 

than the control treatment (2.43 kg/ha) . However, the 

nitrogen uptake in grains recorded with the treatment 

r ece iv ing S. r o s t r a t a + 50 kg N per ha (7.73 kgA»a) was 
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on par with that of treatment receiving S. r o s t r a t a + 

75 kg F per ha (9.72 kg/ha) and the normal practice 

(7.24 kg/ha) . 

4 .6 .3 Total uijtake of nitrogen ty r i ce (kgAia) 

Data on to t a l uptake of nitrogen by r i ce as 

influenced by the in s i tu incorporation of S.rostrata 

green manure along v;ith d i f ferent nitrogen levels at 

various growth stages are presented in Table 18 and 

depicted in Fig ,9 . 

Incorporation of S, r o s t r a t a green manure along 

with di f ferent nitrogen levels had s ignificant effect 

on t o t a l uptake of nitrogen by r ice at a l l growth ;stages. 

At harvest , maximum uptake of nitrogen by r ice 

was recorded with the treatment receiving ^ . rostrata+ 

100 kg N per ha (110.32 kg/ha) which was on par with 

tha t of S. r o s t r a t a + 75 kg ?J per ha (107.54 kg/ha) and 

both were s ignif icant ly superior to a l l other treatments, 

The uptake of nitrogen obtained with control treatment 

was 4 3.91 kg per ha, which was s ign i f ican t ly lower than 
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Tatle 19. Total uptake of nitrogen (kg/ba) by rice as influ­
enced by i_n situ incorporation of Sesbania rostrata 
green manure along with different nitrogen levels 
at various growth stages 

Treatment 30 DAP 60 DAI 90 DAP ^ ^^ . 
harves t 

T 1 5 ^^ ^' £^5 i£Ma - no g^3Q ^T.SS 4S.48 48.91 
n i t rogen ( c o n t r o l ) 

Tp : § . r o s t r a t a only 13.60 

T_ : S. r o s t r a t a + 25 kg N 18.98 

T̂  : S. r o s t r a t a + 50 kg N 25.93 

T̂  : S_̂  r o s t r a t a + 75 kg N 2B.71 

Tg : ^ . r o s t r a t a + 100 kg N 29.35 

T^ : Normal p r a c t i c e ^^^^^ ^^ ^^^ 32.72 90.22 
(100 kg }l/ha) 

37.02 

4 4 . 8 1 

5 2 . 4 0 

6 0 . 9 3 

62 .70 

6 4 . 5 8 

7 6 . 4 9 

34 .06 

96 .01 

93 .61 

6 9 . 4 7 

8 0 . 1 8 

94 .14 

107.54 

110.32 

Mean 

S.Bm.+. 

C D . a t 5'^ 

21 .12 

0 .75 

2 . 3 0 

43 .12 

1.31 

4 .04 

7 3 . 7 1 

2 .65 

3 .16 

3 2 . 8 3 

1.82 

5 .62 



LEGEND 
T̂  = No Sesbonio rostrota • No nitrogen (CONTROL) 
T2 = Sesbonio rostrota Green manure only 
T3 - Sesbonio rostrato • 25kg N per ha 
fi : Sesbonio rostrato • 50kg N per ha 
T5 : Sesbanio rostrota • 75kg N per ho 
^e - Sesbonio rostroto • 100kg N per ho 
Ty (• Normal practice (100kg N per ho) 

r* 

So 
V. «0 

— 0 
uj m 

< 0 

8 0 

0 

y 

AT 30 DAP 

— \ 

AT 60 DAP 

/ • 

/ • 

/ 
/ \ 

I • ^ 

Tl T2 T3 T4 Ts T6 T7 T, T2 T3 T4 T5 Tg T7 
Treatments Treatments 

FI6.9, TOTAL UPTAKE OF NITROGEN (Kg/ha) BY RICE AS INFLUENCED BY IM SUU INCORPORATION 

OF Setbonfg rostrota GREEN MANURE ALONG WITH DIFFERENT NITROGEN LEVELS AT 

VARIOUS GROWTH STAGES 
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the t reatment , v/hich received S. r o s t r a t a green manure 

alone (69.47 kg/ha) . However, uptake of nitrogen recorded 

in the treatment receiving S. r o s t r a t a + 50 kg N per ha 

(94.14 kg/ha) was on par with that of the normal practice 

(90.22 kg/ha) hut were s igni f icant ly superior to the 

treatment receiving S. r o s t r a t a only (69.47 kg/ha) . 

