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I, INTRODUCTION

The outstanding value of gress-legume association
rests on the property of the legume to fix nitrogen when
nodulated by appropriate strains of rhizobis. The
nitrogen so fized becomes available to the associated
grass through decay of dead leaves, stems, roots and
nodules of the legume, The more effective the rhizobial
strain the more.dryuweight is produced. Usually land
with low fertility is grown to grasses. The use of
nitrogencus fertilizers is generally not advocated, because
of low economic returns and comperatively high cost of

nitrogen fertiligzers.

Whyte et al. (1953) listed India (undivided,
including Bumma) as a centre, next +to China in importance
for origin of legumes, Norris (1966) contended that
legumes were tropical in origin and he pictured their
spread to temperate and arid regions es an outward migration
from the tropics. This indicated that India has the right
environmental conditlions fcr growing a wide variety of
‘legumes. Yet wvery little effort is made in India %o
exploit this natural advantege t0 augment grass yilelds

through mixed pastures of grass and legume.

Grass-legume association was studied by various

workers for the increased production of fodder using



different combinations of grass and legumes, depending

upon the agroclimatic conditions,

Roberts and Olson (1942) reported that higher
yields could be obtained per unit area of grass in grass-
legume mixtures than in pﬁre 8tand of either grass or
legume. Henzell and Norris (1962) have cited instances
of transfer of N fixed by tropical forage legumes %o
grass in the pasture consisting of Stylosanthes gracilis/

He teropogon contoritus, Pueraria thunbergisna/Melinis

minutiflors and Panicum maximum. Fernando (1961) réported
that the yield of pasture was considerably increased by
legume assoclation consisting of Brachisria brizantha/

Centrosema pubescens as compared to pure grass stands

In India, Singh and Chatterjee (1968a and b) have conducted
experiments during 1962-65 t0 compare herbage production
under frequent and infrequent defoliation with 12 grasses

and one legume (Centroseme pubescens). They have reported

that under both defoliation treatments, total forage yleld

in grass/Centrosenms mixture was more than that in pure grass

stand. Chatterjee et al. (1969) reported that Heteropogon

contortus grown in mixture with legume Stylosenthes humilis,

S.gracilis or Centrosema pubescens yielded more than the

pure grass stand. Whitney and Green (1969a) have carried
out extensive field trials on grass-legume mixtures in
United States of America. They have also compared the

yields of grass grown in association with both inoculated



and uninoculated legumes. In thelr studies, the yield
of Pangole grass (Digiteris decumbens) grown with inocu-

lated legumes Desmodium cenum and D.intortum were higher.

than the yield of grass grown with uninoculated legumes.

Bowen (1956) reported that different legumes like
Glycine max, G.javanica, Pueraria phaseocloides, Centrosema

pubescens, Clitoria ternatea end Indigoféra hirguta
responded well to thé Rhizobium inoculgtion. On the other
hand, Wales (1957) showed that legumes like Phaseolus
lathyroides, Dolichos biflorus, Centrosems pubescens and
Lespedeza gtrieta planted with or without inoculation

nodulated equelly well.

Most of the work in India on grass-legume sssociation
was with applied nitrogen rather than with inoculation of
legumes. Further, there are no gppropriate rhizobigl
inoculants for legumes to0 be grown with essoclated grass.

It was therefore, wished to study the contribution of inocu-~
lated and uninoculated legume nitrogen to0 the aessocisted

grass,

Accurate e:timgtes of nitrogen fixation by legumes
are very difficult under field conditions. The degree of
control of experimental conditions required to arrive at
accurate estimstes is not possible because of nonspecific

fixation of N, N losses through leaching and denitrification,etc.



At best, approxihate values of N contribution from
legume to éssociated grass can be assessed indirectly
by determining the N in grass tops in cutting experi-
ments, This method is attempted in these studies.-
Here pure grass ploi and unincculated legume/grass plot
would indicate approximately the amount of so0il N taken
up by the grass end the eéxtent of symbiotic N fixed by
naturallj nodulated'legume and transferred to the grass,
réSpectively and the difference between the sum of these
two ﬂ values and the total N of the grass grown in asso-
ciation wifh inoculated 1egumé would give the N fixation

" due 10 inoculation.
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II. REVIEW OF LITERATURE

l. General

Graham (1951) has studlied the various graas-legume‘
associations in pasture for beef production, viz. Panicum
maximum var, golorstum / Centroseme pubescens, Melinis
minutiflora / Calogogohium muconoides,<g.max1mum /
Stylosanthes guisnengsis. and ﬂ.minutiflora / Pueraris
phaseoloides éombinatiohs end recommended them for general
cultivation. Pyne (1955) reported that the Panicum

mgximum / Centrosema pubescens association gave the most

promising result,

In g grass-legume associationAstudy, it was found
that the most productive legumes were Pueraria phaseoloides,

Centrosems pubescens, Indigofera subulata, I.endecaphylla,

Calopogonium muconoides and Dolichos hogsii, whereas the

best grass-legume mixture was Brachiaria mutica/ Centrosema

pubescens (Anonymous, 1956). Patil (1956) used various
.grass-legume mixturea vig. Alysicarpus rugosus, Indigofere

1andﬁlosa, Desmodium gpcinatum} D.nlcaraguense, Centrosena

pubescens, Calopog ;mium muconoides, Pueraria thunbergisna,

E. hageoloideg, Glyeine javanica, Desmenthus yirgatus and
- Leucaena glauca on the grass lanQB'of Bombay State and .

recomuended them for'cultivation glong with grasses,

Neme and Soja (1958) found that Glycine javanics, a

perennial creeping species could be grown for fodder either



alone or mixed with grasses. Walsh (1958) has reported

that the legumes like Glxcine javenica, Centrosems pubescens,

Pueraris phaseoloides, Calopogonium muconoides and Stylosanthes

grocilis tended to do best when used in association with tall
growing vigorous grasses on which they could climb. Andrade
2% g1. (1970) have showed thet in South America it was pre-

ferable to grow Calopogonium muconoides in association with

grasses.

2., Stugies on the noduletion of forage legumes

Samuels and Landrau (195%a), studied the effeect of

ammenium sulphate and borax on nodulation in Pueraria phaseo-

loides, Ammonium sulphate application at 250 1b per acre had
~an adverse effect on nodulation which was improved to some
extent by liming. VWhereas, Borax application at 30 1b per

acre had no congsistent effeet on nodulation.

Bowen (1956) has reported that different legumes like

Glycine max, G.Javanica, Pueresris phaseoloides, Centrosema

pubescens, Clitoria ternatea and Indigofera hirsute responded

well to the Rhizobium inoculastion, whereas Vigna ginensis,

Phaseolus lsthyroides and Stylosanthes gracilis were adequately

nodulated by the native strains of Rhizobium.

wales (1957) showed that when legumes like Phaseolus

lathyroides, Dolichos biflorus, Centrosema pubescens and -

Lespedeza striata planted with or without inoculation,
nodglated egually well.



Bowen (1958) reported that Centrosema pubescens showed

a considerable degree of specificity in nodule formation.
Netive rhizobia were consistently found to be effective in

nodulation. Bowen (1959a and b) reported that the Rhizobium

Strelns were specific {0 Cenirosems pubescens and C.plumieri,
There was a highly significant correlation between weight of
the nodule per plant and weight of the above ground parts.
The nodulation and nodule senescence were governed more by

vegetative growth rather than by flower preduction,

DE franca and DE Carvalho (1970) studying the effect of
nutritional deficiency on the development of legumes like
Glycine javanice var. comum, G.jovanica var. tinaroo,

Haeroptilium gstropurpureus, Puereria javanica and Centrosema

gubescené on a red-latosol called "fase cerrado" found that
thé'extensive phbsphoius deficiency in this soil decreased
the nodule weight. Omission of liming caused a decrease

in production of ineffective nodules, especially in Fueraris

phaseoloides end Centrosems pubescens.

3. Qross-inoeulation Studies

Allen end Allen (1939) reported that 54 strains of
nodule bacteria isolated from 28 different leguminous plants
(including forage legumes) growing in Hawaii were tested for
infectivity on 20 members of the cowpea group. Ten test

plants were mnodulated by all 24 strains and only 13 strains



infected all test plants.' Plents of the cowpea group
furnished nodule bacteria that varied in infectiveness and
effectiveness more thaﬁ did becteria of other ecross—inocecuvla-~

tion groups.

Galli (1958) while studying the eross-incculation of
the twenty-three rhizcbial strains from 13 legﬁme gpecies
concluded that (a) there wereAdifferences between the morpho-
logicel characteristics of the nodules of some forage legume

gpecies (b) GCelopogoninm muconoides, Centrosems pubescens,

Desmodium adscendens, D.discolor, Indigofera mucronats,

L.subulata,,ﬁ.sumatrana, Stylosanthes guiasnensis, Tephrosia

candida and Tersmnus uncinatus belonged to the cowpea group

(¢) Vicia obscura belonged to the pea group and (d) Leucsena

glauca and Cratz}i floribun@a belonged to other eross-—
inoculation groups to which no other species belonged.
Oblisami and Rangaswami (1972) reported that a forage legume,
Glitoria ternates was nodulated well by the rhizobia from the
ﬁlants belonging t0 cowpea and sOybean croés-inoculaticn
groups end yice-versa, and was not nodulated by the rhizobia
from alfalfa, clover, bean and pea cross-inoculation groups

and vicegversa.

4, Effect of grass-legume association on forage yield

Effect of grass-legume assoclstion on the fodder yield

hes been studied by various workers. Roberts and Olson (1942)



reported that in several grass-legume mixtures he obtained
higher yield per unit area of soil than the pure stand of
either grass or legume per half of unit area on dry weight

basis.

~Vincente-Chandler g§,§1~(1953) reported that when

herbage was cut et 10 inches height it produced higher yield
as compared t0 that cut at 4 inches height and the yield was
even throughout the year. The grass yleld was hiéher due

t0 utiligation of nitrogen fixed by the legumes over a short
period of time and it was, found proportional to the growth

of the legumes.‘ Samﬁels.and Landrau (195%b) reported that
when Puersris phaseololides grown in assoéiaetion with Pennisetum

purpureum var., merkerii produced the highest yield in response
t0 potasgium applicstion at the rate of 300 1b per acre, .-
Bumpus (1958) has studied 4 legumes namely Trifolium semipilosum,

T,repens, T.rueppellienum, Glycine jevenice in combination with

Nozia Rhodes grass (Chloris gayana). The grass-legume mixtures
- yielded no more in the establishment year (1956-57) than the
pure gress stand, but in the second and third years the mixtures

which included. T.semipilosum, T.repens yielded significantly

more than the pure grass stand. Among grass-legume assodia-,
tions, Lablab purpureus / Chloris gayana gave higher yield
than other grass-legume mixtures.

Lotero (1960) reported that the grass Panicum purpurascens
in essociation with Stylobium deeringisnum, Cajanus cajan,
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Lablab purpureus or Pueraris phaseoloides yielded 2580,
3%60, 2280, 2930 kg/ha (average of nine cuttings during

two years),respectively. However, S.deeringianum and

Lablab purpureus were non-persistent after five cuttings.
Walker (1960) showed that application of nitrogen generally
produced higher yield on grass land than the nitrogen fixed
by legumes. However, in properly esteblished and managed
sward,legumes-greatly incieased herbage production in absence
of Nefertilizer. Allen and Cowdry (1961) studied different

gress-legume assoclations for yield. Paragrass/centro

(Beaghieria mutica/Centrosema pubescens) yielded 0.65 to
1,1 tons, Rhodes grass/stylo (Chloris gayana / Stylosanthes

gracilis) yielded 0.5 to 0.9 tons, Guinea grass / stylo
(Panicum maximum / Stylosanthes gracilis) 0.55 to 0.85 tons

and Guinea grass / Centro (B,maximum / Centrosema pubescens)
yielded 0.4 to 0.75 tons/acre. The pasture was productive
at the above rate for ten years. Andrew and Norris (1961)

reported that tropical legumes like Desmodium uneingtum,

Indigofera spicata, Centrosema pubescens, Siylosanthes bojeri

and Phaseolus lathyroides did not show eny deficiency symptoms
and fheir yields were 25 t0 68 per cent higher than the
=temperate legumes., Whereas, temparate legumes showed visual
symptoms of calcium deficiency aﬁd untfeated plants yielded
0.2 to 6.5 per cent less than the maxima. Doll et al. (1961)
.showed that the grass~legume association was superior to

N~fertilizer applicsation. Grass-legume assoclation increased
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fodder yleld for longer time than N-fertilizer application,
Inﬂpasture,'where gress was a pure crop, N-fertilizer
application was found most essential as compared to grass-
legume essociation. Pernmando (1961) reported that the
yield of pasture was considerably increased by 1egﬁme asgo-
ciation consisting of Brachiasris brizantha / Centrosems

- pubescens when compared to pure grass stand.

Hunt and Wagner (1963) showed that height of cutting,
frequency ané date of first cutting had a marked influence
on the grass yield. They preferred 2 inches cutting and
longer interval between cuttings which increased the clover-
grasgs yield. Less frequent cutting at a @elayed first
cutting date maintained good ylelds of smooth brome grass

(Bromus inermis).

Anlawat et al. (1964) reported that, among pure sown

crops on well drained light sendy soil, bajra (Pennisetum
typhoideum) and Sudan grass (Sorghum sudsnensis) out-yielded

jowar (Androposon gorghum) and two legumes namely, Cyamopsis

psoralioides and Vigna gatlang in grass-legume mixtures were
consistenfly better than pure sown grasses. Volf and Smith
(1964) studied nine gress-legume mixtures consisting of
Medicago gativa, Lotus corniculatug, Trifolium repens with

Bromus inermis, Dactylis glomerata or Pbleum pratense.

