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INTRODUCTION

In a recent article entitled 'challenges ahead -
Time for new orientation', Dr, M.S. Swaminathan, eminent
agrrcultural scientist has stressed the importance of
accepting a hew concept of 'Land saving Crop Husbandry
and grain saving animal husbandry' for the future development
of agriculture in India (The Hindu-Survey of Indian Agriculture,
1988). According to ham, for an estimated live stock
population of over 608 million anmimals in our country,
about 700 maillion tomnes of fodder will have to be produced
annually by the year 2000. Besides, 200 million tonnes of
fuel wood per year will also be required. Hence, our need
for fodder and fuel which will be substantial in the coming
years will not be solely met by present sources or methods

of production using traditional or improved plant varieties.

The situation regarding fodder and fuel requirement
in Kerala 1s also not different from rest of the country.
One of the major constraints in taking up large scale fodder
cultivation in the State 1s the non availability of land
exclusively for this purpose., Districts like Idukki, Calicut
and Cannanore have comparatively larger grazing area but in
other places, chances for cultivating fodder as a pure crop

are very much limited.



The wade spread destruction of forest vegetation erther

for human habitation or for monoculture of trees for
1ndustrial purpose has led to the shortage of natural fuel,
What we need today 1s a quack growing and efflcient biromass
producing plant., Subabul (Leucaena leucocephallg) appears
%o be a swrtable crop for this purpose, In Indra, this
plant is meinly popularased by Bharathiya Agro Industries
Foundation, Pune and in Kerala by the Gandhi Smarak Nidh,
Travandrum. It 1s a versatile tropical leguminous tree that
can be used both as a protein rich fodder and a perennial
source of natural fuel. Or_gindlly the plant is a native of

Centrel fmerica and later it spread to other countries,

Subatul belongs to family Leguminosae and sub famly
Mamosoideae, Its root system i1s fastgrowing and capable of
penetrating even deeper layers of soll, However, for estage
blishing this crop 1n acid soils, a condition prevalling

in most part of Kerala, liming and inoculation with
appropriate Rhizobium culture are often hecessary, The

use of VA mycorrhiza 1s also found beneficial in sych s01l
because of the generally P fixiong and P deficient natupe of
acidic sorl and the lack of adequate root hairs for efficient
absorption of nutrients in subabul (Munns ang Mosse, 1980),
But the development of a switable Strain of Rhizobium for
this crop and a study on the nature and benefit of mycorrhizal



assocration are yet to be done in Kerala, It is therefore,

with these objectives, the present investigation on

*Symbiosis by Rhazobium|and VA mycorrhiza in subabul'! was
carried out at Kerala Agricultural University with following

technical programme,

1.

3.

4,

5.

Survey for the occurrence of nabtural nodulation and
VA mycorrhizal infection in subabul in four distracts
namely Idukki, Palghat, Trichur and Trivandrum,

Isolation, characterisation and screenlng of native
Rhizobium and VA mycorrhiza for efficiency under pot

culture conditions,

Fine structure studies of root nodule and V4 mycorrhizal

infection in subabul,

Development of a suitable technology for dual 1noculation
with Rhuzoblum and VA mycorrhiza fop large scale

bropogation,

Study the combined effect
S of Rhlzobium, Vi mycorrhizg

and fertilizer application on growth angd

forage yielqd
under field conditions,
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REVIEW OF LITERATURL

Subabul (Leucaena leucocephala (Lam, de Wit) grows

mainly in tropical and sub tropical countries upto an
elevation of about 500m, It is capable of withstanding
large variations in rainfall, temperature, wind and
drought., However, maximum growth is obtained in deep
and fertile soils with an annual rainfall of 600 to

1700 m (Farinas, 1951). The plant is characterised by
a well developed and deep tap root system capable of even
breaking impervious layers of soll in the sub horizons
(Gray, 1968), Neutral to slightly alkaline soils are
generally considered as best suited for growth (National
Academy of Sciences, 1977),

Rhizobium inoculation is often essential for an
efficient symblotic fixation of nitrogen by legumes
especially In soils where efficient native Rhizobium
strains are either absent or present only in low numbers
(Alexander, 1961 and Date, 1970), Chhonkar end Negi
(1971) evaluated the response of soybean to inoculation
with different strains of Rhizobium in rhizobia free
soil and discovered that seed inoculation increased
inereased the dry weight as well as the yield of plant,
Sabu and Behera (1972) found that the application of
Rhaozobium to growndnut increased the grain yield as well
as the nitrogen content of shoot, root amd grains,



Bajpal et gl. (1974) reported a 21 per cent increase in
the yield of unshelled groundnut due to Rhizobium
inoculation, Tripathi et al, (1975) fownd that
Rhizobium inoculation alone increased the dry weight
and yield in bengal gram by 18 and 25 per cent
regpectively, Ral et al. (1977) has also reported am
yield increase in bengal gram due to Rhizobium inocu=-
lation., However, they did not get any correlation
between yield and b number of nodules formed and the dry
weight of nodules, Ramachandran{1979) screened 12
rhizobial strains for nodulation efficiency in cowpea
and found that strain S10 and S17 were more effective
than others, Nodule number, nodule dry weight and fresh
and dry eights of shoot were significantly increased

with these strains,

Santhanakrishnan et al. (1980) studied the relative
performance of 11 strains of rhizobla from Leucaena
leucocephala and found that the number of nodules produced
by different strains varied considerably, Trinnick
(1980) reported the fast growing nature of subabul
Rhizobium and found that it could cross inoculate with
other plant speclies that have fast growing rhizobia like

Mimosa invisia, M. pudica, Acacla farnesiana, Sesbamia

grandiflora and Calliandra callothyrsus, Similar results




were also reported by Halliday and Somasegaran (1983),
However, Basavaraju and Hegde (1983) reported that
subabul rhizobia, were ineffective for seratro, leucerne,

soybean, common bean, pea, groundnut and cowpea,

Moreno - Duiros et al, (1983) tested 24 rhizobial
strains against subabul in Mexico. Among them, nine
strains were found effective, Rest were found to be
ineffective and few strains tested did not even form
root nodules, Pahwa (1987) compared the relative effie
ciency of three rhizobial strains alone and in combi=
nation in subabul variety 28 and found that on €60 day,
single strain inoculation increased the forage yleld from
6 to 21 per cent while the multiple strain inoculation
enhanced the yield by 24 to 37 per cent, Nodulation and
fresh and dry matter yleld were also higher in the above
treatment,

Pathak and Patil (1980) reported a forage yleld of 1.94
kg/tree from cumingham variety of subabul planted in
8ingle row with a spacing of 2m x 0.75m after four years
of plant growth while the variety X8 plented with a
density of 5000 trees/ha yielded 7,5 tonnes/ha after ome
and a half years of planting, The leaf forage usually
contain 83,4 per cent dry matter, 24,2 per cent crude



protein, 13,3 per cent crule fibre, 10,8 per cent ash,
1,98 per cent calcium, 0.27 pe1 cent phosphorus and
19,7 per cent digestible protein (Intemationel
consultation on ipil-ipil research, 1976).

Role of VA mycorrhiza in host nutrition

VA mycorrhiza occur in many dlverse ecological
conditions such as sand dunes (Khan, 1974) Suttom and
Sheppard, (1976), coal mines (Khan, 1978) and agquatic
environments (Sondergaird and Laegard, 1977). The
presence of thlis beneficial fungal assoclation in a vide
variety of cultivated crops and trees of Kerala has been
reported by Potty (1978) in tuber crops, Sivaprasad et
al, (1983) in cocoa, Sulochana and Nair, (1985) in
cassava, Girija and Nair (1985) in many vegetables
Giriga and Nair (1988) in banana varities and Nair and
Giriga (1988) i1n many tree cropse.

It is now well established that the uptake of
phosphorus by host plant is greatly favoured by VA
mycorrhizal infection, The uptake of phosphorus and
other nutrient elements by VAM infected plants were flrst
studied by Mosse (1957). She reported that mycorrhizal
apple absorbed more P,X, Fe and Cu than non mycorrhizal
plants. Work done by Baylis (1959) confirmed the above
observations, In a study, Gray and Gerdemann (1969)



mycorrhiza in natural ecosystem sere not regularly
correlated with the abundance of VAM root infections.
A positive correlation between spore number in soil
and mycorrhizal development and between the extent of
root 1nfection and increased plant growth in maize was
reported by Khan (1972).

Gray and Gerdemann (1973) studied the effect of VA
mycorrhiza on S uptake and observed an increased uptake
of 535 by mycorrhizal red clover and maize, In a
comparative yield evaluation study of mycorrhizal soybeen
with non mycorrhizal soybean by Ross and Gilliam (1973)
in P deficient soil fertilised wath various P sources,
the mycorrhizal plants recorded increased yield of the
order of 79, 53 and 53 per cent when both the plants were
fertilized with Al, Fe or rock phosphate respectively,
More absorption of Zn and P from fumigated soil was
noticed by La Rue et al. (1975) in mycorrhizal peach,
Koucheki and Read (1976) reported greater accumulation
of phosphorus in plents growm in irradiated soils with

mycorrhizal association,

Sanni (1976) got a positive correlation between VA
mycorrhizal infection and the amount of phosphorus and

nitrogen in the tissues of cowpea, tomato and maize, A



higher percent of nitrogen and phosphorus in mycorrhizal
Medicago sativa was also notlced by Smith and Daft (1977)
at the time of harvest, Barrow et al. (1977) tested the
ability of VA mycorrhiza in helping the plants to take

up fixed soil phosphate using an in vitro technique,

They found that inoculation with VAM endophytes more

than doubled the avallability of phosphate tut the improve=
ment was not more for firmly held phosphate when compared
to freshly added phosphate, Fowell and Jeannette (1978)
demonstrated that naura rock phosphate was available to
mycorrhizal clover and rye grass grown in sterlized soil

but unavallable to nonmycorrhizal plants.