At a l l other growth s tages , s ignif icant ly highest 

nitrogen uptake hy r i ce was recorded hy the treatment 

rece iv ing S. ros-^rata + 100 kg N per ha, followed hy 

S.. r o s t r a t a + 75 kg N per ha and S. r o s t r a t a + 50 kg N 

per ha as compared to the con t ro l . 

4.7 Total soil nitrogen (kgAia) 

The data on t o t a l so i l nitrogen as influenced hy 

the In s i tu incorporation of ^ . r o s t r a t a green manure 

along with dif ferent nitrogen leve ls and the i n i t i a l so i l 

t o t a l nitrogen "before sowing S. r o s t r a t a are furnished in 

Table 19 and depicted in Fig.10. 

There was no s igni f icant va r ia t ion in t o t a l s o i l 

ni trogen before sowing ^ . r o s t r a t a green manure crop in 

the experimental p l o t s . Average i n i t i a l so i l t o t a l nitrogen 

was 691.22 kg per ha. 
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Table 19. Total soil nitrogen (kg/ha) before sowing Sesbania 
rostrata and after harvest of rice crop as influenced 
"by jjn situ incorporation of Sesbania rostrata green 
manure along with different nitrogen levels 

Treatment Before 
sowing 

After 
harvest 

T 

T, 

T i . 

: T̂o S_. r o s t r a t a + no 

n i t r o g e n ( c o n t r o l ) 

S_. r o s t r a t a only 

S_. r o s t r a t a + 2 5 kg N 

Ŝ . r o s t r a t a + 50 kg N 

S_. r o s t r a t a + 75 kg N 

S_. r o s t r a t a + 100 kg N 

Normal p r a c t i c e 
(100 kg N/ha) 

693.00 

689.05 

652.26 

692.79 744.71 

690.20 763.57 

693.95 787.72 

688.67 806.77 

690.91 829.90 

707.98 

Mean 

O. r . a t 5̂ ^ 

1.22 

2 . 0 9 

NS 

7 5 6 . 1 3 

2 .92 

8 .98 

NS = Non s i g n i f i c a n t 



LEGEND 
No Sgsbania rostrata • No nitrogen (CONTROL) 
Sesbonio rostrota Green manure only 
Sesbonia rostrata • 25kg N per ha 
Sesbonio rostroto • 50kg N per ho 
Sesbanig rostrata • 75kg N per ha 
Sesbonio rostrata • 100kg N per ho 

o 

O 
O 
<n 
o o 
eo 

8 
^ o 
c <=> 

Is 
.t: in 
— o 
8 S 
— o o o 
^ *" 

o o 
INI 

8 

B Before sowing 
At harvest 

T6 Tl T2 T3 U T5 
Treatments 

FIG.10, TOTAL SOIL NITROGEN (Kg/ho) BEFORE SOWING S rostrata 

AND AFTER HARVEST OF RICE CROP AS INFLUENCED BY 

IN SITU INCORPORATION OF S-rostrata GREEN MANURE ALONG 

WITH DIFFERENT NITROGEN LEVELS-
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Incorporation of S. r o s t r a t a green manure along 

with di f ferent nitrogen leve ls had s igni f icant effect 

on t o t a l so i l nitrogen as observed after the harvest of 

r i ce crop. 

Signif icantly highest t o t a l so i l nitrogen was 

recorded with the treatment receiving S. r o s t r a t a + 

100 kg N per ha (829.90 kg/ha) followed by S . ros t ra ta 

+ 75 kg N per ha (B06.77 kg/ha) as compared to a l l 

other t reatments . The treatment receiving S. r o s t r a t a 

+ 50 kg }^ per ha recorded the t o t a l so i l nitrogen of 

787.7? kg per ha, which was superior to that of normal 

prac t ice (707.98 kg/ha) and the control (652.26 kg/ha) . 

Lowest t o t a l so i l nitrogen was recorded with the 

cont ro l (652.26 kgAia) as compared to the treatment r e ­

ceiving ^ . r o s t r a t a alone (744.71 kg/ha) and S . ros t ra ta 

+ 25 kg N per ha (763.57 kg/ha) and the difference was 

s ign i f i can t . 
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V. DISCUSSION 

Use of green manures has gained importance in 

f e r t i l i z e r use e f f i c i ency of n i t r o g e n in r i c e produc­

t i o n . Due to the high p r i c e s as wel l as low supply 

of f e r t i l i z e r s green manuring needs a new look . Keep­

ing t h i s in view a f i e l d experiment was conducted to 

study t h e e f f ec t of green manure of Sesbania r o s t r a t a 

in conjunct ion with n i t rogen l e v e l s on the growth, 

y i e l d and n i t rogen economy of r i c e dur ing k h a r i f 1990-

91 a t the A g r i c u l t u r a l Research S t a t i o n , Ka tha l age re , 

The r e s u l t s of the experiment presented in t h e previous 

chap t e r a re d iscussed h e r e . 