Those containing Mediceso sativa / Dactylis glomerata yielded

‘the best.,  Moore (1965) studied the gress-legume association
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of Cynodon plectostachyus and Centrosema pubescens.

Yield response of 17 and 24 per cent resulted in the
first cutting from 50 and 100 1b N per acre respectively
end cutting at 2 to 4 inches at 8 weekly intervals produced

about 2% tons of dry matter per acre.

De Wit et gl. (1966) reported that Panicum maximum

and Glycine javanica grown together in pots containing

N-poor sandy soil appeared t0 be mutually exclusive in
sbsence of Rhizobium, Horrell and NewHouse (1966) reported
that on soll of low fertility and of pH 5.5 0 6.5, in a

grezing trial, unfertilized grass-~legume pasture containing

Stylosanthes gracilis end Centrosema pubesgens gave yields

equal to those pasture receiving 150 1b N per acre.

Morrison (1966) conducted an experiﬁent to compare the
productivity of cooksfoot, cooksfoot swards with fertilizer
N, and swards containing subterranean and Louisiana white
clover on a red eclay loam soil, Louielans white clover
yielded grass without fertilizer N in both years. In the
second yeer cooksfoot/Louisiena white clover-sward gave a
dry netter production equivalent to grass receiving 250 1b K

per acre. ' Whitney (1966) studied Desmodium intortum,

+ D.canum and Centrosema pubescens grown alone and in combina-

tion with Pennisetum purpureun and Digitaria degumbens on
volcanic soil.  D.intortum / grass yielded about 1700 1b

dry meatter per acre., Cént;osema pubescens in pure stand

gave intermediate dry matter yields.
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Bleak (1968) reported that herbage productioﬁ was
increased by an average of 144 lb/acre by sowing crus ted
wheat grass/lueerne. Scateni (1968) reported that a range
- of mixture of legumes including Glycine javenice cv. CPI
25702, tinerco and CPI 16830, Mecroptilium atropurpureus

cv. giratro and lucerne cv. Hunter-River snd Hairy Peruvian

and of green panic (Panicﬁm maximum var. trichoglume) were

compared under infrequent cutting with various rates of N
during 1962-63. Iry matter yield respomse to fertilizer N
in the pure grass swards was linear. It was concluded that
in the environment of these trials, legumes should be regarded
primerily as protein rich herbege. Singh gt gl. (1968)
while studying grass-legume gssociations of Pennisetum |

polystachyon with legumes like Stylosanthes gracilis,
Centrosema pubescens, Clitoris ternates, Atylosia scarabscoides
W _-—-—_--——-——— L = ]

and Calopogonium muconoides reported that pure grass stend
gave aversge yields of 63.9 to 97.7 kg/ha in unfertilized
plots, Z.polystachyon gr0wﬁ in mixture with S.gracilis
or C.pubescens, but without fertilizer gave average ylelds
of 64.5 and 92.3 kg/ha, éespectively. In the second year,

the grass/centro mixture yielded more than pure grass.

Chatterjee et al. (1969) reported that Heteropogon
contortus / tEIOSanthes humilis mixture gave sverage yields
of 19.5 tons herbage per hectare as compared with 15.6 tons/ha.
for H,contortus alone. Other mixtures gave lesser ylelds
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than pure grass stand. Stobbs (1969a and b) noted that
apblication of superphosphate to a prérrhenia rufa /
Centrosema pubescens produced marked benefit in herbvage

production and he algo concluded that grass~legume swards
significantly yilelded higher herbage. Whiteman (1969)

tested four legumes (Glycine javeniga, Macroptilium

altropurpureus ¢v. siratro, Desmodium uncinstum and Lotononis

bainesii) with Hhodes grass. In all respects, the differ-
ences between the gpecies were minor, although Glycine
devanica showed slightly better persistence in all treatments.
| Walker (1969) noted that five forage legumes tested in grasa-
legume mixtures increased yields, mainly due to additional
vield from the legumes, Highest yields were oObtained from
nixtures with Maeroptilium atropurpureus or Stylosanthes

guisnengis and lowest yield was from Glycine Jjavenice mixtures,

Whitney and Green (1969a) have carried out extensive field
trials on grass-lagume mixtures. They have also compared
the yields of grass grown in association with inccu;axed and
uninoculated. legumes., In thelr studies, the ylelds of

- pangola grass (Digitaris deéumhena) grown with and without
inoculated Desmodium cenum were 7510 kg/he and 6840 kg/ha,

regpectively.

Kretschmer (1970) estimated the production of dry

matter yields in seven legumes (Macroptilium atropurpureus

var. g8iratro, Centrosema pubescens, Glveine javanica,
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Stylosanthes humilis, Phaseolus lathyroides, Alysicarpus
vaginglis and Desmodium sandwicense) with pangola grass,

Among' legumes tried, M.gtropurpureus yielded the highest
(11,610 kg/he/yr), while D,sendwicense yielded the lowest

(7380 kg/ha/yf). However, grass alone yielded 5240 kg/
ha/year..' IE franca end DE Carvalho (1970) studied the
nutrient deficiency of a soil from a "Cerrado" erea on
five tropical legumes, namely Glxcine avanice var. gomum,

G.Jjavanica var. tinaroco, Pueraris javanica, Mgcroptilium

atropurpureus and Centrosema pubescens and noted that the

large phosphorus deficiency decreased dry matter yields
of all legumes, .

5. Nitrogen fiiation by legume component and Nitrogen
transfer to the associated grass in grass-leggme
association

Nitrogen fixation and nitrogen transfer to the
assoclated grase have heen studied .by various workers.
The nitrogen content and nitrogen fixation and trapsfer
‘varied with type of grass-legume associgtion. Roberts
and Olson' (1942) reported that greater yields of nitrogen
were obtained from mixtures on anit area of soil than
from pure stands éf grass or legume. Largest gains

&ue +0 association Occurred when a legume with a

-yigoroué growth habit was associated with grass with

. UNTVIRSITY O AGACU ML SCERGES
B e BF STy L LA
“Th-i .35 DN DI04, |
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~weak growth habits. Gains in total N were believed
t0 have resulied from‘spreading of plants with vigorous

‘growth habits over a greater soil erea.

b

Jackobs (1952).showed that when a mixture wes
predominantl& legume (lucerne-grass combination) there
was only a slight yield response t0 N applied as NH4N0 ’
but with Ladinoclover-grass cgmhinatibns there was a
marked response. to nﬁfrogen. Vincente-Chandler et al.
(1953) reported that in a study to estimate the effect of
two heights of cutting on the Pueraris phaseoloides /

Melinis minutiflors mixture, grass yields were not

depressed by this inerease in growth of Pueraris phase o=

loides. It was assumed that the grass obtained N from

the Pueraria phassoloides over short periods of time and

more or less in proportion to the growth of the legume.

Moore (1960) reported the comparison made of soil XN

under a five years old grazed stand of Cynodon plectogta-

chyus end a stand of C.plectostachyus / Centrosema pubescens.

There were 2600 1b N/acre ( to a depth of 1 f£oot) in the
soll under the mixture. and 2040 1b N/acre in the pure
grass stand. On an averagé on annual basis, the Centrosemg

pubesceng fixed 112 1b N/acre.
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Doll et 2l.(1961) indicated that N fertilizing
of.grass-legume pastures is inadvisable when total yields
and legume content of the mixture are considered. Total
uptake of N was closely correlated with yields. Fernando
(1961) reported that the yield of pasture herbage was
greatly increased by the inclusion of legume. Nitrogen
top-dréssings gave Increased yields of dry matter in the
first cut following the application of nitrogen but in
the subsequent cuts the éffect of nitrogen was virtually
lost. Moore (1962) reported about inclusion of Centrosema
pubescens in a Cynodon plectostachyus pasture., Under the
pesture containing legume, total N and nitrifiable ¥ in
the underlying soil was significantly increessed. N content
was (250 1b per acre per year) higher than that under the
pure grass stand. N content of grass was raised from

1.8 to0 2.4 per cent.

Bruce (1965) reported thet over 16 year period,
Centrosems pubescens added 92.00 1b N per acre ( 6 inches
of soil) per annum. Morrison (1966) from Kenya reported
that N traensfer to cooksfooi grass from subterranean
clover was equivalent to 250 1b N per mcre. Fixation of
200-300 1bs nitrogen per acre per year was possible at
high altitude. Whi%nej (1966) ineluded - three legumes ./

(Qesmogium intortum, D.cehum and Centrosems pubescens )
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with two graesses (Pennisetum purpureum and Digitaria
decuﬁbena) t0 study the smount of N fixation by legumes
and the amount of N transferred to grasses grown in
agsociation, Total nitrogen fixation during the trial
was 340 1b per ascre for D.intortum, 82 1b per acre for
D.canum and 156 1b per acre for Centrosema pubescens.
Pransfer of N to grass was ebout 5 per cent‘for D.intortum

and upto 11 per cent for C.pubescens.

Birch and Dougall (1967) reported that percentage

of N in graSs.(Panigum Qurpureum, Iripsacum lgxum and

Panicum maximum) was significantly increased when they

were grown in association with a legume, Desmodium
uncinatum, Jones et al. (1967) in their studies included

11 legumes, grown individually with Paspglum plicatulum

Mich cv. hartley, The best legume treatment gave a N

yield equiva;ent to that from grass fertilized with 170 1b

N per acre per year, as urea. _N tranasfer 0 the assoclated
grass increased with time and was greater for the Macroptilium

atropurpureus and Lotononis bainesii. Oke (1967 a and b)

reported that among' the seversl Nigerian legumes tried for

N fixing capecity, Cajanus cajan, Centrosema pubescens,

Stylosanthes gracilis, Celopogonium muconoides and .

Pueraria spp. fixed 14.5, 10.3, 4.6, 3.8 and 9.3 mg of N
per day pér plant, respectively. Whitney et al. (1967)



19

observed N fixetion of 85 1lb per acre by Desmodium canum

but no N trensfer to grasses, whereas Cenitrosema pubescens

fixed 240 1b N per acre in pure stand and 110 1b of N
per acre whén'grown with grasses. In the latter, N

transfer ranged from 6 to 1l per cent. Desmodium intortum

fixed 340 1b X per acre and transfer noted was about 5
per cent. Whereas, Whitney and Kanchiro (1967) observed
in pot culture studies, the éignifiean% transfer of N
from the more vigorous legumes t0 the grasses, especlally

after cutting back.

Singh et gl. (1968) estimated the N transfer from
legume t0 the grass at 32 and 74 kg of N ﬁer hectare,

respectively in the mixtures of Pennisetum polystachyon/

Stylosanthes gracilis and 2.polystachyon/Cent;osema pubescens.

Simpson (1968) reported that the three legumes used per-
formed quite differently. Subterraneasn clover did not
release any nitrogen until senescence and then produced

a rapid transference, while the white clover was competitive
for nitrogen until the asutumn-winter was'rapid. However,
lucerne released nitrcéen gradually over the whole

experimental period.l

Birch (1969) reported +the 'significant effect of

Degmodium uncinatum in increasing N percentages in asso-

cisted Napier gress (Pennisetum purpureum), Guatemala
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graés QTrigsacum laxum) and Guinea grass (Panicum meximum)
following their first cutting.

Kretschmer (1970) estimaféd the nitrogen yields of

several +tropical legumes in association with pangola

gress. Association of grass with Centrosems pubescens

and Glycine javanica fixed 150 and 134 kg N per hectare
per year, respectiﬁely. Bewg et al. (1970) reported
that the Néeontent of the pasture dry matter dQecreased
from 2 per cent iﬁ sumner t0 1 per cent in winter when the

grass was grown in association with Glyciﬁa wightii,

Degmodium intortum, D.uncinatum and Mgeroptilium stro-

purpureus ecv. giratro. oD et al. (1971) reported that
the nitrogen fixation in Centrosema pubescens and Stylo-

santhes gracilis was maximum at pH value of about 6.

6. Crude Protein Production

Many workers have reported on the crude proiein

production in the grass-legume asgocistions,

Mulger (1949) reported that application of small
amounts of N (20 to 40 kg/ha) generally decreased the
protein bontent of herbage due to0 the depression of clovers.
Large dressings of N (80 to é40 kg/ha) increased the
protein content considerably, especially when the grass

was cut young.
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Vincente-Chandler et al. (1953) estimated the protein

content of the Puerarim phaseoloides / Melinis minutiflora,
and noted that high cutting (10 inches) favoured the Puersria
phaseoloides and resulted in g higher yield of protein, and
also within yield period the associated molesses grass in-

creased in protein content. Iandrau et al.(1953) reported

" that ?ueraria phaseoloides showed increased protein content
with increased nitrogen, principelly in the first cutting,

when grown in different clay soils,

Vashke and Pennington (1956) reported that the protein
content of grasses in 1egume-assdciations was slightly higher

than the grasses in pure stands recelving nitrogen.

Fernando (1961) reported that the yield of herbage was
greatly incréased by the inclusion of o legume. A significant
increase in crude protein was noted due to the presence of

legumes in all the three harvests. (Centrosema pubescens

elmogt  inverisbly gave higher contente of crude protein than

other legumes.