Increased concentration of P and Zn in mycorrhiza
inoculated cowpea, cotton and finger millet was also
reported by Bagyara] and Manjunath (1980), However, the
Mn content of these plants did not show any significant
difference, Yost and Fox (1982) showed that cowpea and
soybean grown on non-fumigated soils with soil P levels
below 0,025 to 0.05 mg/lit contained higher K and Ca
percent than plants grown in fumigated soil, A compariscin
was made by Jensen (1982) on the effectiveness of four
mycorrhizal fungi on mutrient uptake by barley. Plants
lnoculated with Glomug congtrictum and G. fasciculgtum



showed an increased total uptake of P, Cu and Zn, In

a study on drought tolerance of douglas fir seedlings,
Parke et al,(1983) and Safir and Nelsen (1985) showed
that water uptake was greatly increased in mycorrhizal
plants and the plant's physiology was changed to reduce
the stress due to soil drought, Meyer end lLinderman
(1986) reported an increase in VAM colonisation in sube
terranean clover as a result of dual inoculation with

VAM fungus and a bacterium Pseudomonas putida,

Baltruschat (1987) applied expanded clay particles
containing spores of Glomus etunlicatum directly into

or alongside the seed row at the time of sowing maize
seeds with or without P fertilisation. He found that
application of VAM inoculum directly into seed row with
P fertalisation promoted better mycorrhizal infection
and enhanced biomass production at 3=5 leaf stage, Hall
(1987) stressed the importance of VA mycorrhizal inocue
lation in replacing costly fertilizer application to
pastures. Smith (1988) reported that with few exceptions,
the pramary effects of mycorrhisal symbiosis on host
pathogen relationship was intimately related to P
nutraition, The multifold beneficial effects of VA
mycorrhiza in red soil which 1s generally deficient in
phosphorus has been recently stressed by Bagyaraj (1989).



pH tolerance of Bhizobium

Albrecht (1933) noted that nodulation in soybean
failed at pH values of 5.0 and less., Rajagopalan
(1938) 1n his study on the root nodule bacteria of
groundnut, found that out of the six rhizobial 1soclates
tested, two showed good growth between pH 4,0 and 9,0
while others showed growth only bhetween pH 5.5 and 8,5,
Muthusamy (1970) determined the pH tolerance of four
isolates of Rhizobium of groundnut in YIM broth with
varyang pH ranging from 4,0 to 10,0, Among the four iso-
lates, only one isolate showed good growth between pH
4,0 to pH 10.0. All other isolates were able to grow
only between pH 4,5 to 10.0., Van Schreven (1972) studied
the relation between tolerance to low pH amd symbiotic
effectiveness of Rhizobium trifelii. Three R, trifolll

strains were repeatedly subcultured on agar medium of

pH values renging from 3,7 to 7.0, The symblotic
effectiveness of the isolates after frequent subculture

on these pH was estimated by inoculation of asceptic
seedlings of white clover in Jensen's medium, He found
that the number of nodules formed, and the effectiveness
of some strains seemed to be affected by growing, Rhizobium

for a long period at low pH,



Yadav and Vyas (1973) found that the optimum pH
for growth of groundnut Rhizoblum was in the range of
5.0 t0 7.0, None of the Rhizobium strains were inhibited
at pH 10.0 vhile low pH of 3,0 and 4,0 were lethel for
all the strains testeds A study involving five tropical
legumes, five temperate legumes and Medlcago sativa by

Andrew (1976) revealed that nodulation and growth were

strongly cantrolled by pH, Macroptilium lathyroides and
Lotononis bainesii showed 100 percent nodulation at pH

4,0 where as Medicago sativa, M. trunculata, M. Bcutellata

and Glycine waightii achieved this level of nodulation
only at pH 6.0 in the presence of high amownt of calcium,
In general, the legumes exhibited a marked decline in
the level of nodulation below pH 5.0,

Pandher and Kahlon (1978) reported an adverse effect

of low pH an growth of Rbizobium leguminosarum from pea

(Pisum sativum L), None of the strains tested showed
any growth at pH 3,0, Good growth of the strains was
noticed only between pH 6.5 to 8.0. Lvans et al, (1980)
conducted experiments to measure the effect of pH of the
nutrient medium on symbiotic nitrogen fixatiom by

Rhizobium leguminosarum and Pisum sativum, Both the

bacterial growth and root development were adequate
at all pH levels from 4,4 to 6,6, But efficlent nodu-
lation and naitrogen fixation did not occur at pH 4,8 and



below. Barber (1980) tested the growth of Rhizobium
meliloti in media adjusted to pH values ranging
from 4,5 to 6.5 and observed that the number of
bacterial cells were greater with increase in pH of

the nutrient medium, In an in yitro study on the

effect of different levels of pH on the growth of various
isolates of cowpea rhizobia from Kerala, Nair and
Sivaprasad (1981) found that native isolates were more
tolerant to low pH of 4,5 when compared to exotic
1solates of rhizoblia, Ahmad and Ng (1981) found that

the critical pH level for the establishment of subabul
was between 4,45 and 4,7 belovw which the specles

did not establish satisfactorly. Further they reported
a growth variation in two year old subabul plants due to
changes in soil pH and Rhizobium population, Plants

were 'Good' at pH 4.85 with a rhizobial population of
5.8 x 10° and 'Bad® at pH 4,4 with a rhizobial population
of 2.4 x 10%.

Halliday (1981) made an important observation that
unlike many tropical legumes, the primary reasons for the
poor adaptation of subabul in acidic soil vas its in-
ability to tolerate such soil conditions. He further



stressed the importance to select base exuding rhizobia

as a ke’} to alleviate the acid soil stress on subabule
Rhizobium symbiosis. Hls experiments revealed that

most Leucaena rhizobia were wmable to multiply at acid

pH eventhough some strains grew well at a wide pH

range of 4,5 to 8.5, However, such strasans usually
constituted only less than 5 percent of the total isolates
of Rhizobium from subabul.

Hu et al, (1981) studied the growth and nutrient
levels of subabul in response to lime and phosphorus
application in soils of pH 4.7, 6, 7 and 8, They found
that the growth of subabul and nutrient uptake were
increased with increasing soil pH upto 8 Dutt and
Urmla Pathania (1983) added gypsum and sulphur to am
alkaline soil of pH 8.4 at the rate of 5 g and 10 g per
Kg of soil to reduce the pll, They reported that use of
gypsum and sulphur to lower the soil pH increased
nodulation and growth of subabul. The combined effects
of liming and rhizobial inoculation in subabul was also
tested by Young et al. (1983). They used Rhizobium
strains TAL 82, TAL 1145 and TAL 582 and spplied lime
at the rate of 5, 10 and 15 kg/ha which increased the
soil pH from 5,46 to 7.12, 7.14 and 7.33 respectively.
It was fomd that liming considerably increased nodule
eight and plant dry weight after 110 days., De la Garza



et al, (1987) evaluated the effect of Rhizoblum strains,
phosphorus and soil type on nodulation and growth of
subabul. They found that it was advantageous to grow
subabul with effective rhizobial strains under adequate
phosphorus fertilisation but vdthout added nitrogen in

low and medium fertile soils,

Serologlical characterisation of Rhizobium

Zipfel (1912), furst studied the serology of root
nodule bacteria., He reported a relation between the
Rhizobium of Pisum sativum and Phaseolus vulgaris.
Later Klimmer and Kruger (1914) divided 18 cultures from

different legums into nine serogroups using agglutination
zest and concluded that rhizobia isolated from different
species of plants were serologically distinect but related
strains, Stevens (1923) made a significant observation
on 'Serogroups! within a species, Even more important
was his finding that nodules from a single plant could
contain rhaizobia belonging to distinct serological groups
which may be related or unrelated to each other, Bushnell
and Sarles (1939) reported three distinct compenents of
antigenic complex, first in heat washed cells, second
with flagella and third with cell surface and or its
associated polysaccharides, Vincent (1941) was first to
make use of this information in grouping rhizobial isolates.
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Koomtz and Faber (1961) studied the somatic antlgens
o

ied
of 23 strams of Rhizobium japonicum and dlassif

Johnson and Meens (1964)
dules obtained from soybean

them into six groups,
serotyped large number of no

plants grown in different soils from Iowa, Maryland,

d
Misslssipl and South Carolina. The results indicate
Ehi zobiun

that the kind and abundance of serogroups of Rhi
jap four states,
dules differed in each of the
aponicum in no

Dudman (1964) employed the gel {muno-diffusion
technique for rhizoblal strain identification., He
suggested that seversl antigens could be recognised
simultaneously by this teclmique according to the position
of precipitated bands, Employing a rapid agglutination
test, Damirgi et al, (1967) distinguished several sero=
growps of Rhizobium japonicum by using homogenised nodule

suspension as antigens, Vineent and Humphrey (1970)
fowmd two internal antigens common to eighteen Rhizobium
leguminosarum strains, Hosever, they could not detect the
same antigens in nine slow=gro ang cultures of Rhizobium,
Charudattan and Hubbel (1973) using agar-gel double
diffusion technique compared soluble antigents of three

Rhizobium species with those of elght legumes representing

compatible and non compatible hosts, Cross reactive

antigens were found between all the legume hosts and
three rhizobia,



Bohlool and Schmidt (1973) while studying the
persistence and competition of a strain of Rhizobiund
Japonicum in three non sterile soils using lnmunoflo-
uresent technique reported that competition of the added
R. japonicum with indigenous soybean rhizobia depended
on the number of rhizobia in the inoculum. Skrdleta
(1973) determined the relationship between soybean culti-
vars and Re japonicum serotypes in single and multistrain
inoculants and found that strain 311 B 1n the greater
proportion of serotyped nodules out of all the nodules
in soybean cultivars inoculated with the multistrain
inoculum. Dadarwal et al (1976) found that rhizobia isolated
from different varieties of chick pea (Cicer arietinum)

grown in a locallty were antigenically distinct. However,
strain specific precipitation reactions were observed

only with cicer rhizobia,

Brockwell et al. (1977) compared the immunogel-
diffusion technique and the use of streptomycin resise
tant mutants for studying the competition and persistence
of introduced Rhizobium over native rhizobia in soil
and concluded that both the methods were equally sensia
tive for studying the competition of root nodule

bacterra, Kremer and Wagner (1978) advocated a new



approach to the study of soil rhizobia by the use of
direct diffusion of antigens from soil and development
of specific bands, Using the tectmique of immmo=
diffusion, they evaluated four strains of Rhizobium
japonicum incubated in soil. sSheth (1979) investigated
the antigenic relationship of inoculated strain CB

756 of rhizobla for groundnut with native rhizobia and
revegled that the inoculated strains differed from the
native strains, Trannick (1980) studied the relationship
among fast growang rhizobia from five plants genera and
their affinities with other rhizobial groups by aggluti-
nation test, The test showed that isolates from each
host shared antigens with one or more of the five
Rhizoblum strains of subabul,

Fine structure studies of root nodules

Bergersen and Briggs (1958) in a study on the fine
structure of soybean root nodules reported that four to

five bacteroids of Rhizobium Japonicum were enclosed

within the membrane of host cell origin, However, Dart
and Marcer, (1963) could observe only one bacteroid in
each of the bacteroidal membrane envelope of clover root
nodules, Goodchild and Bergersen (1966) noticed more then
one bacteroid per envelope, As the bacteria developed

in the cytoplasmic membrane system, there was a loss of



fibrillar material from the nucleold region and changes
occurred in the distribution of ribosome like particles
in both host and bacterial cells, When bacteroid was
fully differentiated and presumbaly fixing nitrogen,
the bacterlods formed the red zone of subterranean
clover nodule and showed a well developed intra-cyto-
plasmic membrane system. Bergersen (1974) opined that
almost in all legumes, the extent of nitrogen fixation
was related to the amownt and persistence of bacteroid

containing tissue an the root nodule,

Dual inoculation studies with Rhizobium and VA mycorrhiza

in legumes,

The presence of VA mycorrhiza in legumes was first
reported by Jones (1924). Asal (1944) stated that
nodulation in various legumes inoculated with appro-
priate Rhizobium and grown in sterilised soil depended
on the addition of an inoculum of 5«10 g of wunsteralized
garden soil which favoured the formation of VA mycorrhiza
in experimental plantse.

Schenek and Hinson (1973) got increased growth of
nodulating soybean line by 53 per cent by VAM inoculation.