S.1 Effect on growth and growth-parameters of r i c e 

Incorpora t ion of ^ . r o s t r a t a green manure along 

v/ith d i f f e r e n t n i t r ogen l e v e l s had pronounced e f f ec t on 

the p lan t he igh t of r i c e at a l l growth s t ages (Table 2 ) . 

The t rea tment r e c e i v i n g S. r o s t r a t a green manure a lone 

was d i s t i n c t l y super io r t o the c o n t r o l , which rece ived 

no Ŝ . r o s t r a t a and no n i t rogen in improving the p l an t 

h e i g h t . Nitrogen a p p l i c a t i o n along with S. r o s t r a t a 

green manure increased the p l an t h e i g h t c o n s i d e r a b l y . 

The t r ea tmen t r e c e i v i n g S. r o s t r a t a + 100 kg N per ha , 
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was superior to the normal pract ice receiving 100 kg 

N per ha only in a t ta in ing the increased plant he ight . 

Ea r l i e r invest igat ions of Beri and Ifedlo (1981), 

Rinaudo et. a i . (1982) and Dreyfus e i a l . (1935) ind i ­

cated that §_, r o s t r a t a along with increased levels of 

ni t rogen had favourable influence on the plant he igh t . 

^hew et. a]^. (1973) also reported that green manured so i l 

produced increased plant growth. 

An increase in nitrogen level from 'no n i t rogen ' 

to 100'kg N per ha along with Ŝ . r o s t r a t a increased the 

t o t a l number of t i l l e r s per h i l l from 8,2 to 13.73, 

which resulted in higher biomass yield (Table 3 ) . Incor­

poration of ^ . r o s t r a t a green manure alone had pronounced 

effect in increasing number of t i l l e r s per h i l l by 30.8 

per cent over the con t ro l . Ishizuka (1971 ) found tha t 

higher leve ls of nitrogen gave maximum t i l l e r s per h i l l 

by giving equilibrium between photosynthesis and nitrogen 

concentra t ion. Morris . £ i s l^ (1989), Palaniappan and 

Budhar (1989), Rabindra £ i a l . (1989) and Thangaraju and 

Kannaiyan (1989) opined that green manure incorporation 

increased the t i l l e r number in r i c e . 



Plate 2. plant of Sesbanla restrata with profuse 

nodulatlon on the stem. 
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The differences in dry matter production and 

i t s accumulation into dif ferent plant par ts at various 

growth stages were mainly responsible for the d i f f e r ­

ences in grain and straw yields between the t reatments . 

Increase in the leve l of nitrogen along with S.rostyata 

increased the t o t a l dry matter of di f ferent plant par t s 

(Table 5) at d i f ferent growth s tages . The maximum dry 

matter of 19.76 g per h i l l was recorded with the t r e a t ­

ment receiving S. r o s t r a t a + 100 kg N per ha. Cock and 

Yoshida (1972), Singh £ i a l , (19S8), Halepyati and Sheela-

vantar (l99O'0 also observed the s imilar increase in dry 

matter production with application of ni trogen along with 

green manure. 

The leaf area, which indicates the photosynthetic 

a b i l i t y of the plant depends largely on leaf mass. Leaf 

area index increased with increased level of nitrogen 

along with ^ . r o s t r a t a (Table 4 ) . A steady increase in 

LAI was observed as the age advanced and attained i t s 

peak at 90 DAP and declined at harvest , obviously due to 

senescence. Even at harvest the treatment, which received 

S. r o s t r a t a alone and ^ . r o s t r a t a + 100 kg N per ha have 

exhibited s igni f icant ly higher LAI than the cont ro l and 

normal p rac t i ce , respec t ive ly . The increase in LAI with 
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increased leve ls of nitrogen along with ^ . r o s t r a t a i s 

a t t r ibuted to the increased number of t i l l e r s per h i l l 

and increased size of successive leaves . ]yiurata(1969) 

opined tha t nitrogen increases the LAI or weight of leaf 

blades and t h i s effect was grea tes t before panicle i n i ­

t i a t i o n . Yanagisawa ejt a l . (196?) and Reddy (19S6) ob­

tained higher leaf area with increased leve l of ni t rogen. 