Vazquéz (1965) estimated the protein content in Guinea
grass and péragiass growh alone and in mixture with Pueraria
pgaseoloidés.' Crude protein content was about equal in pure
gross stand and in their mixtures with Puerarie phaseoloides.
The application of 400 1b N per acre increased the crude
protein content by ebout 2 per cent and 800 1b nitrogen per acre

inereased it by e further 2 per ‘cent._
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Ho;rell and NewHouse (1966) reported that grass-

legume g59wn in pasture containing Stylosanthes gracilis

axd Centgyéema pubescens gave yiel@s equal to those from

pasture receiving 150 1b N per acre and gave higher

yieldé af crude protein than the latter. Kynevr (1966)

reported’ §g$~4ﬁ€ presence Of Glycine Javenica generally

inereaééd he protéin content of the grass component,
A ) R
Morrison (1566) rnpor+ed that inelusion of clover (Cooks-

. p@—ct/Lousiana w@ite clover) improved the ecrude protein
. \ 5
gontent,of\the assg clatec grass.

/
/// Singh et/hr**’1068QJ~\3ﬂ?ingh an\\\Ba¢$§££iiw(l9683 .
and b) reported that~wheﬂ Pennlsetum-polvstach as grown

in aSSOGiatlon with Suvlosanthes gracills or Centrosema

\

\

Qubescens with 80 kg N %er nectare, the averggﬁ\protein yieIa.h\

of P polystachyon was 1056 8 kg pFr hectare as compargg\to

729.2 kg for P.Eolxstacéxon/s. ra ilis mixture and 1210.9 kg
|- §
for P polystachvon/c.pubescens mi}ture. When cut frequently,

the grass,’Gentrosema gubescens mixture yielded 347 kg protein

per hectare. Pure graﬁs yieldeaJ189 kg per hectare. Grass
grown alone receiving 44 kg N per hectare yielded 383 kg
protein per hectare. Chatterjee et 21.(1969) reported that

HeterOQOgon.contg;tus/Stxlosénthes graeilié nixture gave the
highest crude protein yield of 535 kg(on}dry natter basis) per-
hectare, followed by E.contortuSAﬁ.graciiis mixture with 435 kg

per hectare and H,contortus alone with 342-kg per hectare.

A



23

James et al. (1969) noted the influence of legume associa-
tion and nitrogen fertilization on crude protein content
of 11 grasses. Seasongl effects, nitrogen sources and
différences in kinds of grasses were highly significant in
affecting the crude protein content of the forage. Walker

(1969) reported that crude protein yields from Macroptilium

atropurpureus or Stylosanthes guisnensis mixtures were much

higher than those from the nitrochalk treatment (4.5 cwi/acre),
Whitney and Graen (19692 and b) observed that the percentage
of crﬁde protein fluectuated with scason, highest being during
the cooler months. Crggevprotein levels were ‘influenced

only alightly by low rates of fertilization but were raised

by the higher XN rates.

Kretschmer (1970) reported that smong eight legumes

Centroseme pubescens and Glyeine Jevenica yielded 9.9 and

8.9 per cent crude protein, respectively, whereas Pangola
gréss alone yiel&ed 6.0 per cent: Pebles and Padilla (1970)
estimated that the erude protein content of Puerarie phaseo-
loides end Cajanus gajan (incculated with Fhizobium) in

urea éprayed treatment was increased by 15 per cent. Reid
{(1970) noted that response of crude protein yield for ¥
applicatien (0 to 60C to 700 1lb N per acre) was linesr, but

* - inclusion of clover inefeased the crude protein yields at

low B rate8¢'
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7. Phosphorus content

Many workers have reported on the phosphorus content
and response to applied phosphorus in different gress-legume

"associations.

Salgues (1938) studied the behaviour of different
annual and perenniasl grasses. Grasses on calcaréous soil
contained more phosphorus than 1egumes, Perennial grasses

contained more phosphorus then annuals,

Jackobs (1952) noted thet when a mixture consisted
ﬁredominantly of a legume, there wes marked response to
P205 application as triple superphosphate. When grass was

predominant, there was much smaller response to P The

205.
magnitude of the responses of lucerne/grass combinations

to P205 varied with the grass component.

Landreu et sl. (1953) studied the behaviour of Pueraria
.pheseoloides on different elay soils and reported thaf appli-
cation of phosphorus to cley soils was ineffective on P.

phaseoloides. Vincent-Chandler et gl.(1953) reported that

high cutting to 10 inches favoured phosphorus utilisation

of Pueraris phaseoloides and high yields of low cut ( 4 inches)
required phosphorus applications. The beneficial effects

of phosphorué and potash treatments were largely through the

. influence of these nutrients on this legume.
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Moore (1962) reported that there were no significant
differences in phosphorus content of the grass due to its
agsociation with the legume (Centroseme pubescens/Cynodon
Dblectostachyus).

Caro-Costas and Vincente-Chandler (1963) reported
that application of phosphorus did not affect yields or

specles balance, but increased the phosphorus content from

0.12 to 0,15 per cent in Puerarie phaseoloides and 0.11 to
0.17 per cent in Melinis minutiflore. ' |

Grof (1966) reported that on various cley soils of
the coastel plalns Pueraria phaseoloides showed greater
vigour and greater response to applied phosphorus than

Stylosenthes gracilis did. In the field, e mixed sward of

Penicun maximum / Pueraria phesecloides/ Centrosema pubescens

showed significant'phosphorus response.

Stobbs (19692) noted that application of single sﬁper-
phosphate to a Hypesrrhenie rufa / Centroseme pubescens swards

produced a merked benefit to herbage production. HMean
" phosphorus content in soil was significantly higher under

pasture receiving single superphosphate.
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ihe following forege legumes were selected for
the present study. Dharwer hybrid-2 (DH-2) was selected

as the gssociated grass.

1. Calopogonium muconoides Desv.

2. Centrosems pubescens Benth,
3. Dolichos biflorus Linn.

4. Glycine javanica Linnm,

5. Lebleb purpureus (Linn.)Sweet

6. Mimosa inviga Mart.

7. Puerarie phageoloides Benth.

Tne forage legume seeds were sown in cement pots
(45 x 30'x 28,5 em) containing Hebbel sandy loam soil
mixed with approximately 4 kg of farﬁ yard manure per pot.
After 6 to 7 weeks of growth, legumes were well established.
Then, the legumes were uprooted and used for the isolation
of Hhizobium strains, After washing the roots carefully
in running tep water, well formed, healthy, pinkish nodules
on the taﬁ root were detached and placedlin e test tube.
These nodules were surface sterilized for one minute by
momentery treatment wit alcochol and treated with mercuric
chloride (0.1 per cent). Then they were washed thoroughly

with ten changes of sterile water.

Sterilized nodules were placed in test tube with a few
drops of sterile’distilled water at the rate of one nodule
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per tube. Nodules were crushed using a flamed glass rod,
One loogp-ful of the expunged fluid from the nodules was
plated in two or three dilutions using Yeast Extrsct Mannitol
égar. The ﬁlates were incubated at 28°C for one week and.
well isclated colonies suspected to bethizobium were picked

and sub-cultured onto Yeast Extract Mamnitol agar sloges.

Characterization of the Root Nodule Bacteria

Morphological characters: The bacterial isolates from

the ro0o}% nodules of forage legumes were examined microscopi-
cally for the cell shape and size andbgram reaction as per
the procedure given in the Manual 5f Microbiological Methods
(Anonymous, 1957).

Test for purity of Rhizobium: The purity of the isolates
was established by the following tests: '

YMA-Congored mediums:  All the isolates were streaked on

the YMA-Congored agar medium consisted of Mennitol, 10.0 g;
K2HP6&, 0.5 g; MgS0,.TH,0, 0.2g; NaCl, 0.1 g; CaCly, 4.0 g;
Yeast Extract, 0.4 €3 One per cent,Congored\dye, 2.5 ml per
litre; agar, 15.0 g; distilled water, 1000 ml; pH, 6.8 - 7.0.
The plates were incubated at 28°C for a week. Isolstes that
showed pink or red colonies were rejected és not being

rhizobig (Hahn, 1966).
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Hofer's alkaline broth tesit: The liquid medium of

the following composition was prepared: K2HPO4, 0.5 g3
MgS0, . TH,0, 0.2 g; NaCl, 0.1 g; CaCOy, 0.05 g; Yeast
Ext:act, 3.0 g3 Mannitol, 10,0 g; distilled water, 1000 ml
and pH adjusted to 12.0 by sddition of alkeli. Ten ml
rortions of the above medium were dispensed in test tubss
and autoclaved.’ After cooling, the liguid was inoculagted
with é loop~-ful of the culture and incubated at 28°C for
12 days (Hofer, 1935). Absence of any growth in this

medium indicated the identity of the isolates as rhizobisa.

Ketolactase test: The medium consisted of lactose, 10.0 g;

4
7H,0, 0.1 g; NeCl, 0.2 g; Fe013, 0.01 g; distilled water,

K,HPO, , 0.5 g; CaCly, 0.2 g; Yeast Extract, 0.5 g; MgSO,.

1000 ml; agar, 15.0 g; pH 6.8 was prepared. The isolates
were streaked onAto ketolactase agar medium and incubated

at 28°C for 7 days. | After incubation, the plates were flooded
with Benedict's solution, TFormation of yellow ring around

the colony ¢of the organism was taken as positive test fOr

3-ketolactase production from lactose which indicated that

the isolates were not Rhizobium but probably Agrobabterium

- . (Bernaerts and deley, 1963).

Growth on glucose peptone agar medium: The medium

consisted of glucose, 10.0 g; peptone, 20.0 g; NaCl, 5.0 g;
| agar, 15.0 g; pH, T.2. Plates with glucose peptone agar

medium were stresked with the isolates and incubated at 28°C.



29

The isolates that grew well in 24 hours on this medium

were rejected as not being rhizobia (Graham and Parker,1964).

Salt tolerance of Rhizobium:

The inoculum was developed
by incculating into yeast extract glucose medium of the
following composition. Glucose, 10,0 g; K,HPO,, 0.5 g3
MgSO4,7H20, 0.2 g; NaCl, 0.1 g; CgCO3, 3.0 g; Yeast Extract,
1.0 g and distilled water, 1000 ml. The inoculum thus
obtained was added at one per cent level fo ten ml of Yeast
Extract glucose medium containing NaCl at 3.0, 4.0, 5.0, 7.0,
8.0, 9.0 and 10.0 per cent (W/V). - The medium was inoculated
with the isclates and incubated at 28°C on a rotary shaker.

After 78 hoaprs incubation, the growth of the orgenisms was’

‘recorded by visual obsérvaetions (Ethiraj et al., 1972).

Crosg inoculation studiles: Cross inoculation studies were

conducted uging the modifiéd lLeonard’s bottle-jar assembly
method (Leonard, 1944). The top half of the unit consisted
of s round beer bottle (700 ml capacity) that had its bottom
cut t0 provide a level flat ground finish. = The lower half
(the réservoir) consigted of a jar of such dimensions that
the inverted bottle sat snugly. on its rim and the neck of

the bottle was within 2 to 4 cm above the bottom jar.

A wick made up of absorbent cotton was provided to
help the capillary rise of moisture from the reservolr tO

the top of the growth vessel., The wick was secured in the
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neck with a wad of cotton wool, Moderately coarse well
washed river sand, mixed with CaCO3 (1 g/kg) were fillegd
into the bottle units within 5 cm of the top.

Seedling solution used was thét of Thornton (1930).

It contained CaCOs, 2.0 g3 K,HPO,, 0.5 g3 Mgso4.7ﬂéo,'o.2 3

NaCl, 0.1 g; FePO,, 1.0 g; FeCl,,

distilled water diluted to one-fifth and a portion of it

0.01 g in a litre of

was used to moisten the sand in the Jar. The remaining
golution was poured in the bottom container. ' Totél quéntit& |
of nutrient solution used was 250 ml per jar. The top of

the growth vessel waé covered with a petridish half, and the=
whole unit waé gecured with'moisture proof paper by means of
rubber bands, The unit was autoclaved at 120°C for two

hours and kept covered until it was used.

Undamaged clean seeds of the seven legumes were selected
and rinsed with 95 per cent ethanol and immersed for 3 minutes
in 0.2 per cent Hg012 acidified with 5 ml conec. HC1. The
geeds were then washed thorougﬁly with six to ten changes
of sterile distilled watex. Then, the seeds wére gsown, just
below the.surface of the moist sénd and the Jars were placed
in overhead illumination chamber. When the seedlings‘were
a week 0ld they were inoculated with 2 ml each of 6 days old
broth cultures. Light was provided for a minimum periocd of
16 hours per day throughout the duration of experiment.

Uninoculated controls were maintained similarly.
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The diluted nutrient solution in the reservoir wsas
replenished thrice during the experiment. with usual aseptic
preceutions, Six weeks after sowing, plants were removed

from the jar, washed and observed for nodulation,

- Pot Culture Experiment

- The experiment was conducted in (45 x 30 x 28.5 cm size)
© cement pots. Sandy'loam soil (pH 6.4) from Main Research
Station, Hébbal, was filled 1o within 2 t0 3 em from the top
(40 kg of soil to each pot). Basal application of 60 kg of
P205/ha as 9ingle superphosphate, 40 kg of KQO/ha‘as muriate
of potash were given. No nitrogenous fertilizer was applied.
DH-2 grass setts weré planted at thé rate of one set per pot.