However, VA mycorrhiza had no effect an nom nodulating



lines, Crush (1974) reported stimulated nodulation
and growth of Centrosema ubscens, stylosanthes

apnensis, Trafolium repens anmd Lotus pedunculatus
when VA mycorrhiza was inoculated along with
Rhizobium, Daft and Giahni (1974) compared dual ino-
culation of Phaseolus with Endogone and Rhlzobium and
also with Rhaizobium alone. The results revealed that
dual inoculation increased the growth, number and weight
of nodules, acetylene reduction, leghaemoghbin, phos-
phorus =nd total protein content,

Mosee et &gl. (1976) reported that added rock
phosphate greatly improved nodulation and nitrogen
fixation of mycorrhiza plants. A four fold increase
of yield in barley to VA mycorrhizal inoculation was
observed by Saif and Khen (1977). However, this
difference between mycorrhizal and non mycorrhizal
plants was almost eliminated by increased P application.
Smith and Daft (1977) stressed the importance of time
factor in the development of tripartite symbiosis
between Medicago sativa, Rhizobium and mycorrhizal fungl,

They could get both nodulation and mycorrhizal infection
within two weeks of inoculation vith appropriate endo-
phytes, Mycorrhizal plants showed extensive nodulation

and higher rates of nitrogenase activity from second week



In P deficient unsterile soils, Manjwnath and Bagyara]
(1984) found that inoculation of Leucaena leucocephall
wath Glomus Fasciculatus greatly improved nodulation by
native Rhizobium and inoculation with Rhizobium alone
improved colonisation of roots by native mycorrhizal

fungl, Moreover, dual inoculation improved nodulation,
mycorrhizal colonisation, dry weight, nitrogen and P
content of plants when compared to single inoculation
with either of the symbionts,

Mycorrhizal occurrence and their effect on certain
forest plent species was studied by Kendasamy et al. (1988)
Leucaena leucocephala and Acacia mellifera were inoculated
with nodule bacteria and Glomus fasciculatus alone and in
combination with ﬁh:l.zobium. VA mycorrhizal inoculation

gave 1,5 and 12,6 per cent increase Lan dry weight of
subabul. Dual inoculation also increased VA mycorrhizal
infection an 45th day.

Mimosine content in subabul

Mimosine the P = N (3-hydroxy-4-pyridone) = -
amino propicnic acid was first reported from Mimosa pudica
L. as mimosine and later from Leucaena leucocephala as
as leucaenol. It is now well established that subabul
leaves contain 3 to 5 per cent mimosine, vhich is toxic
to animals, Rosas and Quintero (1980) reported that
ensiling subabul leaf considerably reduced the mimosine
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content. The rate of reduction was about 48.4 per cent
in 3 weeks., They further reported that this reduction
in mimosine content by ensiling might be due to some
bilochemical changes produced by intense fermentation
during the ensiling process.

Brewbaker et sl. (1981) laid down the procedure for
musosine estimation and tested the same in ten species of
subabul, He found that large leaflet species had more
mimosine content than small leaflet species. Joshi et al
(1983) worked out the positional effect of leaves on
mimosine content and reported that the mimosine concene-
tration was maximum in top leaves with 2,95 per cent
followed by middle leaves with 0,95 per cent and bottom
leaves with only 0,2 per cent, Krishnamurthy and Mune
Gowda (1983) also conducted similar studies and found that
maximun mimosine concentration was an growing tips,

The lowest mimosine concentration was in yowng tender bui

and sten,



MATERIALS AND METHODS



MATERTALS AND METHOLS

The present study on !>ymbiosis of Rhizobjum and VA
mycorrhiza in subatul® was conducted during 1984-88 at
College of Agriculture, Vellayani, Trivandrum and College of
Horticulture, Vellanikkara, Trichur of the Kerala Agricultural
Univeraity. The different methods adopted for this investi-

gation are given below,

1. Suxvev for the occwrence of natursl nodulation and VA
mveorrhizal Infection in gubabul

A preliminary survey was conducted to f£ind out the
extent of natural nodulation and VA mycorrhizal infection
in subabul (Leucaena leucocevhala (lam. de Wit) in four
districts of Kerala namely Icdukki, Palghat, Trichur and
Irivandrum. The districts were so selected as to have
a reasonable representation of the variations in soil

type and topography prevailing in the state (Table = 1),

Table = 1 General topography and soil characteristics of
dlfferent districts selected for preliminary

survey.
Districts Torography Soil pH Soil type
Tdukki High ranges Acidic Forest soil
Palghat Plains and hill Acidic to Laterite and
tracts alkaline black soil
Trichur Plains and Acidic Laterite and
hill tracts sandy soil
Trivandrum Plains and Acidic Laterite and

hill tracts red loam



~

rour to five different locations 1n each distract (Fig.1)

where subabul was found to grow eirther naturally or

cultivated on a regular basls by farmers oTr institutions

were selected for thas study on natural nodulation and VA

mycorrhizal infection., Wherever possible, at each of these

locations, the name of the cultivar grown vas also recorded,

1.1 Nodulation status

The extent of natural nodulation in 45-€0 day old
seedlings near grown um subabul plants was recorded after
care fully digging out each seedling without inguring its root
system, They were initielly washed in water to remove al
adhering soil particles and then the number of nodules
formed were recorded, A minimum number of five seedlings
from three different places at each location were observed
for this purpose, The relstive m|
- it number of healthy and

1cient nodules formed
- med 1in each seedling was determined by
visual observati
- on of each nodule for the presence of
eghaemoglobin, Whereve
I necessary, such nodules were out
open to find out the presence of this hae
o me pigment vithan
e nodular tissue, Five hundred gram of rhi
20sphe
along with the seedlings examined for' where soll
nodWation gt
status at

each location were also collected and brought ¢
for further studies, ’ laboratory
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1.2 Isolation of Rhizobium

Healthy pink coloui ed nodules wvere selected for the
1solation of Rhizobirum from each location by the method of
Vincent (1970) on yeast extract mannitol agar medium of

following composition,

Yeast egtract m tol ag YEMA) (Allen )
Mannitol 10.0 g

KZH P04 0.5 g

Mg S0,. 7H,0 0.2 g

NaCl 0.1 g

Ca003 3.0 g

Yeast extract 1.0 g

Congo red 2.5 ml (1% aqueous soluiion)
Agar 15.0 g

Dristalled water 1000.0 ml

pH 7.0

The nodules were 1nitially transferred to clean test
tubes and washed with water to remove all adhering soil
particles., They were then surface sterilised with 70% ethanol
for 30 seconds followed by 0.1% HgCl, solution for two mnutes
and washed thoroughly in five changes of steralised tap water.)
The surface sterilised nodules were then crushed in few

drops of sterilised water.



The residual milky suspension wns streaked on YEMA medium

in petri dishes and incubated at?8 + 2°C in a B.0.D

incubator for four days, Indivadual colonies showing the

typical characteristics of Rhizobium were then selected,

checked for purity by repeated streaking on YEMA and by

Gram staining, Such cultures were transferred to sterilised

YEMA slants for further studies,

The different isolates

were also given a particular serial number R1 to R17 which

corresponded wrth the location number initially asslgned
for each specific site surveyed in Idukki, Palghat,

Trichur and Trivandrum districts,

A, Tdukki District

R1 - Isolate from Kolahalamedu

R2 = Isolate from Mattuppetty
R3 - Isolate from Peerumedu

R4 - Isolate from Thodupuzha

B. Palghat Distract
R5 -~ Isolate from Chittoor

R6 - Isolate from Dhoni
R7 - Isolate from Mannarghat
R8 «~ Isolate from Pattambi

Ce Trichur District
R9 Isolate from Chavakkad
R10 Isolate from Kannara

R11 Isolate from Kodassery
R12 Isolate from Peechi

R13 Isolate from Vellanikkara
D, Trivandrum District

R14 Isolate from Amboora
R15 Isolate from Chirayinki:
R16 Isolate from Pattom
R17 Isolate from Venganur



and Hayman (1970), The root bits were first washed in
tap water to remove all adhering soil particles and then
cut into small bits of approximately one cm in length,
They were transferred to clean labelled bottles and fixed
with formalin: acetic acid: alcohol mixture of following

composition,
Formalin (40%) -5m
Glacial acetic aclid - 5ml
Ethanol (95%) - 90 ml

For staining, the root bits were initially softened
by simmering in 10 percent KOH at 90°C for one hour, After
cooling, the excess of alkalli was removed by repeated
rinsing in tap water and then acidified with 2 percent HC1,
They were stained with 0.05 percent trypan blue in
lactophenol by boiling for three mimites,

Preparation of lactophenol
Lactic acld 10 ml
Phenol 10 ml
Glycerol 20 ml

Water 20 m1



Q49

Ereparation of Trvpan blue
Trypan blue (Romali) 50 mg
Lactophenol 100 ml

The excess stain from the root tissue was removed by
clearing overnight in fresh lactophenol, The root bits
were examined for the typical VA mycorrhizal infection
under a light microscope. Each root bit was dlvided into
four equal segments for recording the presence or absence of
VA mycorrhiza in segment wise manner, Fifty root bits
randomly selected from each location were observed for this
purpose. The percentage of VAM infection was calculated
by the following formula,!

Percent VAM infection = Dumber of posltive root gesment x 100

Number of root segment observed
1.7 I i VA

VA mycorrhizal spores were isolated from soil by the
modified wet sieving and decanting method of Gerdemsnn and
Nicolson (1963). For this, 100 g of rhizosphere s0il
collected from each location vas initially suspended in
1000 m1 of tap water in a meacsuring cylinder and after
the heavier particles had settled, the supematent was
filtered through a set of sieves (Jayant test sieves,



Jambulwadl, Kalbadevi, Bombay) of B. S.S.No.60 (250 microns),
150 (150 microns) and 350 (45 microns). The residue left
behind in the measuring cylinder was resuspehded in 1000 ml
tap water and passed through the same set of sleves, This
procedure was repeated three to four times in order to
collect maximum mumber of spores from the soil. The
material finally present on each sieve was transferred to
100 ml beakers in small vclume of water and filtered

through Watman No., 1 filter paper. The contents of each
filter paper were carefully examined under s Stereo micro=
scope for the typical spores of VA mycorrhizas Spores of
uniform size and shape which were predominent in number

at a given location were selected and transferred to moistened
filter paper in petri dishes with the help of fine capillary
pipette for further studies. The number of these spores

present in 100 g soil was also recorded.

1.8 Measurement of VAM sporeg

The size of the VAM spores in micrometer was
measured with the help of an ocular micrometer precaliberated
with a stage micrometer,

1.9  Ldentificatlon of VA mygorrhizal spores

The spores of VA mycorrhiza were identified mainly

on the basis of their size, shape, colour, surface texture,



spore contents and the nature of spore attachment by
observing under a microscope. These characters were
then compared with the key prepared by Gerdemann and
Trappe (1974) for identafication.

1010 Mass production of VA mycorrhizal ingculum

Mass production of the <tandard as well as the local
isolates of VA mycorrhiza was done by inoculating on guinea
grass (Panicum maximum Jacq.) with £ifty selected spores

of each culture of VA mycorrhiza.