Balasubramaniyan and Palaniappan (19B9) also found a posi­

t ive effect of green manure on LAI of r i c e . 

The leaf area duration (LAD) indicates the photo-

synthet ic potent ia l of the crop. The leaf area duration 

recorded was the highest during 61 to 90 days growth 

period of the crop (Table 9 ) . LAD was highest with the 

treatment receiving S;. r o s t r a t a + 100 kg N per ha and 

s igni f ican t ly more than that of the normal p r s c t i c e . 

Similar ly, LAD'with the treatment receiving S . ros t ra ta 

alone was s igni f icant ly mere than tha t of control r e c e i ­

ving no ^ . r o s t r a t a and no ni t rogen. This focuses that 

incorporation of ^ . r o s t r a t a green manure has a dominat­

ing influence on the LAD both in the presence and absence 

of the chemical ni t rogen. 
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Watson et a l . (1963) opined tha t the formation of 

optimum photosynthetic area and maintaining the leaves 

photosynthetically act ive for longer duration during r e ­

productive phase of the crop were e s sen t i a l for increas­

ing the grain y ie ld . Mandal and Dasmahapatra (1983) also 

opined tha t grain yield and LAD from flowering to maturity 

were pos i t ive ly co r re la t ed . 

5,2 Effect on yield and yield components 

Incorporation of ^ . r o s t r a t a green manure along 

with different nitrogen levels influenced the grain 

yield s ign i f ican t ly (Table 10). S. r o s t r a t a along with 

nitrogen levels at 100 kg N per ha and 75 kg N per ha 

s igni f icant ly increased the grain yield by 16 per cent 

and 1? per cent , respect ively over the normal pract ice 

receiving 100 kg N per ha. The data permit to infer tha t 

applicat ion of S. r o s t r a t a along with 50 kg N per ha r e ­

sulted in the grain yield of 59.73 q per ha equivalent 

to that of the normal pract ice (53.33 qAia). This i nd i ­

ca tes that f i f ty per cent saving in the required quantity 

of f e r t i l i z e r nitro{;.:n for r ice cu l tu re could be achieved 

by the use of S. r o s t r a t a green manure. Similar r e s u l t s 
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were repor ted by Camara and Diara (1936) . This r e s u l t 

i s a l so in c l o s e concordance wi th t h e f ind ings of several 

workers in the usage of o ther green manures in r i c e pro-

f^uction (Tiwari e t a l . , 1930; Deol et. a l . , 1932; Ehind 

e ^ a l . , IPS?; Meelu e t a l . , 1936; I reneo e t a l . , 198?; 

Rablndra et. a l . , 1937; Singh e^ a l . , 1937; Bhagat e t a l . . 

1933, Ramasamy e i a l . , 1933; Pada l i a e t a l . , 1939 and 

Joseph e t a l . , 1991 ) . 

The g ra in y i e ld with the t r ea tmen t r e c e i v i n g ^ . 

r o s t r a t a + 75 kg N per ha (65.55 q /ha) was on par with 

t h a t of the t rea tment r e c e i v i n g ^ . r o s t r a t a + 100 kg K" 

per ha (67.64 k g / h a ) . Thus, _S. r o s t r a t a green manure 

along with 75 kg N per ha i s found to be an optimum com­

bination t o get h igher y ie ld of r i c e . These f indings are 

in c l o s e conformity with those of Rabindra et_ ^ . (1939), 

Ka l idu ra i and Kannaiyyan (1990) and Thakur (1991 ),working 

on S. r o s t r a t a green manure incorpora t ion s t u d i e s in r i c e 

produc t ion . Several workers obtained s i m i l a r high r e s -

•Donse to the combined a p p l i c a t i o n of green manure and 

f e r t i l i z e r n i t rogen (Misra £ t a l . . , 1969; Dargan e± a l , , 

1975; Tiwari e i a l . . , 1930; Khind e i a l . , 1982; BhardwaJ 

and Dev, 1975; Meelu e i a l . , 1936; Morris et a l . , 1986; 

Singh e i a l . , 1983; Morris e i a l . , 1989; Halepyati and 

Shee lavan ta r , 199Cband Pa te l e t a l . , 1990). 
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Incorporation of S. r o s t r a t a green manure alone 

increased the grain yield by about 22 per cent over the 

control in the present inves t iga t ion . This may be due 

to the reason tha t ^ . r o s t r a t a green manure had accumu­

lated 149 kg per ha of ni trogen, which might have inf lu­

enced the r ice yie lds favourably. Dreyfus ejfe. ^ . (1985)f 

Diack (19S6) and Ranvir Singh e i a l . (198S) also reported 

that mere incorporation of S. r o s t r a t a green manure 

doubled the grain yield over the control receiving no 

S. r o s t r a t a . Halepyati and Sheelavantar (1990a) also 

opined tha t incorporation ^ . r o s t r a t a green manure alone 

gave as much grain yield as did the treatment receiving 

100 kg N per ha as urea. 