Three replications were maintained. The treatments were:

(g) DH-2 + Calopoconium muconoides (inoculsted)

(b) DH-2 + Qentrosema pubescens (inoculated)

(¢) DH~2 + Dolichos biflorus (inoculated)

(d) DH-2 + Glycine javanica (inoculated)

(e) DH~2 + lLagbleb purpureus (inoculated)

(f) DH~2 + Mimosa invisa (inoculated)

(g) DH-2 + Pueraria phaseoloides (inoculated)

(h) DH-2 + Calopogonium muconocides (uninoculated)

(i) DH~2 + Centrosema pubescens (uninoculated)

(j) DH-2 + Dolichos biflorus (uninoculated)

(k) DH~-2 + Glycine javanica . (uninoculated)

(1) DH~2 + Lgblab purpureus (uninoculated)
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(m) DH~2 + Mimosa invisa (uninoculated)

(n) DH~2 + Pueraria phaseoloides (uninoculated)

(o) DH-2 + DH-2 (pure grass stand)

The Bhizobium isolates from the above seven forage
legumes were grown on yeast extract mannitol broth in shake
culture for 5 days at 28°C. Carboxymethyl cellulose at
100 mg'peﬁ 100 nl culture was added as a sticker. After
5 days of growth, the legume seeds were treated with appro-
prigte Rhizobium inoculant prepared with peat as base and
dried in shade before sowing. Seeds were dibbled in each
pot. éround the grass setis. Untreated legume seeds were
alsoldibbled around- the grass setts in respective pots.

After establishment of grass, irrigation was done cnce a week.

Grass cuttings were made once in two months for a
period of ten monthe. After recording the green weight,
the samples were dried at 60°C for 24 hrs -and the dry
welghts were recorded. Total nitrogen, and phosphorus were
estingted in the grass samples, Crude protein in the grass
samples was calculated by multiplying total nitrogen values

by the factor 6.25. Dolichos biflorus seeds inoculated

as well as uninoculated were resown in the respective pots
after second and fourth cuttings of the grass.  Apparent
recycliné of fixed nifrogen from the legume to its associlated
gress was estimated by subtracting the N-yield of the pure
grass gtand from the N-yield of the grass component of each

mixture.
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Field Experiment - 1.

The experiment was conducted on sandy loam soil,
located near Microblology Departiment, Agricultural College,
Hebbal. 4 factorial layout and randomized block design
was used with three replications.  Gross plot.size wasg

2.8 mX 105 m!

Treatments coneisted of the following:

(a) DH-2 + Calopogonium muconoides (inoculated)

‘(b) DH-2 + Glycine javenica (inoculated)

(¢) DH-2 + Pueraria phaseoloides (inoculated)

(@) DH-2 + Calopogonium mucondi@gg (uninoculated)

‘(e)~ DH-2 + Glyeine javanica (uninoculated)
(f) ©DH2 + Puersria phasecloides (uninoculated)
(g) DH-~2 + DH~-2 (pure grass stend)

Basal application consisted of 60 kg of P205/ha as
single superphosphate and 40 kg of Kzolha as muriate of
potash., No nitrogenous fertiligers were given.  DH-2
grags setts were planteq on the ridges 80 cm apart ig the
row and sypacing in between rows was 80 cm. After planting,
~irrigation was given daily for one wéek. Legume seeds were
treated with appropriate Rhizobium culture as detailed
earlier: and dibbled around the -grass setts}' Untreated
legume seeds were also dibbled eround the grass setts in
respective plots, after_establishment of grass. Irrigation

was copntinued. once in a week throughout the period of the

experiment,
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Grasg cuttings were made once in two months for one

year and the green weight of grass was recorded.

FPield Experiment - 2

The experiment was conducted on a sendy loam soil
(pH 6.4) at Main Research Statidn, Hebbal, Bangalore. A
factorial layout and randomized block design was used, with

three replications, Grosg plot size was 3 m x 2 m.
Tregtments consisted of the following:

(a) DH=2 + Calopogonium muconoides (inoculated)

(b) DH-2 + Centrosema pubescens (inoculated)

(¢c) DH-2 + Glyeine javanica (inocculated)

(4) DH-2 + Lablab purpureus (inoculated)

(e) DH~2 + Calopogonium mucohoides (uninoculated)

(£) SH—E + Centrosema pubescens (uhinoculated)

(g) Di-2 + Glycine javenica (uninoculated)

(h) DH=-2 + Lablab purpureus (uninoculated)

. (i) DH-2 + DH~2 (pure grass stand)

Basal application consisted of 60 kg of Pgos/ha a8
single superphosphate and 40 kg of KQO/ﬁa ag muriate of -
potash. ﬁd nitrogenous fertiligers were given. : DH~2 grass
setts were planted on the ridges at 60 cm apart in the row
and sbacing'between rows was also 60 em. ' After planting,

irrigation was given daily for one week. Legume seed.
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treatment and planting were carried out as mentioned in
the previous experiment. Irrigation was continued once a

week throughout the period of the experiment.

The grass was cﬁt onge every two months for two yesrs.
~and green weight was recorded. Phosphorus deficiency was
observed during the third cutting. Top dressing with 30 kg
of Pgos/ha was applied between third and fourth cuttings and
the crop recovered from the deficiency.  lablab purpureus
being an annual crop,was resown in the respective plots after

£ifth and tenth cuttings of the grass.

Statistical Analysis

For ascertaining the significance of data on yield,
nitrogen, crude protein and total phosphorus content of DH-2
grass in the pot culture studies, the two way asnalysis of

variance was followéd (Snegecor, 1961).

The data on the yield were statistically analysed
following the procedure of factorial experiment laid as

randcmized block design (Petersom, 1939).
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Three separate grass-legume association studies
(pot culture and two field studies) were made to0 know the
behaviour of forage legumes under different soil eonditionms
and also t0 know the nitrogen transfer t0 the associated
grass from the nitrogen fixed by the legume. The following
combinations of grass-legumes were used in the studies.
Dharwar hybrid-2 grass was grown in agssociation with each
of the below listed.legumes in pot culture and field experi-

ments. Tegumes: Calopogonium muconoides, Centrogemg .

ApubeScens, Dolichos biflorus, Glycine javénica. Lablab

purpureus, Mimosa inviss and Pueraria phaseoloides. These

legumes were also grown separately for isolation of Rhizobium
strains, Morphological and physiological studies were made

'to know the purity of the isolates.

In pot culture study, all these seven legumes were
compared with DH-2 grass, while only four legumes viz.

C.muconoides, C.pubescens, L.purpureus and G.jsvanica were

inelﬁded for the study in cultivated land of fairly high
level of fertility, whereas only three legumes viz. C.muco-
-gggggg, G.javanica and P.phaseoloides were included in
freshly opened up unculiivated land. Grass yield in all
these fhree experiments were recorded at periodical intervals.
In eddition %0 this, nodulation pattern was also observed in

all these legumes., However,in pot culiure study, total
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nitrogen and total phosphorus in the associated grass were

| determined. Results of these experiments are presented

in the regpective tables. It may =also be noted that pot
culture and field experimenis were.conducted under condi-
tions of natural defoliation of legumes through senescence and

only grass was cut at periodical intervals,

Fodulation in Forage Legumes:

Seven forage legumes were grown separately in cement
pots for isolation of Rhigzobium. Nodulation characters of
thegse legumes were observed and the results are presented

in table 1.

The nodules were recorded on both tap root and lateral

ro00ots of these seven legumes. The nodules were round and

smooth surfaced in g.pubescens; D.biflorus, L.purpureus and
P.phaseoloides, wheress théy were rough and wrinkled surfaced
in C.muconoides and G.javenica. Pinger like nodules were
recorded in H.invigg and they were rough surfaced énd=were
found in cluste;s.' The exeiséd nodules eihibited diffuse

pink colouration or circular zones of pink colour.,

Characterization of Baecterial Isolates from Nodules:

The morphological, cultural, physiological and nodula-
tion characteristics of these isolates were studied following
the procedure as given under Material and Methods. Results

are presented in table 2,
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The bacterial isolates made from YMA and Congored
plates were rod shaped &n@ gram negative, They formed
filiform and raised growth on Yeast Extract Mannitol Congo-
red agar and did notAshow any growth on glucose pepione
agar within 24 hrs. There was no growth in alkaline broth
~even after 12 days. When the orgenisms wére tested for
ketolactase production; none of +the 1soldtes exhibited any

ketolactase reaction.

The salt tolerance characteristics of the organisms
from seven legumes were studied as detailed under Material

and Metheds angd the results are presented in table 3.

411 the séven isolates showed good growth upto 4.0
per cent of NaCl in the medium and there was no growth from
8.0 to 10.0 per cent salt concenjration. Aﬁ 5.0 per cent
salt concentration, isolate from L.purpureus showed good
growth, while the isolate from C.pubescens showed poor
growth and the isolates from the other legumes showed moderate
growth. At 7.0 per cent salt concentration, the isolates
from C.muconoides, C.pubescens, L.Qurpureus.and P.phaseoloides
showed poor growth, while the igolates from other legumes

showed ne growth.

Crogss-inoculation gtudies:

The cross~inbculation studies were mnade on all the

seven forsge legumes viz. C.muconcides, C.pubescens,
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D,biflorus, G.javanica, L.purpureus, M.inviss and 2.

phaseoloides by following Leonard's bottle jJar assembly

method. The results obtained are preseﬁted in table 4.

Among the ‘igolates tried, the isolate from C.pubescens
was found to be host specific, It caused nodules on its
original host only -and did not cause nodulation on the other
hosts. Generally, the nodules were more in host plant
(2% to 36 per plant).than in cross-inceulated legumes
(O to 25 per plant) (table 4). Among the cross-inoculated
legumes, isolate from L.purpureus was more effective in

nodulating all the plants +than the other isolates.

Pot culture Studies:

1

The experiment was conducted in cemenit pots filled with
saendy loam seil from the Main Research Station, Hebbal.

Seven forage legumes namely,C.muconoides, C.pubescens, D.

biflorus, G.javanica, L.purpureus, M.invisa and P.phasecloides

were included for the study. Dharwar hybrid-2 grass was

grown in asscelation with these legumes,

Grass cuttings were made for a period .of ten months
ét two monthy ihﬁerval. Total nitrogen and phosphorus
contents of grass were estimated. The moisture content:
ranged from 74 t0 86 per cent in grass samples in each
cutting. The mean moisture per cent of 80 was considered

’

for the estimation of dry matter production,
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Apparent recycling of fixéd nitrogen from the inocu-
latedrand uninoculated legumes to its associated grass was
estimated by subtrécting the Neyield of the puré grass stand
from the H-yield of the grass eomponentA of each mixture.
N-fixed by the native Bhizobium was calculated by subtract-
ing the waield-of the pure grass stand from the N-yield
of the grass compbnent of each uninoculated mixture., Simi-
larly %he'N;yield of the grass component of each uninoculated
mixture and pure gfaes stend was deducted from the inoculated
mixture to find out the N-fixation due to inoculated strains.
The effect of seven forage legumes when inoculated and un-—
inoculated with appropriate rhizobia over the DH-2 gress was

studied5

Grass yield: In this experiment, the green weight of +the

DH-2 grass grown in associgtion with the seven legumes under
both inoculated and unincculated conditions were recorded at
each sampling and the results are presented in tables5at0o 5S¢

and in fig. l.

As a mean over rhizobial treatment; grass grown with

M.invisa gave the highest green weight (132.84 t/ha/year),

followed' by grass with C.muconoides (126.00 t/ha/year),

while the green wéight of the pure grass stand was the
lowest (55.28 t/ha/year) (table 5a). The yield of grass

grown with J.pubescens, G.javanica, L.purpureus, D.biflorus

and P.phascoloides were intermediate and ranged from

107.42 tc 12%.28 t/ha/year.

)
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Yield per cutting:. The per cutting yields of grass were

poor during the first cutting end gradually rose to peék
value during the third cutting. Thereafter, there was
gradual decline upté the’fifth cutting (fig. 1). The green
welght of the grass associated with M.invisa was better in
most of the cuttings thoﬁgh 1t reached its peak in the
third cutting (36.18 t/ha). The next best mixture which
yiel&ed higher grass yield was with C.muconoides which

reached its peak at the fourth cutting (%6.00 t/ha). in
grass with C.pubescens, the yield ranged from 7.30 t/ha in
the first cutting to 38.08 t/ha in the fourth cutting. Grass
with D.biflorus gave yield of 7.15 t/ha in the first cutting
and %6.9% t/hs in the fourth cuttiné. The grass yield was
almost same after the second cutting t1i1l the fifth cutting

in _grass/P.phaseoloides and grassﬂg.biflorus mixtures, How-

ever, the total yield of grass with'g,phaseolbides was

s1lightly higher than the grass with D.biflorus. In grass
with g,jévanica increase in green weight was linear upto the
£ifth cubting (8.00 t/ha in the firet outbing to 28.48 /ha in
the fifth cutting), while in grass with L.purpureus, the yield
increased upto the third .cutting and then deoiined(table cb).

N

As a.mean over legumee, increase in green weight of
grass was not appreciable (7.61 to 8.57 t/ha) upto the second
cutting. It rose from the third cutting end remeined more or

~less constant t111 the fourth cutting. The mean grass yield
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deoreased considerably in the fifth cutting (22.91 t/ha)
(table 5b). The increase in yieid due to Rhizobium inocu=
lation of associated legume was highly significant as compared
to uninoculated 1egumes.‘-$noculation“of the legumes asso-
ciated with grass increased the mean gress yield (144.54 t/
ha/year) significantly as compared to that of grass aésocia-
ted with uninoculated legumes (95.12 t/ha/year). Grass yield
~ of all mixtures with inoculated le gumes wes higher in'all the
cutfings'than in the mixtures with uninoculated legumes. Grass
yield in pure grass stand wes the lowest as compared to that

of grass and legume mixtures.