The plants were growimn in steam sterilised sand in
small pots of 11 x 14 cm size, The potting material
consisted of washed sand which was initially steam sterilised
in an autoclave for 2h at 1 kg/cmz. The roots from
these plants were harvested after 21 days for using as the
starting material for the mass production of VA mycorrhiza
inoculum., This was done in large pots of 35 x 35 cm size
containing 10 kg of steam sterilised sand and soxrl in the
ratio 1:1 (W/W) and seeded with fifty grams each of the
appropriate mycorrhizal inoculum in the form of infected
roots cut into small bits of approximately 1 cm size and
soil from the pot where these plants were grown initially.
The 1noculum was placed in the centre of each pot at a
depth of about 5 cm over which guinea grass was planted and
grown for 60 days. The plants were irrigated regularly
with sterilised water.,) Infected roots from these plants



along with 50 spores of the respective VA mycorrhiza were
used as the mycorrhizal inoculum for various experiments
conducted during this investigation,

The four local isolates of VA mycorrhiza selected were:

Isolate number Location Digtprict

M1 Mattuppetty Idukkd

M2 Dhoni Palghat

M3 Peechi Irichur

M4 Amboori Trivandrum
1.11  Estimation of soxl pH

pH of different soil samples from various survey
locations was measured by preparing 1:2,5 soil and distilled
water suspension, This was agitated vigorously and the
pH was determined in an ELICO digital pH meter.

2, Preliminary screening of different isolates of Rhizobium

VA oxrhiza for no 1
in subgbul

A pot culture experiment was conducted under asceptic
conditions to find out the efficiency of all the 17 isolates
of Rhizobium and four isolates of VA mycorrhiza selected on
the basis of maximum root infection, Along with local
isolates of Rhizobium, three exotic strains were also used,
The experiment was laid out as a factorial experiment in CRD
with three replications.



The different t1eatments were as follows:

A, Rhizobium inoculation

RO - Control

R1-R17 = Local 1solates of Rhizobium

R18 - TAL 82 culture from nif TAL, USA
R19 - Culture from I.A.R.I. New Della

R20 - Culture from I,C.RES.A.T. Hyderabad

B, Mycorrhizal inoculation

M - Control
M1=M4 -~ Local i1solates of VA mycorrhiza

The treatment combinations used for this prelaiminary

screening trial are given in Fig.2,

The experiment was conducted in earthern pots of 25 om
diameter containing a potbting mixture of sand and soil in the
ratio of 1:2., This was i1nmitially steam sterilized in an
autoclave for 2 h at 1kg/cm2. Seed treatment with appro-

priate Rhizobium culture and inoculation with VA mycorrhiza

were done wherever recuired by the methods described earlier.

The plants were irrigaved regularly with sterilised tap water.



Fig 2. TREATMENT COMBINATIONS FOR PRIMARY SCREENING
OF Rhizobium AND VA MYCORRHIZA FOR NODULATION,
VAM INFECTION AND PLANT GROWTH IN SUBABUL.

RaMo RoM; Ro Mg Ro Mg Ro My
Ry Mo R M, Ry My R, My Ry Ma
Ry Mo Ro M, Ry Mg Ry M3 Ry Ma
R3 Mo RaMy Ra Mg Ry Mg Rz Ma
R4 Mo Ra My R4 M2 Ra My R4 Mg
Rs Mo Re My Re Mg Rs M3 Rs My
ReMo Re My Reg Mg Rg Mg Rc Mg,
Ry Mo R, My Ry Mo, R, M3 R, My,
Re Mo Re M) Rg Mo Rg M3 Res My
Rs Mo Rs Mg Rg M2 Ro Mz Re M4
Rio Mo R o My Rio My Ro M3 R oM
Ru Mq Ru M, R: Mg R Mo Re Mg
Rio Ma Raty R 9 My RaMsy Rz Mo
R3 Mo R 5 ray Ra My RimMmg R 3 Mg
R, Mo Ry ™, R4 Mg R 4Ma R, My,
RisMo | R gMy R g Mz R s My R s My
RigMa Rr, Mq ReMg Rig M3 R My
Rig Mo R g M Rizy M2 Ry M3 Ry Mg,
Rig Mo R g My R g Mg Rg M3 Ris Mg,
Ris Mo Ris M1 Ris Mz R oMy Rio My
Rae Mo Ras M1 Rz M2 Rio M3 Rac Me




241 Subgbul seedsg

The cultivar Hawaiian glant (K-B8) was used through out
this investigation. The required quantity of seeds were
obtained from Kerala Gandhi Smarak Nidhi, Trivandrum.

2,2 Obgervations
Observations on nodule nuwiber, number of pink nodules

formed, nodule dry weight, percentage VAM infection, shoot
height, shoot dry weight, percentage nitrogen and PQO5
content were recorded on 105 day of plant growth, This was
done on the basis of a preliminary study which indicated that
nearly three months are needed to complete the nodulation in
subabul.

2.2.1 Dry weight of nodules and _sghooi

The dry weight of root nodules and shoot was determined
after drying the samples to a constant weight at 60°C in a drying
oven.

2,2,2 Estimgtion of total mirogen (Jackson, 1967)

Five undred mg of powdered leaf semple and 1 g of
digesion mixture consisting of potassium sulphate, cupric
sulphate and selenium powder in ihe ratio of 10:130,1 were
initially digested with 10 ml of conec, stoa for 2h in
Kjeldahl's digesion flasks. These were cooled down to
room temperature before the contents were carefully transferred
to 100 ml volumetric flasks to make up the volume with distilled
water, Ten mlof this sample along with 4Opercent NaOH solution were



then steam distilled till about 30 ml of the distillate was
collected in a receiver flask containing 10 ml of 4 percent

boric acid solution and a drop of mixed indicator,

i of mixe 1cato
Bromocresol green - 0.5 g
Methyl red - 0.1 8
Bthanol - 100,00 ml

The ammoniacal nitrogen of the distillate was
estimated by titration against 0,01 N HCl and from the titre
value, the percentage nitrogen content was calculated as
follows:

VxNxVy x0,014 x 100
V2 x W

Titre value = blank value

Percentage nitrogen content

Vhere, v

1]

" V1 = total volume of sample made up
V2 = total volume of sample distilled
N = Normality of HCl and

W = Welght of sample used.

2.2,3 Estimation of phosphorug (Vanadomolybdo phospheric
acid method of Jackson, 1967)

P ta f V. te molvbdat
Solution A

Ammonmium molybdate - 25.0 g
Distilled water - 400,0 mlL



Solution B

Ammonium meta vanadate - 1.2 8
Boiling water =  300.0 ml
Conc, HNO3 -  250.,0 ml

Solution A was added to solution B before the final
volume vas made up to one litre with distilled water.

Five hundred mg of powdered leaf sample was digested
with 10 ml, of conc. stoh of specirfic gravity 1.84 for two
hours a1n 100 ml Erlenmeyar flasks. These flasks were
allowed to cool down to room temperature, before the contents
were carefully transferred to 100 ml volumetric flasks
for making up the volume with distilled water, Five ml of
this solution was pipetted 1nto a 50 ml volumetric flask.
Iwo to fowr drops of 2,4 dinitrophenol indicator and
4 N Na2_003 were added drop by drop to the above sample till
an yellow colour was developed, Thlis was decolourised
with 6 N HC1l an such a way that the final pH of the solution
was 4.8. Ten ml of vanadate molybdate reagent was then
added to the above solution before the final volume was
made up to 50 ml wath distilled water. After 30 mts, the
intensmty/of yellow colour developed was measured in a
spectronic - 20 spectrophotometer at 470 nm, A standard
curve was also prepared in a similar manner using 0, 1, 2, 4,
6, 8 and 10 ppm solution of KH,PO,. The concentration of

phosphorus in leaf extract was determined from the standard



X b

curve, Percentage phosphorus cohtent was calculated as

follows =
Percentage phosphorus conlent = ﬁ_—”_?_x__‘_ﬁ__
1000 x V2 xW
where,
X = ppm concentration of P from the standard curve

V1 = Volume made up

V2 a Volume taken for colour development

3« Effect of pH on growth of Rhizobium under in vitro

conditions

An in vitro study was conducted to find that relative
growth of different isolates of Rhizobium at different pH
in yeast extract mannitol broth. The pH of the YEM broth
was initially adjusted to 4,5,6,7 and 8 by adding appropriate
quantity of either 1 percent HCl or 1 percent KOH prior to
sterilisation., A loopful of each isolate was inoculated
into appropriate broth in triplicate and incubated at 28 4 2°C
on a rotary shaker, The extent of growth was measured as
optical density at 640mm in a spectronic 20 after 72 and 96 h
of culture growth.

3¢1 Combined effect of soil pH, Rhizobium and VA mycorrhizal
dnoculation on nodulation, VAM infection and growth in
subabul

A2 x 3 x5 factorial experiment iw pots was laid out in
CRD to find out the relative performance of two selected isolates




of Rhizobium R5 and R8 along with mycorrhizal inoculati
two different soil pH 6 and 7.1, The treatment details
are given below

A - Soil pH S1 - pH 6,0
S2 - pH 7.1

B - Rhizobaum treatment
RO - Control
RS - isolate R5
R8 « isolate R8

C « Mycorrhizal treatment

MO - Control

M1 « isolate from Idukki district

M2 - isolate from Palghat district
M3 ~ isolate from Trichur district
M4 - 1solate from Trivandrum district

Treatment combinations were as follows:

51 RO MO S1 R5 MO S1R8 MO S2 ROMO S2 RS MO
S1 RO M1 51 R5b M1 S1 R8 M1 S2 RO M1 S2 R5 M1
S1 RO M2 S1 R5 M2 S1 R8 M2 S2 RO M2 S2R5 M2
S1 RO M3 S1 RS M3 S1TR8M3 S2 RO M3 S2 R5 M3
51 RO M4 S1R5 M4 S1R8 M1 S2 RO M4 S2 R5 M&4

So1l pH of 6 and 7.1 were selected as to represent the
the soils from where the two cultures of Rhizobium were

1solated. Lime and sulplur were used to adjust the soi

on at

S2 R8 M0
S2 R8 M1
S2 R8 M2
S2 R8 M3
S2 R8 M4

pH of

1 pH,



Different quentitics of lime or sulphur were added to a fixed
quantity of soil «nd incubated for one month and the change

in pH was noted. Based on this guideline, appropriate
quantities of lime or sulphur were added to get the pH 6 and 7.1.
The biometric observations of plants were recorded at

60 days of vlant growth,.

4, Serologpical differentation of selected isolates of
Rhizobiug
Strain differentiation of selected isolates of

Rhizobium against the most efficient local isolate selected
on the basis of preliminary screening trial was done by
their serological properties.

4.1 Preparation of antiserum

A pure culture of the Rhizobjum isolate was grown on
YEMA in petri dishes at 28 + 3°C for four days, The culture
was harvested in physiological saline (0.85 percent NaCl)
and centrifuged at 15000 rpm and a pellet was obtained, This
pellet yas suspended in minimum amount of physiological
saline, Thas suspension served as antigen. One ml of this
antigen was mixed wath 0,5 ml of Freund's adjuvant of micro=-
blological grade and injected intramuscularly into a rabbit
on the upper part of the hind legs., Ingection was repeated
three times at seven day intervals. On twentyeaghth day
after the first injection, one ml of the antigen was injected
without adjguvant intravenously through the marginal vein



of the ear., After seven days of last injection, the rabbit
was bled through the marginal ear vein to collect the blood
in g beaker, It was allowed to coagulate at 35°C for an
hour and stored in a refrigerator overnight to obtain a clear
straw coloured supernatent, This was centrifuged at

3000 rpm for five minutes. This antiserum was stored in a
deep freezer adding 0,025 percent sodium azide,

4.2  Ereparation o agntagmn
96 h growth of selected iszolates of Rhizoblum in

test tube slants were harvested in normal saline (0.85% NaCl)
and centrifuged at 15000 rpm, A pellet was formed, This
was suspended in minimum amount of saline. This suspension

served as antigen,
4.3 Iube agelutination test
The titre of the serum prepared as above was estimated

by the followling procedure witl! both homologus and
heterologus antigens described below,

S1,No, Antigen Code No. Nature
1 Isolate R8 A Homologus
2 IART strain B Heterologus
3 ICRISAT strain c Heterologus
4, Isolate RS D Heterologus
5. A local isolate of B Heterologus

Mimogg indicg



au

From 0,2 ml of the antiserum a range of double fold
serial dialutions from 1/5 to 1/2560 was prepared using
physiological saline as detailed below.