Higher grain yield obtained with the incorporation 

of ^ . r o s t r a t a green manure along with increased nitrogen 

leve ls might have been due to the adequate supply of nu t r i 

-ents throughout the growth period, because of continuous 

production of ammonia through mineralization and decompo­

s i t ion of green manure in conjunction with inorganic f e r ­

t i l i z e r s . 

Grain yield is a function of yield contr ibut ing 

charac ters such as number of panicles per plant and 

number of grains per panicle (Matasushima, 1976). Incor­

poration of S_. r o s t r a t a along with 100 kg N per ha and 



75 leg N per ha s ignif icant ly increased the number of 

panicles per h i l l (21 per cent and 20 per cent ) and 

nuraher of grains per panicle (12 per cent and 9 per 

cen t ) over the normal pract ice receiving 100 kg N per 

ha. About 28 per cent increased number of panicles per 

h i l l and 20 per cent increased number of grains per 

panicle were obtained by incorporation of S. r o s t r a t a 

alone as compared to the con t ro l . The improvement in 

these yield components due to incorporation of S, 

r o s t r a t a might have resulted in the increased grain 

y ie lds in the treatments receiving _S. r o s t r a t a along 

with di f ferent nitrogen l eve l s . Morris ejt ^ . (1939) 

and Palaniappan and Budhar (1939) indicated tha t there 

was s igni f icant increase in productive t i l l e r s and 
2 

panicles per m of r i ce by the incorporation of ^ , 

r o s t r a t a green manure as observed in the present 

inves t iga t ions . Halepyati and Sheelavantar (1990b) 

also obtained higher number of grains per panicle by 

the use of 5^. r o s t r a t a green manure in r i c e production. 

Higher yield components due to combined application of 

nitrogen and green manure in general have also been 

observed by De Datta et. a l . (1972), Sanchez (1972) and 

Setty et a l . (19B7). 

Grain yield and yield contr ibut ing characters are 

the r e f l ec t ions of panicle length, panicle weight and dry 
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matter accumulation in panic les . Signif icantly higher 

dry matter accumulation in panicles was recorded in 

treatment receiving ^ . r o s t r a t a + 100 kg N per ha^ . 

OtO'.19.g^d S. r o s t r a t a + 75 kg N per ha (10.04 g) over 

the normal prac t ice (3.9^7. g ) . There was decrease In 

dry matter accumulation in panicles per h i l l with lower 

nitrogen levels comtined with ^ , r o s t r a t a green manure. 

This may be due to the lower photosynthetic a b i l i t y of 

plant and lower t ranslocat ion of metabolites from leaf 

and stem during reproductive phase. Green manures pro­

vide adequate plant nu t r ien ts for the development of 

panicle and to have more number of grains per panic le . 

Higher grain yield due to more number of panicles and 

higher panicle weight was in l i nes with the findings of 

Black (1965b), ^e Datta (1981) and Subbaiah et a l . 

(19S3). 

Incorporation of §_, r o s t r a t a green manure along 

with d i f ferent nitrogen levels s igni f icant ly influenced 

the r i c e straw yield and harvest index (Table 10). The 

treatment receiving S. r o s t r a t a alone increased the r i c e 

straw yield by 14.7 per cent over con t ro l . The straw 

yield recorded with the treatment receiving ^ , rostrata-f 

100 kg IT per ha was higher by 10.S per cent than tha t of 
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normal p rac t i ce , which received 100 kg N per ha only. 