Yield of giass associoted with legumé differed signi-
ficently due to Rhizobium inoculation in all the cuttings
eXcept in second cutting (table 5b). The increase in mean -
green ﬁeight of -grass associated with inoculsted legumes was

“higher in the third cutting (35.05 t/ha)'reaching its peak in
the fourth cutting (36.07 t/ha). It was sligﬁiy_lower in the

. fifth cutting'(30.66 t/ha),' Similar trend wag observed even
1ﬁ:uninocu;ated legumes-grass mixtures, bgt the yield_at the
fifth cutting was considerably lower as compared to the yield
_éf gzéss'at thé third and the fourth_outying. Even in pure
grass sténd, the green weight of grass in different cuttings

- followed the ssme trend as in mixtures. The incfease in grass
yield was only marginal upto the second cutting and was marked
in the third and fourth cutting and decreased considerabiy
in_the fifth‘cutting.
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Yields of grass in assoclation with several legumes
as affected by Rhizobium inoculation in different cuttings
are presented in table 5c¢.. From the data, it could be obser-
veé that grass was benefitted by association with lnooculated
legumes. Further, yield of grass with several legumes either
Inoculated or uninoculated varied markedly in all the cutt-
~ings. The differences in the yields of grass in grass-
1egﬁme mixtures were.mérked under inoculated condition than

under uhinoculated condition.

Totel yield; Under inooculated condition, grass with C.

" muconoides gave higher total yield (162.05 t/ha/year),

'folldwed by g@ass withAﬂ.inﬁisa (156.96 t/ha/year), C.pube-

éoens‘(150.38 t/ha/yearo_g,phaseoloideé (144.53 t/ha/year),
D.biflorus (137.06 t/ha/year) and G.javanica (136.62 t/ha/
. year); while it was comparatively lower in;grass with‘g.'

purpureus (124.18 t/ha/yeer).

Under uninoculated condition, the grass was benefitted
considerably due to the association of legumes like M.invisa
and D.biflorus, while with other legumes the benefit was
marginal, - Under uninoculated conditioﬁs,llégqmes were also
nodulated but nonsﬁecificgliy by: nétive rhizobia. Nodulation
appeared to be poor. Indreased yleld upto the fourth cutbing

was recorded in mixtures hamely, grass with C.muconcides, C.

pubescens, D.biflorus, g.javenica and M.invisa, while in

others it was only upto the third cutting.
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Table 5(d4)

Monthly average temperature in the field at
Hebhal for 1970-T72

" Months Temperature;in °C
January 1970 ' 21.50°
February 1970 . - 22,50
March 1970 - ' - 25.90°
April 1970 T 27.30°
Mey 1970 | 26.50°
June 1970 - 25.45
July 1970 24,90
Auéust 1970 23,65
September 1970 . 24,05
Cctober 1270 - 22,85
November 1970 - 21.60
December 1970 ~18.80
January 1971 21.10
February 1971 22,30
March 1971 1 24.15
April 1971 - 26.75
May . 1971 26.25
June 1971 23.60
July 1971 23.80

August 1971 23.25



Table 5(d) - Contd.

Months Temperature in °C
September 1971 23,10
October 1971 24.55
November 1971 20.35
December 1971 18.95
Januery 1972 19.00
February 1972 22,55
March 1972 23.55
April 1972 26. 55
May - 1972 25.70
June 1972 25.35
July 1972 23.75
August 1972 23.55
September 1972 23.85
Ogtober . 1972 23.05
November 1972 21.55
December 1972 20.20

50b
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Inclusion of legumes either inoculated or uninocu-
lated, incressed the green weight of associated grass.
This increase varied markedly among the different legumes
and also between inoculated and uninoculated legumes,
Inclusion of legumes in various mixtures increased the green
weight of the grass by 72 per cent as compared to pure grass
stand (55.28 t/ha/year). This increase in green weight of
the associated grass was further increased by 52 pexr cent
by inoculatiﬁg the iegumes with Rhizobium as cdmpared to
~ grass with unincculated legumes (95.12't/ha/year). The
highest increase in gréen weight of the associated grass as
.compared to pure gréss g8tand was in mixtures with M.invisa

(140 pér cent), followed by g.muconoides, C.pubescens, E.

phaseoloides and D.biflorus. In mixtures with G.javenica

end L.purpureus, the per cent increase in green weight over

pure grass stand renged from 94 to 99 (table 5a).

Dry matter production: Tive random grass samples were

taken after each cutting and dried. The moisture per cent
with grass gamples ranged from 74 to 86, The mean moigture
per cent of\80.was considered for the estimation of dry matier
production, Pattern of dry matter production in different
cuttings as well as inoculated and uninoculated legumes

followed the same trend of green grass yield.
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Nitrogen yield: The effeet of 21l the meven forage legumes

namely, C.miconoides, C.pubescens, D.biflorus, G.javanieca,

L.purpureus, M.invisa and P.phaseoloides both under inoculated

and uninoculated conditions on the nitrogen yield of the’
DH-2 grase wes studied. The results are presented in tables

68. and Sbo :

Nitfogen yielad of the grasé gra&n ﬁith differeﬁt
legumes varied merkedly depend.ing upon the ege of the mix-
tures. in general, as é mean over 1egumes,.N—yiéld'of the
grass increased from 33,32 kg/ha in the f;rét outting to
125.35 kg/ha in the £1£th cutting., These differences émpng
the different cuttings were highly marked.

Highesﬁ N-yleld of the grass wes recorded with G.
Javanice(39.77 kg/ha) in the first cutting, with C.pubescens
in the secord cutting, with M.invisa in the third cutting,
with Q,chonoides in the fourth cutting_and with P.phaseoloides

in the fifth cutting (table 6a). Nitrogen yield of the grass
with P.phaseoloides (173.08 kg/ha) at the fifth cutting wes

markedly higher then other cuttings., The N-yield of the pure
grass stand did not differ much between cuttings end it was
comparatively lower than grass grown with legumes in all the

cuttings.

Total N-yield (total per yeer) of the grass with C.muco-

noides was the highest, while that of grass with D.biflorus
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was the lowest. The N~yield of grass with different

legpmes was higher than that of the pure grass stand.

Nitrogen yield of the grass grown with different
legumes differed markedly with kind of legume in the
mixtures? As a mean ovér inoculation, gress grown in

assoclation with C.muconoides gave the highest Neyield

(531728 kg/ha/year), followed by grass with M,invise
(489.70 kg/ha/year), P.phaseoloides (451,99 kg/ha/year)

and gfjavanica_(437,59 kg/ha/year) while, it was the lowest
in grass'with‘gtgubescens (398.98 kg/ha/year), L.purpureus
(377.80 kg/ha/year) and D.biflorus (368.67 kg/ha/year)
(table éa)ﬂ |

Nevertheless, inclusion of legumes with grass had
‘increased markedly the HN-yield of the graSS as compared to
the pure grass stand. Similarly, Rhizobium incculgtion of
thé associated legumes of the grass further increased the
Ne-yield markedly.‘ ,As'a meanh over legumes, grass with
inoculafed legumes (580.91 kg/ha/yr) gave more N.than'grass
with unincculated legumes (292.24 kg/ha/yr) (table 6a)..

Nitrogen yield of grass grown with inmoculated as well as
uninoceulated legumes varied over a wide range.  Among

inoculated legumes, the nitrogen yield was maximum in grass

with C.puconoides (776.14 kg/ha/year) as compared to grass

with D.biflorus (449.41 kg/ha/year) in which 1t was the

)

lowest. Nitrogen yield variéd slightly among uninoculated
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legume mixtures (251.65 in G.javanica to 299.51 kg/ha/year
in P.phsseoloides) (table 6b). The incresse in N-yield
due to0 inoculagtion of the gssociated legume was more
pronounced in grass with C.muconoides as.compared t0 other
grass-legume mixtures, The Jlowest increase was observed

in grass with D.biflorus.

Nitrogen yield of grass grown with inoculated as well
as uninoculated legumes'was higher over that of pure grass
gtand in all the cuttings., Nitrogen yield of the grass
varied in different cuttings from Rhizobium inoculated legumes.
As a mean overvlegumes, there was marked inerease in the
N~yield of the grass grown with inoculated legumes in all
the cuttings. Highest increase of nitrogen was with the
inoculated legumes in fifth cutting followed by the third,
fourth and Second cutting. Crude protein was estimated from
the grass samples grown in pot culture. The trend logically
with ecrude protein was similar to the N-yield as crude protein
wag nothing but total N multiplied by 6.25. The statis-

tical analysis.of data would be similar, \

Nitrogen fixation due to inoculation and native rhizobias
varied markedly between different grass-legume associatiohs.
However, inoculation of legumes inecreased the nitrogen fixa-
tion in all the gréss-legume combinations, Nithgen fixing
éapacity varied with differeﬁt legumes. C.muconoides fixed
more nitrogen (489.72 kg/ha/year), followed by G.javenica
(371.89 kg/ha/year) and the lowest fixation was observed

in D.biflorus (161.48 kg/ha/year (table 6b).
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Phosphorus content of grass grown with different

forgee legumes:

Phosphorus content of the grass samples grown with
inoculatéd as well as uninoculated forage legumes and pure
grass stand under pot culture conditions was estimated
periodically as mentioned under Material and Methods. The

regults are presented in table 7.

P,0g content (average of five cuttings) of the grass
differed significantly at one per cent level both with the
inclusion ﬁf legumes and Bhigobium inoculation. The inter-
action effect of legume and Bhizobium inoculation was highly
significant, As a mean over Rhizobium inoculation, mean
phosphorus ¢ontent of the associated grass with M.invisa
(0,076 ‘g/pot/cutting), C.pubescens (0.074 g/pot/cutting)
and P.phaseoloides (0.069 g/pot/cutiing) was significantly
more than the associated grass with G.javanica (0,052 g/
pot/quttiﬁg) ( table 7). P205 content of the grass asso=-
ciated with‘g.biflorus,.Q.Eurpureus and.g,ggggggéggg was on
par.with the PZOS content of the grasé aséociated with
C.pubescens and EB.phegeoloides and was significantly lower
then the P O5 content of the grass with M,invisa. = Purther,
P205 content of the grass increaaed’SLgnifleantly with the

inclusion of legumes as compared to pure grass stand.

AS a mean over legumes, P205 content of the grass

grovn with inoculated legumes (0.076‘g/pbt/cutting) was
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significantly higher than that of the grass with uninocu-
lated legumes (0.055 g/pot/cutting) (table 7). The inter-
sctim effect of the legumes with Rhizobium inoculation was

8lso highly significant.

Among the inoculgted legumes, P205 content of the
grass with P.phasecloides was max imum (0.096 g/pot/cutting),
while that of the gress with G.javanica was the least (0.061 g/
pot/cutting).

Among the uninoculated legumes, P205 eontenj of the
grass grown with‘g.gubéscens was the highest (0.079 g/pot/
cutting), while that of the grass associated with L.purpureus
was the lowest (0.0%6 g/pot/ecutting).

 In general, P,05 content of the grass with inocculated
legumes was comparatively higher than the uninocculated
legumes with the exception that PZOS coritent of the grass
with uninoculated G.pubescens (0.079 g/pot/cutting) was
significently more then the inoculated C.pubescens (0.069 g/
pot/cutting).

Pield Experiment 1,

The experiment was conducted on a plot of land hither
t0 uncultivated and freshly opened up near the Agricultural
College, Hebbal. Three forage legumes namely, C.muconoides,

G.jevanica snd P.phaseoloides were included in the mixture
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with Dharwar hybrid-2 grass. After establishment.of the
grass, inoculated ss well as uninoculated legume seeds were
dibbled around the grass setts. Grass was cut every two
months over a period of one year. Five random samples were
taken after each cuttings and dried. The moisture per cent
ranged from 74 toc 86 in grass samples at each cutting. The
mean moisture per cent of 80 was considefed for the estima-
tion of dry matter @roduction.e Other calculations were‘

made as in pot culture experiment.

Grass yield: The green weight of the grass grown in asso-
ciation with the three legumes under both inoculated and un-
inoculated conditions were recorded at each samplingland the
results aie presented below. Rhizobium inoculation of the
legumes significantly increased the associated giass vield

as compared to the uninoculated legumes. The grasé yiela
differed significantly at one per cent level due to associa-
tion of legumes with grass., The interaction effect of
legume and Rhigzobium inoculation caused no significant differ-

ences in grass yield.

As a mean over inoculation, grass sssociated with C.
muconoides yielded significantly higher green weight\(172.ll
t/ha/year), followed by grass with G.javanica (157.08 t/ha/
year) and P.phaseocleides (150.57 t/ha/year). It was signi-

ficently lower in pure grass stand (73.11 t/ha/year)

(teble 8a)., However, the yield of grass in aessociation
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with Q,javanica and P.phaseoloides did not differ signi-

ficantly. [Nevertheless, yield of grass grown in asso-
ciation with different legumes was significaﬁtly higher
than that of the pure grass stand;

Yield per cutting: As a mean over legumes, grass yileld

inereased linearly from the first cutting (L.55. t/ha) %0

the fourth cutting (47,18 t/ha) and then onwards yields
declined considerably (table 8a). There were no signifi-
cant differences in yield of grass associated with different
legumes. However, the yield of grass grown with C.muconoides
was comparatively higher than those of other associated
legumes in all the cuttings except in the second cutting.