1, Tube No, 1 2 3 4 5 6 7 8 9 10
2. Szline (ml) 0.8 0.5 0.5 0.5 0.5 0,5 0,5 0.5 0.5 0,5

%, Serum (ml) 0,2 0.5 0,5 0,5 0.5 0.50,5 0.5 0.5 0.5
from previous
dilution

4, Final dilu-
tion 5 10 20 40 80 160 320 6401280 2560
From the last dilution 0,5 ml was discarded to make the

volume uniform, A saline control was also kept, In each

tube 0,5 ml aliquots of antigen suspension was added, The
mixture in each tube was mxed with a Pfs,teur pipette and
allowed to settle for four h at 37°C in a water bath and
afterwards overnight in a refrigerator and observed for

agglutination.

L4 Immwno ~ diffusion test

A clean glass slide of 7.5 X 5 cm was precoated with
2 per cent agar in distilled water and kept overnight at 60°C
for drying, 0,85 percent agarose containing 0.025 percent
sodium azlde was then prepared in normal saline by borling.
Ten ml of this agarose solution was poured on to the precoated
slide and allowed to set, Seven wells of a diameter of & mm
each were cut in a circular arrangement with one well at
the centre. The central well was filled with the antiserum

of i1solate R8 and the surrounding six wells were filled vith



antigens, 4,B,C,D,E and F using separate capillary tubes.
This was incubated 1n a humid chamber at room temperature and
observed for the development of precapitation bands after

24h, The dirfferent bands formed vere recorded photographically.

5e Fine structure studies of VAl mycorrhzal infection and

nodulation in subabul

Subabul seeds inoculated with isolate R8 and M2 culture
of VA mycorrhiza were ralsed ascepbically in pots. The root
samples were examined for mycorrhizal infection by the method

described earlier,

5.1 Effect of ase on root nodulation an subabul

The number of nodules formed if any wvere recorded at

five days interval up to 95 days of plant growth.

5.2 Scanmag electron microscony of root nodules

Healthy root nodules were initially detached along wath
a bit of root and washed in tap vater to remove all adhering soil
particles. They were then fisxed i1n 2,5 percent glutaraldehyde
in phosphate buffer for 12h., Each nodule wvas then cut through
the centre. These cut nodules were passed through an acetone
serves of 50, 60, 70, 80, 90 percent and absolute for 30, >0,
30, 45, 45 and 60 minutes respectively, The nodules were
dried 1n a critical point dryer and the cut surface was coated
with carbon., They were observed in Hitachi S-530 scanning
electron microscope for the study of fine structure of root

nodules,



6, Study on the effaciency of different methods of inocu-
lation of Rhizobium and VA mycorrhiza in subabul

A field experiment was conducted to study the
effectiveness of different methods of inoculation of
Rhizobium and VAM on nodulation, mycorrhizal infection and
plant growth in subabul, The experiment was laid out in
RBD with seven treatments and four replications, The

different treatments were as follows?

T1 « Dugl inoculation 10 deays before sowing in polybag
Tz « Dual inoculation at the time of sowing in polybag
T3 = Dual inoculgtion 10 days after sowing in polybag

T4 = Dual inoculation 10 days before sowing in nursery
T5 = Dual inoculation at the time of sowing in nursery
Ts = Dual inoculation 10 days after sowing in nursery

T7 = Dual inoculation at the time of sowing in the main

field.

Inoculation with Rhizobium (isolate R8) and VAM
(1solate M2) in polybags of 40 cm length, mirsery bed and
field were done by the methods described earlier, For
inoculation 10 days before sowlng, the Rhizobium and
mycorrhizal inocula were turied 5 cm below the soil in
polybag and nursery bed, Soil around the stem was slightly
removed and the inocula were added at about 5 cm depth for
inoculation 10 days after soiing, The seedlings ralsed
in polybags and in mirsery bed were subsequently transplanted
to main field on 20th day. The plot size of the main field



was 2 X 1 m and subabul was planted at a spacing of 40 x 20 cm.
Observation on various growth parameters such as nodule number,
nodule fresh weight, percentage of VAM infection, shoot height,
shoot fresh weight, percentage nitrogen and P205 content were
recorded on 60 days of plant grovth by the methods described

earlier.

T Combined effect of VA mycorrhiza, Rhizobium and fertilizer

application on nodulation, mycorrhmzal infection and growth

an subabul

A field experiment was laid out as a factorral experiment
with folloving treatments.,

A. Mycorrinzg

M- - Control

M - Glomus fasciculatus

ML - Local isolate Mz

B. Rhizobium
R~ = Control

R+ = Rhizobial isolate R8
C. DMNatrogen

N- = Control
N+ = Nitrogen at 100 kg/ha

D. Pho sphorus
P- - Control

P+ = Phosphorus at 100 kg/ha



The different treatment combination were as follows.

VM—R=NeP= MSR-N-P- M{R-N-P-
MR~N-P+ MSR=-N-P+ IMLR~N=P+
MeReN-P~ I1SR=N+P~ MLR-N-P-
M-R-N+P+ MSR-~N+P + MLR-N+P+
MR +N=P= MSR-+NwP= ITLR+N-P-
li=R4N=P+ MSR+N-P+ MLR +N=-P+
M~R4N 4P~ MSR+N+P= ITLR+N+P-
M-R+N+P+ MSR+N+P+ ILR+N+P+

The experament was conducted an plots of size 2 x 1 m
with a spacing of 40 x 20 cm., Phosphorus was completely
applied at the time of souing as super phosphate. Nitrogen
as ammonium sulphate was added in split doses of 25 kg at
the time of sowing and 25 kg each at one month interval.
Various biometric observations on nodule number, nodule fresh
weight, percentage of VAl infection, plant heighi, forage
y1eld, foliage colour, chloiopiyll, nitrogen, protein and
mimosiine content of leaves vere recorded at 105 days of plant

growth,

7ol Scorang of foliase colour

A standard colour chart was prepared wath colour score
ranging from 1 to 5. Randomly selected leaf samples were
matched witn tae above chart for scoring the colour of

foliage,



and 10 ml aliquot of the macerate was placed in a boiling bath
tube. 15 ml of 0.1 N HCL with activated charocal was added to
1t and boiled for 15 minutes. This gave a 250 fold dilution

of the sample. It was then filtered through Watman No,2 filter
paper and 2 ml gliquot of the filterate was added to 5 ml of
0.4 percent Na2 EDTA solution and 1 ml of 60 percent FeCl3

solution 1n 0.1 N HCl, This was kept in dark for 15 minutes
for cojour development, Optical density was recorded at 535 nm
in a spectronic 20, The minosine percentage was calculated

as followvs.
Mimosine percentage = 0D valve x 250

8, Statigtical analysig

All the data were analysed by the analysis of variance
technique of Snedecor and Cochran (1967),



7.2 Estamation of chlorophyll

One gram of leaf sample collected from five plants
chosen at random was ground in a mortar with a pinch of
calcium carbonate and excess of acetone., After grinding,
the contents were filtered through fresh 80 percent acetone
until the washing was colourless, The extract and washings
were made up to 250 ml in a volumetric flask and optical
density of an aliquot was measured in spectronic - 20 at
wavelengths 645 and 663 nm. chlorophyll-a, chlorophyll~b
and total chlorophyll in the sample was computed in mg/g
by the following method,

Chlorophyll ~ a = 12,72 A 663 - 2,58 A 645
Chlorophyll ~ b = 22,57 A 645 = 4,67 A 663

Total chlorophyll 8,05 A 663 + 20,29 A 645

7.3 Estimation of protein content

Percentage of foliage nitrogen was estimated by the
method described earlier. The protein content in percentage
was then computed by multiplying, the percentage nitrogen
content by a values 6.25,

Teh Analysis of mimosine content

Mimosine content of leaf was estimated by the method
of Brewbaker et al. (1981), Ten gram of leaf samoles were
dried at temperature below 40°C, One gram of the dried sample
was then taken in a volumetric flask -md the velume was made

up to 100 ml with 0,1 N HCl, It was macerated in homogeniser



and 10 ml aliquot of the macerate was placed in a boilihg bath
tube, 15 ml of 0,1 N HCl with activated charocal was added to
1t and borled for 15 minutes. This gave a 250 fold dilution
of the sample. It was then filtered through Watman No,2 filter
paper and 2 ml aliquot of the filterate was added to 5 ml of

0.4 percent Ne, EDTA solution and 1 ml of 60 percent FeClS

solution 1n 0.1 N HC1, This vas kept 1n dark for 15 minutes
for cojour development., Optical density was recorded at 535 nm
in a spectronic 20, The minosine percentage was calculated

as follows.
Mimosine percentage = 0D valve x 250

8, Statistical analvsig

All the data were analysed by the analysis of variance
technique of Snedecor and Cochran (1967).



RESULTS



RESULTS

Te Survey for the occurrence of natural nodulation

and VA mycorrhizal Infection in subabul

The swurvey for the occurrence of natural nodulation
and VA mycorrhizal infection in subabul (Plate 1 a and
1 b) was conducted at 17 different locations of four
districts of Kerala namely Idukki, Palghat, Trichur,
and Trivandrum, Information regarding soil type and pH
at each of these locations 1s given in table 2, The
pH of most soil samples was acidic and it renged
between 5.0 at Kennara in Trichur district to 6,8 at
Dhoni in Palghat district, But at Chittoor in Palghat
district, the soil pH was 7,1.

There was no significant difference between
seedlings in the mean number of root nodules formed
per plant at different locations., The average number
of 7,7 was maximum at Vellanikkara and Pattom while at
other places such as Peerumedu and Kolahalamedu in
Tdukki district, the nodule number was only 1,5 and
1.7 respectively, There was also no significant
difference between seedlings in the mean percentage of
mycorrhizal infection, The mycorrhizal infection of

25.5 percent was maximum at Lhoni (Table 2), The extent



Plate 1 a Subabul plants growing at Dhoni, Palghat
Digtrict’
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Plate 1 b A typical pod bearing branch of subabul



Table 2 Details of survey conducted for the occurrenceof natural nodulation and VAM
infeétion in subabul.