The increase in straw yield may he due to the increased 

plant heiffht, more number of t i l l e r s per h i l l and improve­

ment in leaf area and dry matter accumulation. Rajagopalan 

(1967) also opined that plant height and number of t i l l e r s 

per h i l l were the prime characters influencing the straw 

y i e l d . Plants supplied with only f e r t i l i z e r s , recorded 

low plant growth r a t e . This might have resul ted in early 

senescence and quick drying of leaves, which in turn redu­

ced the s ize of the photosynthesising surface consequently 

reduced the t o t a l straw yie ld . These findings are in c lose 

conformity with the work of Halepyati and Sheelavantar 

(1990b), Kalidurai and Zannaiyan (1990) and Thangaraju and 

Kannaiyyan (1990) in respect of _S. rostrata incorporation 

studies in r i c e cu l tu re . Similar r e s u l t s were reported by 

several workers on the usage of different green manure 

crops in r i c e cu l tu re (Lanuza, 1965; Ries e^ a l , , 1976; 

Mandal and Bharati , 1983 and Subbaiah et a l , , 19S3). 

Incorporation of S. r o s t r a t a green manure along 

with d i f ferent nitrogen levels had s igni f icant effect 

on spikelet s t e r i l i t y (per cent) but not on thousand 

grain weight (Table 13). Thousand grain weight was 
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l e s s in the treatments receiving increased nitrogen 

l eve ls along with S. r o s t r a t a . The treatment receiving 

S.. r o s t r a t a + 100 kg N per ha recorded the lower thousand 

grain weight (30.07 g) than that of the treatment receiv­

ing ^ . r o s t r a t a green manure alone (30.47 g ) . The decrease 

in thousand grain weight with increasing nitrogen leve l s 

may be a t t r ibuted to the increased number of grains per 

•panicle, thus decreasing the individual grain size and 

weight. But, in lower levels of ni t rogen, the size of the 

grain is probably larger having lesser number of grains 

per panicle a t t r i bu t i ng to the higher t e s t weight. G-opinaf 

et a l . (19S4) also opined that grain yield had negative 

cor re la t ion with thousand grain weight. 

The spikelet s t e r i l i t y in the treatments receiving 

S, r o s t r a t a + 100 kg N per ha, S. r o s t r a t a + 75 kg N per 

ha, ^ . r o s t r a t a + 50 kg N per ha and S. r o s t r a t a alone was 

l e sse r by S.42 per cent , 7.88 per cent , 5.9 per cent and 

3.11 per cent, respect ively over the control (25.42 per 

c e n t ) . The sn ikele t s t e r i l i t y was less with increase in 

the nitrogen levels along with ^ . r o s t r a t a , which had r e ­

sulted in higher grain yields in these treatments. This i s 

in close conformity with the findings of Halepyati and 

Sheelavantar (1990b). V/ada (1969) observed a close 
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corre la t ion between per cent of grain f i l l i n g and the 

amount of nitrogen in the plant at a l l the stages of 

spiVelet i n i t i a t i o n . Togari and Kashiwakura (1958) 

opined tha t the s t e r i l i t y under lower levels of nitrogen 

and low l i g h t i n t ens i t i e s was caused by the i n i t i a t i o n 

of pol l inat ion tha t resul ted from incomplete dehiscence 

of anthers and abnormal behaviour of the filament at the 

time of flowering bringing about a decreased seed se t t ing 

r a t e at maturi ty. 

5.3 Sffect of nitrogen content in -plant and nitrogen 
untake (kg/ha) 

Results on the concentration of nitrogen in d i f fe ­

rent plant par t s showed tha t the highest concentration of 

nitrogen occurred in straw at early growth stages receiv­

ing 30 VAT (Table 14 ) and gradually decreased at every 

successive growth stages t i l l harvesting s t age . I t can 

be re la ted to the fact tha t with the advancement of age, 

d i lu t ion of t i s sue concentration occurred and thereby de­

creasing the concentration of nitrogen towards harves t . 

Sims and Place (1968) and Dreyfus et a l . (1985) also 

reported that the percentage of nitrogen in the plant 

body was higher in the early stage of growth and decreased 

with increase in the age of the p lan t . The treatment 
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receiving ^ . r o s t r a t a + 100 kg N per ha and ^ . r o s t r a t a 

+ 75 kg N per ha recorded the highest concentration of 

ni t rogen in straw at a l l growth stages and in panicles 

a t harvest as compared to the normal pract ice which r e ­

ceived 100 kg N per ha. The lowest N content was recor­

ded in the control treatment* The higher ni trogen content 

of the plant may increase the metabolic ac t iv i ty of the 

plant leading to a greater accumulation of dry matter and 

consequently increasing the grain y ie ld . Higher the n i t r o ­

gen content in the plant higher i s the photosynthetic r a t e 

as per the findings of Chatterjee and Maiti (19S1). 

Sanchez (1972) also reported tha t paddy yie lds were posi ­

t ive ly correlated with adequate plant nitrogen leve ls at 

t i l l e r i n g stage and panicle primordium phase. 