No such trend in yield differences in cuttings was seen

in other mixtures.

Effect of inoculation on associated legumes with grass
was not significant in any of the cuttings. However, yields
of grass grown with inoculated legumes were consistently more
than those of grass grown with uninoculated legumes in all
tpe cuttings. Yield of pure grass stand was significantly
1pwer than the yiél& of grass in grass-legume mixture in all
the six cuttings. ‘The yield of pﬁre grass stand increased
rapidly upto thé third cuttiné and then onwaids, decreased
gradually.

Green weight of the associated grass increasgd consi-
derably with the inclusion of legumes and this increase varied

markedly with different mixtures. The increase in green
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weight of the associated grass over pure grass stand wes
maximum in grass with‘g.muconoides (135lpei cent), followed
by that with G.javanica (115 per cent) and it was compars-
tively lower in grass with P.phasecloides (106 per cent).

Similarly, with the inclusion of inoculated legumes in the
mixtures, the grass yleld increased by 140 per cent as
compared t0 97 per cent wi'm.uninoculated legumes  over pure

grass stand,

Grass yields due to different treatments differed
significantly in the third, fourth and theAfifth cuttings
(table 8b). Yields increased generally upto the third
cutting and then decreased (fig. 2). In the firs+t éutting,
grass yield wés higher in gfass with inoculated C.muconoides
(2.10 t/ha) as compared to that in other mixtures and it was
the lowes+% in pure grass stand (0.82 t/ha). In second
cutting the grass yileld ranged from 6.50 t/he in pure grass
stand to 14.46 t/ha in grass with inoculated P.pheseoloides
and this difference was not significant. - Further, in fhe
third cutting grass yield of pure grass stand was signifi-
cantly lower than the mixtures except that with uninoculated
P.phaseoloides, In the fourth cutting, the yleld of g:éss

grovn with incculated as well as uninoculated legumes was
significantly more than that of pure grass stand. With others,
there were no significant differences. Highest yield of

54 .36 t/ha/cutting was obtained in graés grown with inoculated
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G.javenica and C.muconoides. Again, in the fifth cutting,

a similar trend was oObserved. Grass yield due to inclusion
of legumes were higher as compared %0 pure grass stand.
The’yields varied from 14.29 t/ha in pure grass stand to -
39,67 t/ha per cutting in grass with inoculated G.javanica.
There were no significant differences among treatments with

-

respect to yield in the sixth cutting.

Total yield: As a mean over associated legumes, grass yileld

of DH-~2 grass grown with inoculated legumeswas significantly
more than grass with uninoculated legumes(fable 8&). The
increase in yield was significént end it was to the extent
of 22 per cent as compared to -the yield of grass grown with

uninoculated legumes;

- Among the inoculated legumes, grass yield was the

N

highest when grown in assoclation with C.muconocides (184.84

t/ha/year),while it was the lowest with P.phaseoloides
(166.06 t/ha/year). A similar trend was observed in yield
of grass witn uninoculated legumes. Grass yield with un-~
inoculated C.muconoides was 159.38 t/ha/yeary while in grass
with P.phaseoloides it was 135.08 t/ha/year. The yields
&ere higher iﬁ.case of gll the grass legume mixtures than

the pure grass stand.

Nitrogen yield: The effect of thre¢e forage legumes namely,

C.muconoides, G.javenica and f.phaseoloides, both under
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inoculated and uninoculated conditions on the nitrOgeh

yield of the associated grass was studied.

There were considerable differences betwéen cuttings

in the nitrogen yield of grass in grass-legume mixtures.

As a mean over legumes, N-yield of grass lnecreased
from $5.%3 kg/ha in tﬁe first ecutting to 161.98 ké/ha'in the
fourth cutting end then declined to 75.98 kg/he in the sixth
'cupting(table 9a). The inecrement in N-yield was rapid
upto the third cutting ané was marginal in the fourth cutting.
and declined sharply'in the subsequent cuttings. Nitrogen
yield of the grass varied considerably among the legumes in
Edifferent cuttings. Nitrogen yield obtained from the grass
assoclated with C.muconoides was higher in all the cutitings

except in the second cutting as compared %o that from the
grass with other two legumes. Between the two grass-legume
mixtures, grass withiéwphaseoloides yielded more nitrogen
in all the cuttings except in the fourth and the £ifth
cutting. However, N-yield of grass aésociated with legumes
was considersbly higher than the N-yield of pure grass stand

| \

in 2ll the cuttings,

The nitrOgeﬁ yield of grass in pure grasslstand was
the lowest as compared to grass-legume mixfures. N-yield
of grass was further increased by inocculating the associated
legumes in all the cuttings. The N-yield of the grass
increased from the first cutting to the fourth cutting
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and subsequently deciined considerably in both the inocu-

lated and the uninoculated grass—legume mixtures.

Total Neyield of the -grass (total per year) differed
considerably among the legumes and also between Rhizobium
inoculation. As g mean:oﬁer inoculation, grass with
C.muconoides yielded the highest nitrogen (599.47 kas/ha/year),
followed by grass with P.phaseoloides (533.15 kg/ha/year),

while it was the lowest in grass with G.javenica (516.97 kg/
hae/year (table 9a). N-yield was the lowest in pure grass

stand as compared tC grass-legume mixtures.

The legumes responded markedly to Rhizobium inoeculation,
Generally, the N-yield of grass was higher due fo inoculation
of legumes as compared 10 Neyleld of grass with uninoculated
legumes, Grass with C.muconoides yilelded higher N-yield
both under incculated and uninocculated conditions, while it
was moderaie with P.phaseoloideg and was comparatively lower
in grass with §.jaovanica (table 9a).

§

Highest N was fixed by native rhizobla in grass with
C.muconoides (269.03 kg/ha/year), followed by grass with
P.phaseoloides (209.6% Xkg/ha/year), while this was the lowesf

in grass with G.javanica (192.76 kg/ha/year). Similarly,

this N fixation by different legumes was inéreased by
Rhizohium inoculation., Nitrogen fixation by inoculation was

fhe highest (242.7% kg/ha/year) in grass with g.muéonoides
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followed by grass with G.javenica (230.26 kg/ha/year),
while it was the lowest in grass with P.phaseoloides
(228.89 kg/ha/year) (table 9b).

Pield Bxperiment 2.

The experiment was conducted on a sandy loam soil of
fairly high level of fertility (0.088 per cent nitrogen)
at the Maln Resesrch Station, Hebbal, Bangalore. Four
forége legumes namely, C.muconoides, C.pubescens, Q,javanica
and L.purpureus were included in the mixture with Dharwar
hybrid-2 grass. - After the establishment of grass, legume
seeds inoculated es well as uninoculated were dibbled around
the grass setts. Grass was out every itwo mohths over a .
period. of two years.  Five random semples were taken after
each cutting and dried. The ﬁoisture per'cént rénged fron
74 to 86, The mean molsture per cent of 80 was.used for the
egtimation of dry matter productiqn. The effect of four
legumes' when inoculgted and uninoculated with eppropriste

rhizébia over the DH-2 grass was studied.

‘Grass yileld: Green weight of the grass grown in association
with the four. legumes under, both inoculated and uninoculated
conditions were recorded at each samplings and the results

ere presented below.
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Yield per cutting: Yield of grass due t0 legumes
differed significantly in the fourth, fifth and the ninth
cuttings only. As a mean over assoeiated legumes, yield
~of grass was maximum in the second cutting(44.07 t/hs), while
it was the lowest in the first cutting(11.05 t/ba) (Teble 10a).
The yield varied in between these two ranges in other cuttings.
The yield of gréss grown with C.muconoides was higher than
that with the other associated 1egumes in the first, seecond
third and the sixth cuttings, whiie the yield of grass with
:g.gurgureus was comparatively higher than that with the other
legumes in rest of the cﬁttings (fig.3). Yield of giass
,gfown with Rhizobium inOcuiated legumes was éignificantly
superior over that withAunincculated legumes in majority of
the cuttings. The yield of the pure grass stand was the
leést when qompared with the other treatmen 15 iﬂrall_the
| cﬁttings. Maximum yield recorded was in the éieventh
cutting (20.76 t/ha) and the lowest in the £ifth cutting
(4.26 t/ha) (table 10a). In the first cutting, there were
not'many differénces~in the érass yields between the treat-
ments (table 10b).  The }irst cutting yield ranged from
4.93 t/ha ‘in the pure grass stend to‘lB.SO’t/ha in the grass
with inoculated Q.muconoides.' In the second cutting, the
yield ranged from 13,92 t/ha_in pure grass stand to 56.68 t/ha
in the grass with inocculated C.muconoides. Grass yields
‘with uninoculated Q.muconoides were comparatively higher

than in the other 'treatments, except those with inoculated



GREEN WEIGHT OF GRASS (IN METRIC TONS PER HECTARE)
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FIG.3 RELATION BETWEEN CUTTING DATES AND YIELD OF GRASS

IN GRASS-LEGUME MIXTURES (FIELD EXPERIMENT-2) ™

(DATA OF ELEVEN CUTTINGS) (GRASS WITH INOCULATED
- \

LEGUME ———, GRASS WITH UNINOCULATED LEGUME ~————=

AND PURE GRASS STAND e—=). \



Effect of legumes on yield of grass (Pield experiment -2)

Table 10(a)

(Weight of grass, t/ha)
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Grass-legume : Total yleld over pure
mixtures I 11 111 v v VI VII  VIII IX X XI ' DT orass
' Mar.1971 May July  Sep., Nov,1971 Jen.1972 Mar. May July  Sep. Nov, ~Je8T  giand
DH—Z/nguconoiaes 11.54 51.41 26.71 23.73 ' 14.04 25.27 17.28 19.08 32.60 44.55 43.06 - 319.27 174,15 148
DH-z/g.gubeséené 11.52 40.07 29.24 16.12 7.04 17,77 15.34 16.87 28.05 -34.45 38.66 - 255.13 ':139.16 - 98
DH-2 /L. purpureus 10,12 41.94 40.01 26.94 | 16.45  24.99 17.84 -19.67 -49.02 -49.73 -45.30 - 342,10 - 186.60 ' 166
DH-2 /G .javanica 11.03 42.85 40.34 20.77 6.76  :20.41 16.12 18,27 -27.09 '39.30 38,45 - 281,39 -153.48 :118
 Meen 11.05 44.07 3%6.57 21.89 | 11.07  -22.11 16.64 18.47 34.19 42,00 -41.39 -
'C.D. at' 5% N.S.  N.8. N.5. *5.79 | #%2,64 N.S. N.S. H.8. **7,56 N.8,  N.S,
‘Trestment “ ‘
=3 Inoculated 12.71 48,20 40.69 27.57 16.02 29,80 18,09 -19.41 -36.91 -45.35 45,08 339,8% 185,36 - 164
-1 Uninoeulated. 9.39. 39.95 32.46 16.20 6.12 '14.43 15,20 17.53 -31.47 $38.66 37.70 - 259.11 - 141.33% 101
 Mean 11.05 44.07 36.57 21.89  11.07  22.11 16.64 18.47 -34.19 -42.00 41.39 - ° -
p-Test *¥ wx N.§, % *# * ¥.8, N.8., = * N.S.
DH-2/DH=-2 (pure grass ‘ - A | ’ | | |
stand ) 4.93 18,92 17.64 9.58 4.26 10.07 8.7% - 9.06 14.40 10.45 20.76 - 128,80 -

70.25

»% 3ignificant at P = 0.01,

Significant at P = 0.05,

N.8.= Not signifiecant at P = 0.05
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Tadle 10(b)

Relation detween outting dates and yield of grass in grass-legume mixtures (Field experiment - 2)
(Veight of grase, t/ha) :

i
Cuttings % Total

Srass-lagume ’ = B - Total yield
zixtures w v VI Y VI o x | X1 Ll
Nar.13T1 May July Sept. Nov. {;35 Mar. Nay July  Sept. oy, .

Irocslated | '

TE-2/3-motmoldes 13.80 56.68 41.10  33.06  25.00 34.18 17.92 19.86 37.50 49.72 J.u 371.70 202.74
I65-2/3.rudbesgens 13.30 47.%2 34.02 18.05 7.35  24.45 16.10 17.36: 32.50 36.95 45.10  293.10 139.87
52, %- purserens .33 45.28 46.26  35.00  26.02  34.48 19.58 20.15 50.42  54.74 49.77  392.98 214.35

=-2/8.javenice 1243 42.92 Q.38 2408 7.712  26.10 18.75 @%u 301.55 164.48
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C.muconoides'and C.pubescens. However, yield of grass

grown with incculated C.pubescens was on par with the

yield of pure grass stand. During the third cutting,
grass yield due to tieatments did not giffer significantly.
The'yieldsrqnged from 17.64 t/ha in pure grass Stand to
46,26 t/ha in grass with inoculeted L,gurpureus. In the
fourth eutting, grass yieldsraﬁged frOm 9.58 t/ha in pure
grass stand to 35.00 t/ha in grass with incculated
L.purpureus and the differenmces in yield due to treatments
were significaht, while the &ieldé of‘grass with uninoéulated
g.éubescéns and grass with uninoculated g.mueonoidés were on
par with the yield of bure_grass stand. During the fifth
cutting, grass yield with inceulated L.Eurpureﬁs and that
with inoculated‘g.puconoides was significently more than

the yields of other treatments. Yields in other treatments
were on par with the pure gress stand (4.26 t/ha). In the
T ogixth eutfing, the grass yields due to different treatments'
were comparatively higher them the fifth, seventh and the

e ighth cuttings. ~ The yields rénged'from 10.07 t/ha in pure
grass stend to 34.48 in grass witﬁ inoculated L.purpureus
and this difference in yieid due to treatments vas highly
gignificant. During the seveﬁth cutting, grass yields did
not differ significantly due to treatments. They ranged

' from 8.73 t/ha in pure gfaﬁs stand 0 19,58 t/ha in grass
with inoculated L.purpureus. In the eighth cutting, grass

yield of pure grass stend was significantly lower as compared
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e that in other treatments. The gréss'yields in other
treétments raﬁged from 16,25 t/ha in grass with uninoculated
| g.javaniea £0 20.28 t/ha in grass with inoculated G.javanica.
'In the ninth cutting, the grass yields ranged from 14.40 t/ha
in pure gress stand to0 50.42 %/ha in inoculated L.purpureus.
During the tenth cutting, the yields ranged from 10.45 t/ha
in pure grass stand 40 54.74 t/ha in grass with inoculated .
L.purpureus end the differences among treatments were signi-
ficént; ' In the last cuttiné, the yields did not differ
significently. They ranged from 20.76 +/ha in pure grass
stand to 49,77 t/ha in grass with incculated L.purpureus.