District Location Soil type pHt Name of Nodule Nodula- VAM %VAM VAM
cultivar number* tion Spores/ infec- statuse@
status@ 100g tion
soil
[1.Kolahala- Forest Soil 6.0 K-8 1,7 Poor 21 10.0 Poor
Idukki o medu
2.Mattupetty Forest Soil 6.0 K-8 3.0 Poor 6 20.5 Poor
3.Peerumedu Forest soil 6.2 Unknown 1.5 Poor 24 18.5 Poor
L4.Thodupuzha Clay loam 5.6 K-8 4.2 Poor 18 6.0 Poor
[S.Chittoor Black soil 7.1 K-8 7.2 Poor 18 8.5 Poor
6.Dhoni Clay loam 6.8 K-8 4.0 Poor 15 25.5 Poor
Palghat — 5 Mannarghat Clay loam 6.2 Unknown 3.0 Poor 18 12.0 Poor
. 8.Pattambi Laterite 55 K-8 2.5 Poor 14 14,0 Poor
[ 9.Chavakkad Sandyloam 5.8 Unknown 2.5 Poor 7 4,5 Poor
10.Kannara Clay loam 5.0 Unkoown 4.2 Poor 6 24.0 Poor
Trichur —11.Kodassery Sandy loam 5.2 K-8 4.0 FPoor 8 17.0 Poor
12.Peechi Laterite 5.6 K-8 5.5 Poor 25 24.5 Poor
13.Vellanikara Laterite 5.5 K-8 7.7 Poor 18 10,0 Poor
P4.Amboori Forest il 5.6 Unknown 6.0 Poor 12 19.5 Poor
Trivandrum 15. Chirayirnkil Laterite 5.8 K-8 4.2 Poor 5 13.0 Poor
16.Pattom Laterite 6.1 K-8 7.7 Poor 20 12,5 Poor
[}7.Venganoor Red loam 5.7 K-8 5.5 Poor 14 9.5 Poor
* Mean of three plants, @ In relation to inoculated plants.

1%



Table 4 Primary characters of selected spore types of VA mycorrhiza associated
with subabul.
Location Spore spore spore surface spore* spore Identifi-
size shape colour texture contents attach=- cation
ment
Mattuppetty 175 Globose Brown Smooth Single Straight Glomus sp.
large
globule
Dhoni 140 Globose Yellow Smooth Two large Straight Glomus sp.
globules
Peechi 130 Globose Yellow Slightly Saingle Straight Glomus sp.
rough large
globule
Amboori 145 Globose Golden Smooth Many Straight Glomus sp.
globules

* White to hyaline globules or granules.

eq



of root infection at Peechi and Kannara were also higher,
However, at places such as Chavakkad and Thodupuzha,

the percentage of mycorrhizal infection was only 4.5

and 6,0 regpectively., No significent difference

between locations was also seen in the mean number of

VA mycorrhizal spores present in 100 g of rhizosphere
soil, The maximum number of 25 spores were isolated
from soil samples collected at Peechli, in Trichur
district, At other locatlons such as Chirayinkil,
Mattuppetty, and Kannara this was as low as 5 and 6

respectively,

1.1 Isolation and characterisation of Rhizobium

In all, 17 cultures of rhizobia serially numbered
R1 to R17 were initially asolated., All these isolates
were rod shaped and Gram negative with a fast rate of
growth of 48 to 72h on yeast extract mannitol agar
medium (Table 3). On glucose peptone agar, the growth
was scanty without any change in colowr of the medium

even after 7 days of incubation.

1.2 Identification of VA mycorrhiza

Spore samples initially isolated from rhizosphere
of plants which had the maximum percentage of VA mycorrhizal
infection during the initial survey in each distruct

were identified on the basis of their size, shape, colour,



Table 3 Pramary characlerirsation of Rhiizobium asolates

- e M o e T e Tt e W e R e M M e e e e M W e e M e e W W

Tsolate Gram Growth Growth pH change on
No, reactions annlA Ggﬁ. GrA
R1 - Ve F £ -
R2 - ve F £ -
R3 - Ve F + -
R4 - ve F + -
R5 - Ve F * -
R6 - Ve F * -
R7 - ve F + -
R8 - Ve F £ -
R9 - ve F + -
R10 - ve F + -
R11 - ve F + -
R12 - Ve F + -
R13 - Vve F + -
R14 - ve F x -
R15 - ve F * -
R16 - ve F * -
R17 -ve F * -

- ve Gram negative x Scanty growth

F Fast rate of grovth - No pH change



surface texture, spore content and mode of hyphal
attachment, Only those spore types which were dominant
in the rhizosphere sample so selected were identified,
The spores were typical of Glomus sp. with an average
size of 130 to 175 n (Table &4, Plate 2), They were
globose with simple basal attachment, The colour ranged
between yellow, brown or golden under incident light in
a stereo microscope, The surface texture was usually
smooth with the exception of spores collected at Peechi
which had a slightly rough outer texture, The spore
contents were characterised by the presence of one or

more white to hyaline globules,

2 Screening for efficiency of microsymbionts: effect

of combined inoculation of Rhizobium and VAM in
subabul ,

Ihe result of the asceptic pot culture experiment
conducted to study the efficlency of all the 17 native
isolates of Rhizobirum along with three exotic strains
and the four selected cultures of VA mycorrhiza are

presented below.

2.1 HNodule numbér

There were significant differences between treatments
in the number of nodules formed per plant., The typical
pattern of root nodulation in subabul is illustrated



Table 4 Primary characters of selected spore types of VA mycorrhiza associated
with subabul.
Location Spore spore spore surface spore* spore Identifi-
size shape colour texture contents attach- cation
ment
Mattuppetty 175 Globose Brown Smooth Single Straight Glomus spe.
large
globule
Dhoni 140 Globose Yellow Smooth Two large Straight Glomus sp.
globules
Peechi 130 Globose Yellow Slightly Single Straight Glomus sp.
rough large
globule
Amboori 145 Globose Gelden Smooth Many Straight Glomus sp.
globules

* White to hyaline globules or granules.

eq



Plate 2

Spore of Glbmt_,_lﬁ Spe'



in Fig., 3. Te mean nodule number of 16,73 was

maximum in plants inoculated with the native isolate

of Rhizobium R8 (Zable 5), This was significantly
higher than control and all other Rhizobium treatments,
The effect of mycorrhizal inoculation on nodulation

was also significant, Thus, the use of various
nycorrhizal cultures except M4 along with seed treatment
waith Rhizobium resulted in significantly higher number

of nodules when compared to control,

The interaction effect of both the microsymbionts
on nodulation in subabul was significant, This was
maximm i the R8 x M2 and R18 x M2 treatment combinations
where an average number of 19 nodules were formed per
plant (Table 5), Many other treatments were also
srgnificant and statistically on par with the above

interactionse.

2,2 Pink nogdules

There were significant differences between treatmants
in the number of pink nodules formed per plant, The
mean number of 8,53 pink nodules were maximum in plants
inoculated with the native isolate of Rhizobium RS8
(Table 6). This was significantly higher than control
and other treatments except with R6, R13, R14, R18 and

R19 where the number of pink nodules formed were



Filg 3. TYPICAL NODULE DISTRIBUTION PATTERN IN

SUBABUL SEEDLING




Table 5 Screening for efficiency of microsymblonts -
Effect of combined inoculation of Rhizobium and VA
mycorrhiza on nodulenumber in Subabul

VA mycorrhiza treatment

Rhizobium

treatment MO M1 M2 M3 M4 Mean
RO 0,00 0.00 0.33 0.67 0.33 0.27
R1 10.67 13,33 12,00 3.67 10.67 10.07
R2 8.33 8.67 11,67 14,00 3.67 9,27
R3 10,00 5.33 12,67 11,33 9,33 9.73
R4 14.67 11.33 9.33 14.33 10.67 12,07
R5 8.67 15.67 12,67 12.00 3.67 10,53
R6 8.00 14,67 13,00 14,00 11.67 12.27
R7 9,00 10,67 12,00 11,00 6433 9.80
R8 16,00 14,67 19,00 16467 17.33 16,73
R9 5433 7.67 6,00 12,33 14,67 9.20
R10 10,00 15.00 9,33 14,00 11.00 11.87
R11 13,00 12,67 10.67 12,67 10.33 11.87
R12 9,00 10,67 9.67 10.67 9.67 9,93
R13 12.67 14,00 12,67 11.67 12,33 12,67
R14 11,67 15,00 12,33 7.67 13.00 11,93
R15 5.67 13.67 9.33 13.00 9,33 10,20
R16 6433 12,33 7.67 16,00 8,33 10,13
R17 8.67 8.33 10,00 11,67 5.00 8.73
R18 12,00 10.67 19,00 13,67 10.33 13.13
R19 7.33 18,33 11,33 13.00 13.67 12,73
R20 10,67 15,33 13.33 11,33 8.33 11.80
Mean 9.41 11.81 11.14 11.68 9.51 10.71
CD for comparison R (0.01) 3.42

M (0.01) 1.67
RXM (0.01) 7.64



Table 6 Screening for efficiency of microsymboints-
Effect of combined inoculation of Rhizobium
and VA mycorrhiza on number of pink nodules
in subabul.
Rhizobium VA mycorrhiza treatment Mean
treatment 4 M1 M2 M3 M4
RO 0.00 Q.00 0.00 0.00 0.00 0.00
R1 4.67 8.33 5.67 1,33 6.33 5.27
R2 4,33 4,00 8.00 8.33 0,67 5.07
R3 4,33 1.67 9.33 4.33 2.33 4.40
R4 6,33 6.67 5.00 4,67 3,33 5.20
RS 2.67 8.00 8.00 4,33 1.00 4.80
R6 4.67 8.67 8.33 8.00 6.33 720
R7 3.33 5,00 5.00 4.00 2.00 3.87
R8 9.33 7.00 11.67 7.33 7.33 8,53
R9 1.33 4,00 3.00 6.67 6,00 4.20
R10 6.00 8.00 5.00 6.33 3.67 5.80
R11 7.00 6.67 5.00 5.33 6.00 6.00
R12 3.00 5.67 6.00 5.33 6.00 5.20
R13 7.00 6.67 6.67 7.00 5.67 6.60
R14 8.67 9.00 6.33 3.00 7.67 6.93
R15 2,33 7,00 5.00 8.67 5.00 5.60
R16 1.67 3.33 3.67 8.00 4.00 4,13
R17 3.00 5.67 5.00 6.00 2,33 4.40
R18 6.33 5.67 12,33 7.33 4.67 7627
R19 3.00 11.00 7.33 4.67 6.00 6.40
R20 6.00 8.33 8.33 4,00 3.67 3.09
Mean 4.52 6.21 6.41 5.46 4.29 5.38
CD for comparison R (0.01) 2,35

M (0,01) 1.15
R x M (0.01) 5.25



statistically on par with the above treatment, The
effect of mycorrhizal inoculation on the number of
pink nodules was also significant, Thus, the use of
varlous mycorrhizal cultures except M4 along with

seed treatment with Rhizobium resulted in significantly
higher number of pink nodules when compared to contrel,

The interaction effect of both the microsymbionts
on the number of pink nodules formed in subabul was
significant, This was maximum in the R18 x M2 treatment,
combination where 12,33 pink nodules were formed per
plant, Many other treatments were also significant
and statistically on par v1lth the above interactlon.

2.3 HNodule drvy weight

There were significant differences between treatments
in the dry weight of nodules formed per plant, The
mean dry ight of 0.48 g was maximum in plants inoculated
with the native isolate of Rhizobium R8 (Table 7),
This was significently higher than control and other
Rhizobium treatments except R18 and R19 where the dry
welght of nodules formed was statistically on par with
the above treatment, The effect of mycorrhizal
1moculation on nodule dry weight was also significant,
Thus, the use of various mycorrhazal cultures except
M4 resulted in significantly higher dry weight of nodules

when compared to control.
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Table 7 Screening for efficiency of microsymbionts -
Effect of combined inoculation of Rhizobium
and VA mycorrhiza on dry weight (g} of
nodules in subabul.