Signif icantly higher nitrogen uptake was observed 

at harvest with the treatments receiving S. r o s t r a t a + 

100 kg N per ha and S. r o s t r a t a + 75 kg N per ha. The per­

centage increase in the uptake of nitrogen was 22.3 per 

cent in the treatment receiving S. r o s t r a t a + 100 kg N per 

ha and 19.? "ner cent in S. r o s t r a t a + 75 kg N per ha over 

the normal pract ice receiving 100 kg N per ha. With S. 

r o s t r a t a alone the increase in nitrogen uptake was of the 
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order of 42 per cent over con t ro l . This i s most l ike ly 

due to microbial decomposition of the S. r o s t r a t a green 

manure, which was readily decomposed re leas ing more 

nitrogen to the crop. The higher uptake of nitrogen by 

r i c e crop with the incorporation of ^ . r o s t r a t a green 

manure along with increasing levels of ni trogen increased 

the r i ce grain yield s ign i f i can t ly . 

Invest igat ions of Chew et a l . (1978), Tiwari si 

a l . (19B0), Mahapatra et a l . (1937), Rabindra et al* (1937) 

and Halepyati and Sheelavantar (l990a) have corroborated 

with the r e s u l t s of present invest igat ions t h a t incorpo­

ra t ion of green manure along with increased leve ls of 

nitrogen resul ted in higher nitrogen uptake by r i c e and 

higher y i e l d s . Craswell and Vlek (1979) ident i f ied d e n i t r i -

•^Ication, ammonia v o l a t i l i z a t i o n , runoff and leaching as 

po ten t ia l nitrogen loss mechanism. Green manure along with 

added nitrogen must have ensured slow decomposition of 

green manure which matched so i l solution nitrogen concen­

t r a t ion to the nitrogen uptake r a t e s by r i c e at a l l growth 

s tages . 

5.5 Effect of t o t a l so i l nitrogen 

The t o t a l so i l nitrogen af ter harvest indicated tha t 
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the treatment ^ . r o s t r a t a + 100 kg N per ha added higher 

amounts of nitrogen (13°.99 kgAia) followed hy S . ros t ra ta 

+ 75 kg N per ha (118.1 kgA^a) as against the normal prac­

t i c e receiving 10''̂  kg N per ha which added leas t amounts of 

nitrogen (19.95 kg/ha) to the i n i t i a l t o t a l so i l n i t rogen. 

l^ere ire oT-poration of S . ros t ra ta green manure added 51.92 

Vg ^̂  per ha to the i n i t i a l t o t a l so i l nitrogen (Table 19). 

The pijperior performance of the treatments which received 

combined application of green manure S. r o s t r a t a and 

ni trogen may be a t t r ibuted not only to the continuous 

supply of n u t r i e n t s , but also i t s profound influence on 

the chemical and bio logica l processes of s o i l s . Rinaudo 

e t a l . (1933) observed tha t when S. r o s t r a t a green manure 

was incorporated into the s o i l , one-third of the nitrogen 

added by green matter was transferred to the crop and 

two-third of the nitrogen added to the soil* Similar 

r e s u l t s were obtained by Halepyati and Sheelavantar( 1990b) 

working on ^ . r o s t r a t a grain manure for r i c e . 



SUMMARY 



VI. SUMMARY 

A f i e ld experiment was conducted at t h e Agr i ­

c u l t u r a l Research S t a t i o n , Ka tha lagere , dur ing k h a r i f 

1990-91 to study t h e e f f ec t of green manure of Sesbania 

r o s t r a t a in conjunct ion with n i t rogen l e v e l s on t h e 

prowth, y i e ld and n i t r o g e n economy of r i c e . The s a l i e n t 

f e a t u r e s of t he r e s u l t s obtained in the experiment a r e 

summarised below, 

1. There was s i g n i f i c a n t improvement in growth 

parameters l i k e p lan t h e i g h t , number of 

t i l l e r s per h i l l and dry mat ter accumulation 

in p l an t p a r t s due to the in. s i t u incorpora ­

t i o n of ^ . r o s t r a t a green manure a lone as 

compared to the c o n t r o l . The t r ea tmen t s r e ­

c e i v i n g ^ . r o s t r a t a + 75 kg N per ha or S. 

r o s t r a t a + 100 kg N per ha were super io r to 

the normal p r a c t i c e r e c e i v i n g 100 kg N per h a . 