Total Yield: Rhizobium inoculation of legumes signifi-

- cantly incressed the associated grass yleld as compared to
the uninoculated legumes., The grass yield differed signi-
ficantly at one per cent level due to associated legumes.
The interaction efféct of legume and Rhizobium inoculatiom

caused no significant differences in grass yileld.

~As a mesn -over Rhizobium inoculation, total grass
yield (tatal per year) with L.purpureus wes significantly
moyre than the totel grass yields of mixtures, namely with
G.Javanles and C.pubescens., while it was on par with the

yield of grass in association with C.muconoides (tsble 10c).
Total yield of grass with C.muconocides was on par with

grass grown in association with G.javanica but wes signi-
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. ficéntly more than the yield Qf4grass with C.pubescens,

- However, the yield of grass‘with legumes was significantly
more then the yield of the pﬁre grasé stand. The increa_s‘.e
in total (total per year) green weight of the associated
gresg over pure graée stand was maximum witp L.purpureus
(166 ber.cent),followed by that with g;muconoides (148 per
cent) and it was comparatively lower in grass with C.pubescens

. (98 per cent). Similarly, with the inclusion of inoculated
leguﬁes in the mixture the grass yiela iporeased by 164
per cent as compared to 101 per_cent-in uninoculatgd legumes

~ over pure grass stand.

As a mesn over assoclated legumes, yleld of grass
grown with Rhizobium inocculated legumes was significantly
higher then fhat with uninoculated legumes and the increase
was to the extent of 31 per cent (table 10c). Grass with
legumes did not interact significantly with Rhizobium

inoculation,

Among the Rhizobium' inoculated legumes, yileld of grass
wes the highest in associstion with L.purpureus (214.35 t/
ha/year) end lowest with C.pubescens (159.87 t/ha/year).

A simiiar tiend wés observed in grass yield even when
associated legumes'weré uninoculated. When 1egﬁmes were
uninoculated. grass yieid was the highest with L.purpureus

and thé least with C.pubescens. Yield of pure grass stand
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was the lowest as compared to that grown with different

legumes and this difference was highly significant (table 10c).

Pattern of dry matter produciion of grass in different
cuttings in inoculasted and uninoculated legume followed the

game trend as in green grass yield.

Nitrogen yield: Effect of all the four forage legumes

namely C.muconoides, C.pubescens, G.jevanica and L.purpureus,

bhoth under inoculated and uninoeculated conditiong on the N

yield of the DH-2 grass was studied.

Thére were considerable diffevences in nitrogen yields
among the kind of legumes and between cuttings and this varia-
tion was depeﬁdent on the age of the mixtures. Generally the
trend of N«yiéld was inconsistent. As a mesn over legumes,
N-yleld increased from 39,06 kg/ha in the first cutting to |
1%56.19 kg/ha in the second cutting and then onwards declined
gradually upto. the £ifth cufting (40.01 kg/ha). From the
seventh cutting, N. yield increased gradually upto the tenth
cutting (148.45 kg/ha) and then declined in the eleventh
eutting (ﬁable‘lia). The legumes diffefed in their capacity
.to contribute nitrogen to the‘associated graés. Kitrogeﬁ
yield obtained‘from the grass associated_with G.muconoides
wos higher in all the cuttings except the third, fourth, f£ifth,
ninth and the tenth cuttings es compared 0 other three grase-

Jogume mixtures. Amopg the other three grase-legume mixtures,
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grass with L.purpureus yielded more nitrogen in all the
cuttihgs except in the first cutting. TNitrogen yield of
the grass with G.jsvenica was higher in all the cuttings
except in the first, fifth, ninth and the eleventh cuttings.
Howevér, the nitrogsen yield of grass associated with legumes
was considerably higher than that of pure grass stand in

all the cuttings.

Total N-yield of grass (total per year) differed
considerably among the legumes as slso between uninoculated
end inoculated grass-legume mixtures. As a mean over

inoculation, Neyield of grass with C.muconoides and L.purpureus

wa8‘higheét, followed by thét with G.javanica and lowest in

grass with C.pubescens., Purther, the N-yield was the lowest

in pure grass stand as compared 1o the grass legume mixtures.

The. legumeg responded markedly fo Rhizobium inoeulation,
Generally the N-yield of grass was higher due to inoculation
of legumes a8 compared to N-yield of grass with uninoculated
legumes (table 1la), .Due to inoculation of the associated
legumes, the increase in N-yleld was t0 the extent of 51 per
cente. Nitrogen yleld in grass with C.muconoides was higher
both under inoculated and uninoculated conditions., It was
moderately highér with L.purpureus, medium in grass with
Q.Javénica and comparatively low with C.pubescens.

.Legumés differed in thelr contribution of K t0 the

ggsociated grass. Relatively higher nitrogen was fixed



Table 11 (u) 8l
iffeot of logumes on Nitrogen yield of grase (Field experiment ~ 2)
(N-yleld of grmes, kg/ha)
Cuttings H-yleld
Grass-legume Totsd .
mixtures 1 11 m I v VI viI VIl I X x1 i
Mar.1971 May July Sep. Nov, Jan,1972 Mar, May July  Sep. liov.,

DH-2/C.mugonoides 43.86 196.73 140.40 90.93 54.16 96.75 65.84 72.73 124.5% 170.19 164.40  1220.54  665.75
DH-2/G.pubesgens 38,93 136,01 98,89 54.28 23.49 61,36 51,34 56.3% 94.87 115.48 130,86 861.86  470.10
DH~-2/G.jevanica 37.59 143.55 135.61 71.07  29.0T 70.9% 55.15 62.07 90,76 131.97 129.72 951.49 518.99
DH~2/L.purpureus 35.87 148.46 142,01 96.15 59.31 89.46 63,20 69.43 173.24 176.15 160.77  1214.05  662.21

Mean 39.06 156.19 129,23 78.11 40,01 79.62 58.88 65.14 120.85 148.45 146.44 -
Inoculated 47.80 181.29 152.83 103.72 60,27 . 111,98 67.95 72.90 138.29 170.33 169.09  1276.43  693.23
Uninoculated 30.32 131.09 105.63 52.50 47.27 9.84 57.37 103.42 126.56 123.79 847.54  462.30

Mean 39.06 156.19 12923 78.11 2 146.44 -

DH-2/DH~-2 (pure grass

stand) 14.11 54.10  50/.43 368.26  200.87
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Table 11(b)

Nitrogen contribution of h’-. to the mssociated grass (Pleld experiment -2) (N-yleld of grass, kg/ba)

Cuttings N-yiela :I”a-

B-tizat.
Grass-legumne otal Sy is
nixtures z 2 e 2iim
IT 11 v ¥ ¥I VAL AR % X1 . rhise  tiem
War.1971 Vay ~ July Sep, Nov. Jan.1972 Mar. May July Sep.  Nov. : Ma
Inogulsted 3 o
VH=2/¢ .mugopoides 53.62 221,00 160.29 12889 89.70 133.25 69.87 77.41 146.25 193.89 175.04 1449.41 790.59 - 9,66
-2/ . pubesgens 48,67 175.38 124.50 66|06 26.84 89.42 58.93 RS A3y 243,07 TSRS 8499 - oy
Di~2/. javanics 47.24 163.08 157.25 91|63 29 09 14567 62491 -
DH~2 [k purpureus 41.48 165.66 169.27 12810 - 24443

Uninooulsted
OH-2/Q . mug opolaes 53.91
DH-2/G. pubesoens 29.19
i-2/§. Javanios 21.93
-2 /. QUZRATIUS 30.26

e 78442

172.47 120,51 340.06
96.65 73.29 bt
124.02 113.97 ~ ..
131.24 114,75 » : 54 I




DISCUSSION



V. DISCUSSICH

The role of legumes in adding symbiotically fixed
nitrogen to the s0il/plant system is not easy t0 assess
though much'cf'£he so0il N might result from such fixation,

In the present st;diee, attenpts were made to sssess the
acerual. of symbiotically fixed ¥ to the érass in grass-legume

association by measuring the recovery of N in grass tops.

Both dry matter and green weight yields of grass
grbwn in associgtion with inoculated and uninocculated tropical |
sPecies of legumes were determined over a period of time in
cutting trials, Pure gréss stand served as a control asnd
N recovered in tops represented the soil X, Nitrogen
recovered in gress tops in the grasé-legume mixtures repre-
sented the symbioticelly fixed N (inoculated and uninocculated)
"and soil N,  The data on legume N fixation in these studies
ere only approximations because, non symbiotically fixed X,

N aceruing to the soil through preéipitation, irrigation

water ete., are not easi}y measurable.

In the present study, the identity of the rhizobial
isolates were made thréugh series of biochemiesgl, physio-
logical end cultural tests. Identification through gerolo=-
gical methods were attempted but they were not sucsessful
because of poor titres of anfisera obtained. The identity
of the organisms were'however conélusively established in
Leonard's bottle Jar aeéémbly method on respective host

legumss.,
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The isolates were able to form nodules both on tap
root and on lateral roots. Nodules formed in Mimosa invisa

were finger like clusters and others were spherical with

smooth or rough surface.

Cross-inoculation studies indicated that the isolate
from Centroseme pubescens alone was host specific.  The
other legumes could be easily nodulated by all the isolates.
This is in agreemen t with the reports of Bowen (1958 and
1959a) who also observed C.pubescens t0 be highly specific

in its bacterial requirement.

Comparable estimgtes of N=fixation and transfer to
hybrid grass of the type used in the present studies have
ﬁot been made with tropical legumes. The grasses on which
nuch of the work.is reported, belong to short statured
grasses like paragrass, pangola grasé,'thin napier and Sudaen
grass., For instance, Vhitney and Green (1969a) have
obgerved ° dry matter yields of 3.78 t/ha/year in pure
gress stand, 5.08 t/ha/year in grass with uninoculated
legume and 5.46 t/ha/year in graés with inoculated legumes

in Pangole grass/Desmodium cenum and D.intortum mixtures,

Likewise, Kretschmer (1970)Ihas reported an average grass
yield of 5.24 t/ha/year in pure pangole grass stand,

9.49 and 9.44 t/ha/yeaf in pangola grass with C.pubescens
and Glycine javanica, respectively. These yields of
grass are not comparable to 70 to 214 t/ha/year yields
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.0f hybrid grass obtained in the present studies with

hybrid grass—légume mixtures.

Dharwer hybrid-2 grass used in this study was
evolved in the year 1966 by effecting cross between

elephant grass (Pennisetum Eurpufeum) and cultivated

bajra cultivar Golgeri—l'(Pennisethm typhoides). It is

more nutritious. It tillers extensively and is easier

to propagate. - It is very vigorously growing type and
responds to irrigation and mineral nitrogen application.

It is known for its heavy yie}ds especislly under adeguate
irrigation aﬁd fertilizer application. As much as.475
t/ha/year of green matter can be expected with application
of 180 kg N, 90 kg PZOS and 50 kg K,0 per hectare (personal
communication, P.C.Hiremath, Agrostologist, Regionel

Research Station, Dharwar-5).

In the year of estahlishment, yields in the first
cutting were uniformly low with all the grass-legume
mixtures and the pure grass stand. Here again, the grass

associated with Mimosa invise reached a peak production

during the third cutting and with other legumes during
the fourth aﬁd subsequent cuttings. In all the mixtures

there was a gradual decline after reaching pesk production.

These fluctuations in ylelds were related +0 seasonal

changes in temperature.,  CGreen weight of the grass
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increased with the increase in mean temperature. Grass
yield was higher during late summer and esrly monsoon and
decressed during late monsoon and winter when the mean
témperatures were usually low (table 5d). In pot culture
studies, the graés yield in association with the inoculated
and uninoculated legumes as well as pure grsss stend increa-
sed with inecresse in'temperature. April.and June euttinés |
. gave the highest green weight of grass followed by August
cutting. Green yields of December end Februery cuttings
were lower (table 5b). Mean temperatures during April and
June, 1972 were highey (25.35 and 26.55°C, respectively)

then during December, 1971 (18.95°C), February (22.55°C) and
August, 1972 (25.55°C) (teble 53)., This relétionship
between grass yields and mean temperatures indicated seasonal
effect on gress gfpwth. ‘In ﬁncultivated field (Field experi-
ment - i) trial, yields were higher in cuttings made during'
June and August followeé by October and December, while they
were lowest during February and April. This indicated thet
higher temperatureskcaused better forage production. Simi-
larly, in cultiveted field triel (Field experiment - 2) the
yileld increased with the increase in temperature during first
year. The ylelds were higher during Mey and July (Second
and third bﬁffing) as compared 10 September and Januery
(fourth and sixth cuttings)., The yields reached a maximum
after four months of planting end thereafter they fluctuated
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‘depending upon the temperaturés prevailing during that
period. This observetion is in conformity with the

- findings of Vincent-Chendler et al. (1953), Whitney (1969)
and Whitney and Green (1969a) who also ohserved an dincrease

in yield with increasse in mean temperatures.