VA mycorrhiza treatment

MO M1 M2 M3 M4
RO 0.00 0.00 0,01 0.17 0.03 0.04
R1 0.33 0.39 0.34 0.08 0.34 0.30
R2 0.25 0.20 0.30 0.36 0.07 0.24
R3 0.30 0.14 0.40 0.39 0.17 0.28
R4 0.44 0.25 0.22 0.45 0.20 0.31
R5 0.28 0.43 0.36 0.31 0.10 0.30
R6 0.25 0.35 0.32 0.43 0.40 0.35
R7 0.28 0.24 0.24 0.33 0.19 0.25
RB 0.48 0.34 0.57 0.49 0.52 0.48
R9 0.16 0.22 0.14 0.27 0.32 0.22
R10 0.32 0.37 0.29 0.33 0.20 0.30
R11 0.41 0.37 0.30 0.30 0.34 0.34
R12 0.29 0.28 0.24 0.36 0.26 0.29
R13 0.37 0.37 0.39 0.39 0.40 0.38
R14 0.35 0.34 0.34 0.14 0,29 0.29
R15 0.18 0.34 0.32 0.41 0.35 0.32
R16 0.19 0.28 0.23 0.46 0.16 0.26
R17 0.26 0.20 0.25 0.32 0,09 0.22
R18 0.36 0.34 0.58 0.50 0.28 0.41
R19 0.35 0.55 0.41 0.30 0.37 0.40
R20 0.23 0.37 0.40 0.32 0.25 0.31
Mean 0.29 0.30 0.32 0.34 0.25 0.30
CD for comparison R (0,01) 0.09
M (0.01) 0.04

R x M (0.01) 0.19



The interaction effect of both the microsymbionts
on dry weight of nodules formed in subabul was
significant, This was maxamum in the R18 x M2 treatment
combination where the average dry weight of nodules
formed was 0.58 g (Table 7). Many other treatments
were also significant amd statistically on par with

the above anteraction.

2,4 VA mycorrhizal infection

There were significent differences between treatments
in the extent of root iInfection by VA mycorrhiza in
subabuls, The mean percentage root infection of 54,37
was maximm in plants inoculated with the M2 culture
(Table 8). This was significantly higher than control
and the remaining mycorrhizal treatments, The effect
of Rhizobium inoculation on mycorrhizal infection was
also significant, Thus, the use of R1 Rhizobium culture
along with mycorrhizal inoculation resulted in signifi-
cantly higher percentage of mycorrhizal infection when

compared to control and other treatments,

The interaction effect of both the microsymbionts
on root infection by VA mycorrhiza in subabul was
significant, This was maximum in the M2 X R8 treatment
combination vhere the percentage of mycorrhizal



Table 8 Screeming for efficiency of microsymbionts -
Effect of combined inoculation of Rhizobium
and VA mycorrhiza on percentage VAW infection.

Hazobaun 10 M1 M2 I3 M4 Mean
RO 0.00 55.33 56.67 20.00 51.67 38,33
R1 0.00 71.67 61.00 56.67 66.67 52.00
R2 0.00 50.00 55,00 33,33 33.33 34.33
R3 0.00 41,67 58,33 40.00 31,67 34,33
R4 1.67 16.67 48,33 31,67 58.33 31.33
RS 167 40,00 51.67 18.3> 51.67 32.67
R6 0.00 46,67 48,33 25,00 58.33 35,67
R7 0.00 45,00 43.33 16,67 33.33 27.67
R8 0.00 50,00 76.67 21.67 26,67 255.00
RS 1.67 30,00 66,67 48,33 58.33 41.00
R10 0.00 15,00 51.67 51.67 41,67 32,00
R11 1.67 51.67 58.33 38,33 23.33 34,67
R12 0.00 56.67 51.67 10,00 38.33 31.33
R13 0.00 16,67 56.67 41,67 55.00 34,00
R14 1.67 51.67 48,53 31.67 45.00 35.67
R15 0.00 41.67 58.33 53,33 21.67 35.00
R16 0.00 46,67 65.00 60,00 36.67 41.67
R17 0.00 33.33 43,33 33,33 51.67 33.33
R18 1,67 43,33 61,67 25,00 36,67 33,67
R19 0.00 36.67  33.33 11.67 31.67 22,67
R20 1.67 41,67  43.33 13.33 23,33 24,67
Mean 0.56 L2.,14  S54.37 32,94 41,67 34,33
CD for comparison R (0.01) 9.67

M (0.01) 4,72
RxM (0.01) 21,62



infection was as high as 76,67 (Table 8), Many other
treatments were also significant and statisticelly on
par with the above interactions,

2,5 Shoot height

There were significent differences between treat=
ments in plant height of subabul. The mean shoot
height of 94.2 cm was maximum in plants inoculated with
the native isolate of Rhizobium R8 (Table 9), This
was signaficantly higher than control and all other
treatments, The effect of mycorrhiza inoculation on
shoot height was also significant, Thus, the use of M1
culture resulted in significant increase in shoot
height vhen compared to control amd other mycorrhizal

treatments,

The interaction of both the microsymbionts in
increasing shoot height of subabul was significant
(Plate 3a, 3b and 4), This was meximum in the R8 x M2
treatment combination where an average plant height of
46,67 cm was recorded, Many other treatments were also
significant and statistically on par with the above
interactione
2,6 Shoot dry weight

There were significant differences between treatments

in the dry weight of shoot in subabul, The mean dry
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Table 9 Screening for efficiency of microsymbionts -
Effect of combined inoculation of Rhizobium
and VA mycorrhiza on shoot height Tcm) of
Subabul
VA mycorrhiza treatment
Shizoblum M1 M2 M3 M4 Mean
RO 12,33 46.00 41,00 38.33 40,00 35.53
R1 32.67 32.33 29,33 14,33 23,67 26,47
R2 23,33 284,33 16.67 36467 20,00 25.00
R3 20,00 29.33 19.67 29,00 27.33 25,07
R4 18.00 34,33 17.67 40.00 20.67 26.13
RS 24,00 36,33 33.67 27.33 16,33 27,53
R6 27.67 30.33 31,00 41,33 30.67 32.20
R7 34,00 30.00 17.00 23.67 15.67 24.09
R8 43.67 44,33 46,67 43,33 43,00 44,20
R9 15,33 24,00 20,33 33,00 30.67 24,67
JR10 16,67 34,67 28,00 34,00 18.33 26.53
R11 29.00 31,33 29.67 24,00 28,33 28.47
R12 24,00 35.67 27.33 26,33 18.00 26,27
R13 21,00 28,00 36433 28,67 38,33 30.47
R14 22,67 31.33 36,00 18,33 33,00 28,27
R15 17.67 33.67 23,00 27.00 34.33 27,13
R16 22,00 36.00 25.33 38.00 37.67 31.80
R17 31.00 24.33 17.33 37.67 19,33 25,93
R18 36.00 36.00 44.00 35.33 33.67 37.00
R19 39.67 42,33 25,00 18.67 30,00 31.13
R20 40.33 36400 25,67 21.33 18,67  28.40
Mean 26.29 33.56 28.13 30.30 27.51 29.16
CD for comparison R (0.01) 1.93

M (0.01) 0.94



A I

Plate 3 a Effect of Rhizoﬁii:m inoculation on plant
growth in suba

Plate 3 b Effect of VA mycorrhizal inoculation on plant
growth in subabul



'Plate 4 Effect of combined inoculation of Rhizobium
and VA mycorrhiza on plant growth in subabul.



veight of 5,44 g was maximum in plants inoculated with
the native 1solate of R8 (Table 10). This was
significantly hlgher than control end all other treat-
ments, The effect of mycorrhlzal inoculation o dry
welght of shoot was also significant, Thus, the use
of M1 culture resulted in significantly higher diy
weight of shoot when compared to control and other

treatmentse.

The interaction effect of both the microsymbionts
on dry welght of subabul was significant, This was
maximum in the R8 x M1 treatment combination where
an average dry weight of shoot of 5.83 g was recorded,
Many other treatments were also significant and

statistically on par with the above interaction.

2.7 Nitrogen content of leaf

There were significant differences between treatw
ments in the percentage nitrogen content of leaves.
‘he mean nitrogen content of 4,24 percent was maximum
in plants inoculated with the native isolate of
Rhizobium R8 (Table 11)., This was significantly higher
than control and other treatments except R6 and R18
where the percentage nitrogen content of leaves estimated
was statistically on par with the above treatment, The

effect of mycorrhizal inoculation on nitrogen content
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Table 10 Screening for efficiency of microsymbionts -

Effect of combined inoculation of Rhizobium
and VA mycorrhiza on shoot dry weight ()

of subabul

VA mycorrhiza treatment

Rhizobium

MO M1 M2 M3 M4 Mean
treatment

RO 2,77 4.77 5.00 4,93 5.10 4,51
Rl 4.17 4.30 3.87 3.03 3.27 3.73
R2 3.77 3.73 3.13 4,30 3.20 3.63
R3 3.60 3.80 3.47 3.53 3.60 3.60
R4 3.33 4,50 3.43 4,90 3420 3.87
R5 3.47 4.73 3.50 3.70 2.90 3.66
R6 3.90 3.57 4,23 5.17 4.10 4,19
R7 4,10 3.57 3.10 3.43 2.67 3.37
R8 5.27 5.33 5.83 5.43 5,33 5.44
R9 3.00 3.37 3.30 4,07 4,13 3,50
R10 3.67 4.43 4,10 4,17 3.13 3,90
R11 4.23 4,33 3.83 3.47 3.63 3.90
R12 3.57 4,40 3.63 3.63 2.80 3.61
R13 3.43 3,63 4,23 3.57 4.40 3.85
R14 3.50 4.27 4,53 3.37 4.40 3.93
R15 3.20 4,57 3.47 3.43 4.37 3.81
R16 3.50 4.70 3463 3.83 4,83 4,10
R17 4,00 3,23 3.10 4,17 2,93 3.49
R18 4,33 4.87 5.73 4,30 4,20 4.69
R19 4,30 3.53 3.30 3.27 3.67 4,01
R20 4.03 4.83 3.53 3.43 3.03 3.77
Mean 3.77 4,31 3.90 3.96 3.74 3.94

CD for conparison R (0,01) Ovl9

M (0,01) 0.09

Rx M (0.01) 0.43



Table 11 Screening for efficiency of microsymbionts -
Effect 0f combined inoculation of Rhizoblum
and VA mycorrhiza on nitrogen content (%
of leaf in subabul
VA mycorrhlza treatment
et
MO M1 M2 M3 M4
RO 2.56 2,93 3.00 2,83 2.86 2.84
R1 3.93 3,73 4,10 4.06 4.00 3.96
R2 3.90 3.93 4,03 3.96 3.83 3.93
R3 4.03 3.86 4,06 3.93 3.86 3,95
R4 4,06 3.46 4,06 4.13 3.53 3.85
RS 4.16 3.90 4.16 3.73 3.93 3.98
R6 4.06 3.93 4,20 4,00 4.10 4.06
R7 4,06 3.70 4,20 3.86 3.66 3.89
R8 3.93 3.33 4,33 4,33 4.26 4.24
R9 3.63 3.70 3.83 3.86 3.76 3.76
R10 4.16 3.83 4.20 4.16 3.73 4.02
R11 4,20 3.66 4,13 3.73 3.93 3.93
R12 3.80 4,10 3.96 4,16 4.03 4,01
R13 3.93 3.70 4,10 3.96 3.56 3.85
R14 3.86 3.80 4,00 4.13 4,06 3.97
R15 3.56 3.76 3.96 4,30 3.56 3.83
R16 3.60 3.83 3.76 3.70 3,76 3.73
R17 3.93 4.00 4.20 4.13 3.56 3.96
R18 3.86 4,10 4.40 4,06 4,16 4,12
R19 3.63 3.90 3.93 4,00 4,00 3.89
R20 4.06 4,00 3.83 4.13 3.93 3,99
Mean 3,85 3.82 4,02 3.96 3.81
CD for comparison R (0.01) 0.21
M (c.01) 0.09
RxM (0.,05) 0.53



of leaves was also significant, Thus, the use of
M2 and M3 cultures resulted in significently higher
percentage of nitrogen content of leaves when compared

to control and other treatments.