2 . The p h y s i o l o g i c a l parameters l i k e l e a f a rea 

ittdex and lea f area du ra t i on were a l so s i g ­

n i f i c a n t l y influenced by the i nco rpo ra t i on 

of _S. r o s t r a t a . green manure. 
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3. Incorporation of S. r o s t r a t a alone and with 1CX) 

kg N per ha or 75 kg N per ha s igni f icant ly im­

proved the yield parameters l ike number of 

panicles per h i l l , number of grains per panicle 

and panicle weight over the control receiving 

no S. r o s t r a t a and no nitrogen and the normal 

pract ice receiving 100 kg N per ha respec t ive ly . 

4. Incorporation of S. r o s t r a t a green manure alone 

resul ted in an increase in grain yield by 22 

per cent over con t ro l . Incorporation of ^ . 

r o s t r a t a along with 75 kg N per ha increased 

the grain yield by 12.3 per cent over the nor­

mal pract ice receiving 100 kg N per ha, 

5. The grain yield obtained with the treatment 

^ . r o s t r a t a + 50 kg N per ha and the normal 

pract ice receiving 100 kg N per ha were on 

par. Thus, f i f ty per cent nitrogen subs t i tu t ion 

can be achieved by incorporation of S . ros t ra ta 

green manure in r i ce production. 

6. The grain yield obtained with Ŝ . r o s t r a t a + 75 

kg N per ha and S. r o s t r a t a + 100 kg N per ha 
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were on par and were s igni f icant ly more than 

a l l other t reatments. Thus S. rost£ata+75 kg 

N per ha would be an optimum combination to 

get higher yields of r i ce and in effecting 

nitrogen economy. 

7. The effect of §. r o s t r a t a green manure incor­

poration was s igni f icant on the uptake of 

nitrogen at a l l growth stages and influenced 

the nitrogen uptake favourably both In the 

presence and absence of chemical n i t rogen. I t 

also improved the nitrogen s t a tus in the s o i l , 

Tuture l ine of work 

Further research i s needed on the following 

aspects . 

1. To find out the optimum f e r t i l i z e r nitrogen 

and green manure combination to get best 

economic r ice y ie lds in different agro -

ecological s i t ua t i on . 
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2 . To invest igate on the effect of S. r o s t r a t a 

green manure on nu t r i en t ava i lab i l i ty ,wa te r 

re tent ion in the so i l and physical propert ies 

of the s o i l . 

3. To work on f ea s ib i l i t y of growing Seshania 

ro s t r a t a under various r i ce "based cropping 

systems under di f ferent agro-climatic zones. 

4. To study the res idual effects of _S. r o s t r a t a 

green manure on succeeding crops . 
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APPENDIX 



Append i x - 1 . Meteorological da t a i n d i c a t i n g mean monthly 
average of ten yea r s (19BO-19S9) and the 
a c t u a l c rop growth period (1990; at the 
A g r i c u l t u r a l Research S t a t i o n , Katha lagere 

Month 
Total r a i n f a l l . ^ f / ^ " 

(mm) (°C) tern-
Average Actual P ^ ^ J ^ f 

of 10 ^ t u a i 
years (1990) 1990 

(normal) 

Minimum 
(«C) tem­
p e r a t u r e 

Actual 

1990 

Relat ive 
(?t) humi­

di ty 
Actual 

1990 

J a n u a r y 

P e h r u a r y 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

O c t o b e r 

November 

December 

2 .20 

0 .34 

10 .29 

17.77 

32.9B 

90 .65 

9 1 . 1 3 

B2.10 

119.46 

79 .97 

29 .61 

4 . 5 3 

0 . 0 0 

0 .00 

0 . 0 0 

0 . 0 0 

108.00 

68.BO 

5 1 . 1 0 

124 .50 

18 .50 

4 5 . 4 0 

94 .90 

0.00 

3 0 . 6 3 

33 .28 

5 4 . 9 3 

37 .46 

33.94 

28 .34 

2 7 . 1 3 

2 6 . 3 0 

29 .15 

5 0 . 3 3 

2 9 . 4 3 

29 .35 

13.76 

13.S4 

17.39 

21.12 

21.81 

21.43 

20.83 

20.73 

20.55 

20.65 

13.60 

16.08 

64.66 

53.94 

52.99 

55.59 

67.13 

80.10 

31.26 

33 .93 

74.45 

72.65 

76.09 

77.27 

Total annual 
r a i n f a l l 559.98 501.20 

Tlote: * Crop season for the p re sen t study was from July t o 
November 1990 
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