This~relationship between increase in tempefature and
increase ih yield obserﬁed in the first year of the experi-
ment wes absent'during the gecond year. Such phenomenon
was also noted by Whiteman and Lulham (1969). However,
fluetuations in per cubting yields of the gress during the
second year were not correlated with seasonaiAchanges.
Compared with first year, second year per cutting yields
were by and large higher with few exceptions. The reason
for this is unknown at the moment. It was however, likely
that there was build-up of fertility during the second year
due'to defoliation and decay of dead 1§aves, gtems and roots
-of the legumes and this could have been responsible for

fairly uniform higher yields during the second year.

In pot oulture studies, grass assoclated with M.invisa
gave the higheét gréen yield (132.84 t/ha/yearj, while the
'gréen weight of pure ~grass stand was the lowest (55{28 t/ha/
year). The yield of grass with cther legumes was inter—

mediate (107.42 to 123.28 t/ha/yezar). Under uncultivated

Tield condition Cslopogonium muconcides yielded the highest
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green weight (172.11 t/ha/year) and the least with D.
phaseoloides (150.57 t/ha/year). Grass yield was con-
siderably lower in pure grass stand (73.11 t/ha/year) as
compared tq grass-legume mixtures. Howevér, grass with
Lableb purpureus and C.muconoides yielded higher green
weight (186.60 and 174.15 t/ha/year, respectively) than the
pure grass stand (70.25 t/ha/year).

Grass yields in different grass-legume associations
were comparatively lower in pot culture studles as compared
to field trials (field experiments 1 and 2). This might be
due to0 the restricted growth of roots and shorter duration

of the eXperimént.

Green weight increased significantly. to fhe extegt\of
T2 per cent in pot culture studies and 97 to 101 per ceﬁ$ in
field trials by mere inclusion of legumes in the grass mixture
as compared to pure grass stand. Whitney and Greeﬁ (1969a)
have reported an increased grass yield of 34 per cent when

the Desmodium canum and D.intortum were grown with Pangola

grass as compared 0 pure grsss stand. Kretschmer (1970)
have also reported an'increased grass yield of 77 per cent
ih‘Pangola grags grown in association with twelve tropical

legumes as compared to pure grass stand.

The inclusion of inoculated legumes increased green

weight by 52 per cent in pot culture studies and 22 to 31
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per cent in field trimls as compared to'grass with un- -
inoeulafed legumes. This is in conformity with the results
obtained by Whitney and Green (1969a) wherein they have also
observed an increase in yield of the assoclated grass Qith

inoculated legumes referred sbove.

Again among the incculated trisls the response o
inoculation was marked in field trials then in pot culture
studies,  However, in the uninoculated trials the yields
in the uninoculated conditions were supérior in the field
conditions to the corresponding ylelds under pot culture
conditions, This might be due 10 better nodulation in field

grown legumes by native rhizobia,

Although grass grown with M.invisa gave the highest
response in pot culture, it was not inciuded in field experi-
ments hence response t0 inoculation or nodulation by native
rhizobia could not be assessed for this legume under field
condition, L.purgureﬁé and gress mixture responded better
+0 inoculation and was well nodulated by native rhizobia in

field experiment as compared to pot culture studies,

Nitrogen fixation due to Rhizobium inoculation varied
markedly in different grass~legume mixtures. Nitrogen
fixation inereassed with Rhizobium incculation. N fixation

was higher in Rhizobium inoculated C.muconoides-gress mixtures

in 211 the three experiments as compared to other mixtures.
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In po?ctﬂture c"‘.;ud‘ie‘s, C.muconoides fixed more

'y
rltrogen (489.:72 kg /ha/year) followed by G.javanica
(371 89 kg/ha/year) and the lowest was in grass with

' D bifﬁoru@ (161.48 kg/ha/year). The probable reason for

" the low fixation of N in case of D.biflorus magy be due to

’ /"

\&he i&drter perlod of growth and resowing.

’

In field trials, C.muconoides fixed relatively higher

(/ M ~ «
//ﬁitIOgen (242.73 t0.249.66 kg/ha/year) than L.purpureus

(244.41 kg/ha/year) and C.pubescens (229,77 kg/ha/year)

while G, Javgnlca fized the 1owest among the 1egumes tried

(211.84 *o ?3?.20\kg/ha/year) Simllar/véfigfions “have héen
~ - -

/ . .
observed in capacity“af leganes to fix nitroméh (80-264 E§£//
ha/year ) by Whitney and Green (19693) i fﬁéir studies on
inoculated and unlnoculated D. canum and D intortum with

Pangola grass,

Nitrogen yield and crude protein yield varied
markedly smong different grass-legume.mixtures. N-yield
incregsed with the inoculation of +the associated legumes
with respective straing of Rhizobium. Among the different
mixtures, grass with g.muconoides'yielded more N in all

the three trials.,

Nitrogen fixation due 40 native rhizobis varied
mgrkedly smong the mixtures in all the three studies. In

pot culture studies, nitrogen fixation due to native rhizdbis
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was maximum in grass with Mimosa invisa (238.59 kg/ha/

year) and wes comparatively lower in G.javanics (113.97
kg/ha/year).’ The N-fixation in other grass-legume
mixtures veried in between. The N-~fixation que to native
rhizobia was less in pot culture studies as'éompared to
field triels. This was perhaps due to low netive rhizo-
bial population and restricted volume of the soil used in
the experiment. 'The N-fixation due to native rhizobis
in uncultivated land was meximum in C.muconoides (269.03
kg/ha/year) as compared to grass grown with G.javanica or
B.phaseoloides (192.76 to 209.6% kg/ha/yeer). Similarly,
in éultivated.field trial (field experiment-2), nitrogen
fixation wes .agein more in grass grown with §.muconoides
(340,06 kg/ha/year), closely followed by L.purpureus/grass
mixture (339.14 keg/ha/yesr) and was the lowest in C.
pubescens/grass mixture (154.35 kg/ha/year). Between two
field trials, N-fization was meximum in cultivated field.
This might be due t0 thée presence of more native rhizobial
poPuiation as a éonsequenbe of earlier leguminous crop
particularly inoculated soybean, The probeble reason for
_the low fixation of N due to native rhizobia in case of
C.pubescens may be due t0 its specific bacterial require-
ment., In uncultivated land, no legumes were grown previous
to the experiment and henee N-fixed was low probably due t0

the presence of inadequate and non-specific native rhizobie.
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Nevertheless, the legumes exhibited wider range of

fixing nitrogen through nodulation by native rhizobia.

Studies carried out in India have been on grasses
with uninoculated legumes. ' For instance, Singh et al.
(1968) have reported that grass grown alone gave an
average yields of 63.9 t0 97.7 ke/ha/year in unfertilized

plots whereas, grass (Pennisetum polystachyon) grown with

uninoculated Stylosanthes gracilis and Centrosema pubescens

yielded 64.5 and 92.3 kg/ha/year, respectively. In the :
second year the grass/Centro mixture yielded more than the
pure grass stand. Chatterjee et al. (1969) have also

reported that, when Heteropogon contortus/Stylosanthes

humilis grown in mixturé yielded 19.5 t/ha/year as compared
to the pure grass stand (15.6 t/ha/year). No published
work in India is avallable on hybrid grasses grown as
mixtures with legumes, The yield increases noted by these
workers did not go beyond 20 t/ha/year. The results
ocbtained in these studies indicated a large potential for
increasing grass yields through growing them as mixtures
with a variety of tropical forage legumes and through
inoculation of assoclated legume with efficient strains

"of rhizobia.

Purther, the results indicated the possibility of

developing an integrated system of use of symbiotically
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fixed nitrogen and fertilizer nitrogen. Further studies
on this line might lead to large redﬁction in the quantity
of fertiliger nitrogen, yet keeping the same high yieids
obtainable with fertilizer nitrogen application slone.

Troplcal goils are known to harbour s large variety
of rhizobis with low symbiotic efficienéy and this requires
further studies on the symbibtic response of sown forage
legumes to0 inoculation with highly efficient strains of
rhizobia and the studles on saprophytie oompeﬁence of
inogulant étrains of rhizobia under o wide variety of

ecological situations obtainable in the country.
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VI. SUMMARY
Ability of legume Rhizobium symbiosis to add ¥
t0 the so0il/plant system in Indian Agriculture hes been
made use of traditionally by growing legumes in rotation -
with cereal crops ang as green manureé.~ In these
practices assumption has all along been that nodulation
and nitrogen fixation by native rhizobia were adequéﬁe

t0 provide the needed nitrogen.

In the present studies, nitrogen contribution of
seven forage legumes t0 the associated grass both under
inoculated and uninoculated condition was assessed. The
nitrogen transference from legumes t0 asscciated grass
was determined using the growth of the grass in pot culture

and field trials.

0f the seven legunmes 6nly‘§.pubescens appeared to
have specific rﬁizobial réquirement and othera could be

cross inoculated by each other ' rhizobial isolates.

In pot culture studies, green weights of grass in
.agsociation with the legﬁmes were significantly higher than
that of pure grass stand and those of the Rhizcbium inocu-
lated legumes were superior to the uninoculated legumes.
Inclusion of legumes in various mixtures increased the
green weight of the grass by 72 per cent as compared to

pure grass stand (55.28 t/ha/year). Green weight of grass
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inereased by 52 per cent in the inoculated grass/legﬁme
mixtures over that in the uninoculated grass~legume
mixtures. There were marked variations in the yield of
grass with different legumes. Association of legumes

like (.mugonoides, C.pubescens, D.biflorus and M.invisa

gave better yield of grass as compared to the association

of grass with G.javanica, P.phaseoloides or L.purpureus.
The grass yield increased linearly upto the fourth cutting

in majority of the 1egumes and then declined.

Under uncultivated field condition, the grass was

studied in association with three legumes namely;g.'

muconoides, G.javanics and P.phaseoloides under inoculated
and uninoculated conditions over a period'bf one year.
The green weight of the grass was consistently higher in
grass legume mixtures over that of pure grass staﬁd.
Significantly better yields of grass were recorded with
Rhizobium inoculated legumes as compared to those with
uninoculated legumes. Inclusion of legumes in various
mixtures increased the green weight of. the grass by .97
per cent as compared to pure grass stend (73.11 t/ha/year).
Green weight of the grass increased by 22 per cent in the
inoculated grass-legume mixtures as compared to gress with
uninoculated legumes (144.34 t/ha/year). Among the legumes,
G.javenics and C.muconoides were found to be supérior to

P.phaseoloides in nitrogen transfer., The green weight of
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the grass increased progressively upto the fourth cutting

in G.javenica and C.muconoides grass mixtures while in

P.phaseoloideg/grass mixture the yield increased upto third

cutting and there-after it deelined.

Under cultivated field trial, the grass was studied
in association with four legumes namely Q_.muconoides, G.
pubescens, G.javanica and L.purpureus with and without
inoculstion ovér a period of two years. The grass production
was signhificantly higher in grass~legume mixtures than in
pure grass stand. Better yields of grass Wére recorded in
inoculated legume-grass mixtures as compafed +o uninoculated
- legume -~ grass mixtures. Tbe inclusion of 1egumeé in
various mixtures increased the green weight of the grass by
101 per cent as compared to0 pure grass stand (70.25 t/he/
yeer), Green weight of grass was increased by 31 per cent
by inoculating the legumes with Rhizobium as compared to
gross with uninoculated legumes (141.38 t/he/year).  Among
the legumes, C.muconoides and L.purpureus were supericr to:
other grass—legume mixtures. The gréés yields reached a
peak in the second cutting, then declined upto fifth cutting

and once again progressively increased upto tenth cutting.‘

The nitrogen content and crude protein of the grass

in associmtion with the legumes under pot culture studies
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were significantly higher than the pure grass stand.
Neyield and crude protein of the grass grown in agsso-
clation with te inoculated legumes were significantly

more than those of grass grown with uninoculated legumes.

Nitrogen fixation due to Rpizobium indculation
varied markedly in different grass-legume mixtures.
Nefixation was higher in‘Rhizébium inoculated C.muconoigdes-
grass mi#tuie in ail the tﬁree experiments a® éompared t0

other mixtures.. In pot culture studies, C.muconoides

fixed more nitrogen (489.72 kg/ha/year), follbwed by
G.javanica (371.89 kg/ha/year) and -the lowest was in grass
with D.biflorus (161.48 kg/ha/year). VWhile in field
triels, C.muconoides fixed relatively higher N (242.73 to
249.66 kg/ha/year) then L.purpureug (244.41 kg/ha/yesr)
and C.pubescens (229.77 kg/ha/year), and the lowest was
with G.javanica (211.84 t0 230.26 kg/ha/year).

The results indicated the possibility of obtaihing |
adequate yields of grass without reéorting t0 nitrogen
fertilizer application, '~ However, these yields were not
comparable to the high yields obtainable with nitrogen
fertilizer application,
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