The interaction effect of both the microsymbionts
on nitrogen content of leaves iIn subabul was significant.
This was maximum in the R18 x M2 treatment combination
where a percentage nitrogen content of 4,4 was obtained
(Table 11)+ Many other treatments were also signifi-
cant and statistically on par with the above treatment

combinatione

2,8 Phosphorus content of leaves

There were significant differences between
treatments in the percentage phosphorus content of
leaves, The mean phosphorus content of 0,24 percent
was maxamum in plants inoculated with the M2 culture
of VA mycorrhiza (Table 12)., This was significantly
higher than control and other treatments except M1 vhere
the percentage phosphorus content was statistically on
par with the above treatment, The effect of Rhizobium
inoculation on phosphorus comtent of leaves was also
significant, Thus, the use of R8 and R12 cultures
along with mycorrhizal inoculation resulted in signifi-
cantly higher percentage of phosphorus content when

compared to control,



Table 12 Screening for efficiency of microsymbionts =
Effect of combined inoculation of Rhizobium
and VA mycorrhiza on phosphorus content (%)
in subabul

Rhizobium VA Mycorrhiza treatment Mean

treatment M1 M2 M3 M4

RO 0.16 0.21 0.23 0.21 0.20 0.20
R1 0.18 0.23 0.25 0,24 0.20 0322
R2 0.19 0.19 0.22 0.20 0.20 0.20
R3 0.20 0.25 0.26 0.20 0.24 0.23
R4 0.18 0.26 0.24 0.19 0.22 0.22
R5 0.19 0.23 0.25 0.24 0.21 0,22
R6 0.17 0.23 0.23 0.20 0.25 0,22
R?7 0.19 0.20 0.25 0.22 0.24 0.22
R8 0.19 0.27 0,29 0.22 0.25 0.24
R9 0.20 0.22 0,22 0.22 0.22 0,22
R10 0.17 0.27 0.24 0.23 0.18 0.22
R11 0.17 0.25 0,21 0.19 0.21 0.21
R12 0.20 0.25 0.25 0.25 0.24 0.24
R13 0.19 0.18 0.25 0.24 0320 0.21
R14 0.17 0.25 0.20 0.20 0:25 0.22
R15 0.17 0.21 0.25 0.21 0.19 0.21
R16 0.19 0.21 0,22 0,20 0.19 0.20
R17 0.19 0.19 0,26 0.16 0.23 0.21
R18 0.18 0.24 0.28 0.20 0.24 0.23
R19 0.16 0.25 0.25 0,23 0.24 0.22
R20 0.19 0.20 0.22 0,22 0.24 0.21
Mean 0.18 0.23 0.24 0.21 0,22 0.22

CD for comparison R (0.01) 0.02

M (c.01) 0.01
Rx M (0,01) 0.03



The interaction effect of both the microsymbionts
on phosphorus content of leaves in subabul was
significant. This was mexamum in the R8 x M2 treatment
combination where a percentage phosphorus catent of
0.29 was obtained, Many other treatments were also
significant and statistically on par with the above

treatment combination.

3 Effect of pH on growth of different isolates

of Rhizobium

The nature of growth and pH sensitivity were more
apparent after 96 h of incubation (Table 13 and 14,
Fig 4). In general, 1t was possible to group various
cultures into two distinct catagories as those which had
maximum growth at pH 6,0 and below (isolate numbers,
R6, R8, R10, R11, R13, R14, R18 and R19) and those which
preferred a slightly higher pH of 7.0 and above (isolate
numbers R4, R5 and R20) for optimumgrowth wnder in

vitro conditionse.

3.1 Effect of soil pH, Rhizobium and VA mycorrhizal

inoculation on nodulation, mycorrhizal infection
and growth in subabul

Two Rhizobium isolates R5 and R8 which had maximum
growth at pH 8,0 and 6.0 respectively wunder in wvitro



Table 13 Effect of pH on growth* (optical density)
of different isoclates of Rhizobium

Isolate pH-4 pH-5  pH-6 pH-7 pH-8
R4 0.01 0.02  0.11 0.10 0.08
RS 0.01 0.12  0.17 0.21 0.19
R6 0.01 0.29  0.21 0.22 0.16
R8 0.04 0.28  0.28 0.28 0.15
R10 0.02 0.07  0.07 0.06 0,02
R11 0.02 0.06  0.09 0.05 0.05
R12 0.02 0.07  0.08 0,02 0.05
R14 0.02 0.06 0,08 0.06 0.01
R18 0.01 0.14  0.24 0.18 0.14
R19 0.02 0.13  0.22 0.21 0.17
R20 0.02 0.11 0,17 0.21 0.15

* After 72 h



Table 14

Effectof pH on growth* (optical density)

of different ilsolates of Rhizobium

790

Isolate pH~4 pH-5  pH-6 pH-7 pH-8
R4 0.02 0.03  0.12 0.15 0.14
RS 0.02 0.15  0.26 0.36 0.37
R6 0.03 0.30  0.38 0.29 0.28
RS 0.05 0.30  0.44 0.36 0.28
R10 0.03 0.12  0.08 0.09 0.09
R11 0.03 0.19  0.18 0.10 0.11
R13 0.02 0.15  0.12 0.07 0.11
814 0.005 0.12  0.17 0.10 0.07
B18 0.01 0.28  0.40 0.32 0.30
R19 0.03 0.31  0.30 0.27 0.22
R20 0.005 0.19  0.19 0.22 0.27

* After 96h
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conditions along with the four selected mycorrhizal
cultures and two different levels of soil pH 6.0 and
7«1 were used for this investigation., Significent
differences between treatments were there cnly in
percentage of mycorrhizal infection, plant height

and dry height of shoot. In general, the R5 isolate
produced more number of nodules at pH 7.1 than at 640
while the 1solate R8 produced more number of nodules
at pH 6.0 ingstead of 7,1 (Table 15), In both the cases,
the dry weight of nodules and the number of pink
nodules formed followed a similar pattem.

The percentage of mycorrhizal infection was signi-
ficantly high due to inoculation w~ith the M2 culture,
This was maximm in the treatment combination of
S1 R8 M2 (Table 15)s The increase in mycorrhizal
infection in treatments such as S1 RO M2, S2 R5 M2,

S41 R8 M2 were also significant and statistically on par
with the S1 R8 M2 treatment, The plent height of 29,67 cm
and dry weight of 4,13 g were also significantly high

in the above treatment, The inerease in plant height

in the 52 R5 M1, treatment and plant dry weight in
treatments like S1 R8 M1, S1 R8 M3, S1 R8 M4, S2 R5 MO,
82 R5 M2 were also significant and statisticelly on

par with the S1 R8 M2 treatment.,



Table 15 Combined effectof soil pH, Rhizobium and VA
mycorrhizal inoculation on nodulation, VAM
infection and growth in subabul

Treatment  Nodule Nodule No. of % VAM Plant Pliant

Combina-~ number dry Pink infect- height dry

tions weight nodules ion (cm) welght

(g) (g)

S1 RO MO 0.00 0.00 0.00 0.00 15,32 3.07

S1 RO M1 0.00 0.00 0.00 3.67 19,67 3.03

S1 RO M2 1.00 0.03 0.33 40,00 18.67 2.87

S1 RO M3 0.33 .01 0.33 18,33 18,33 2.83

S1 Ro M4 0.33 0.01 0.00 18,33 23.00 3.07

S1 R5 MO 5.00 0.12 2.00 0.00 17.33 2.97

St RS M1 5.33 0.15 2.00 36.67 22,67 3.53

S1 RS M2 8.33 0.22 5.00 46.67 19.67 3.10

S1 R5 M3 4,33 0.12 5.00 26.67 21,00 3.27

S1 R5 M4 6,67 0.15 4,67 21.67 15.67 3.17

S1 R8 MO 10,33 0.32 6,00 11,67 17.33 3.53

51 RS M1 11.67 0.41 4.67 35.00 21,33 4.00

51 R8 M2 19.00 0.44 6.00 50,00 29.67 4.13

S1 R8 M3 7.67 0.26 3.33 23.33 18.33 3.83

S1 R8 M4 14.33 0.52 7.00 11.67 24.33 4,03

S2 RO MO 0.33 0.01 0.00 1.67 18.33 2,53

S2 RO M1 0.33 0.01 0.33 23,33 22,67 2,87

52 RO M2 0.00 0,00 0.00 36.57 19.67 2,60

S2 RO M3 0.33 0.01 0,00 25,00 19.67 2.77

S2 RO M4 0.67 0.01 0.00 38.33 19,67 2.63

S2 R5 MO 9,00 0.27 2.67 3.33 21.67 3.83

S2 R5 M1 9.33 0.31 5.00 13.33 29.33 3.87

S2 R5 M2 12,67 0.54 6.67 46.67 25,67 3.77

S2 R5 M3 11,67 0.33 6.67 28,33 19.67 3.50

S2 R5 M4 11,33 0.45 5.33 18.33 20.67 3,23

S2 R8 MO 3.00 0.10 0.67 0.00 22.67 2.77

S2 R8 M1 6.67 0.18 4.33 25.00 18.67 3.27

S2 R8 M2 3.00 0.10 1.00 41.67 20,67 3.13

52 R8 M3 7.67 0.22 4.67 20,00 18.67 2.67

S2 R8 M4 3.33 0.08 2.00 35.00 19.67 2.77

¢p (0.01) NS 0.16 NS NS 2.82 0.30

(0.05) NS NS NS 10.18



The detailed analysis of the data for the indivadual
effect of above factors showed that with the isolates
of Rhizobium and mycorrhizal cultures used during this
investigation, the soal pH chosen did not have a
significant effect on nodule number, nodule dry weight,
number of pink nodules and percentage of VA mycorrhizal
infection (Table 16). At the same time, the effect
of Rhizobium inoculation was significant in increasing
the nodule number, nodule dry weight, number of pink
nodules formed per plant, plant height and plant dry
weight, This effect was more pronounced with isolate
R5 (Table 16), The effect of mycorrhizal inoculation
was also significant in enhancing the nodule dry weight,
percentage of mycorrhizal infection, plant height and
plant dry weight (Table 16). In general such an
effect was more with the M2 culture especially in
significantly ancreasing the percentage of mycorrhizal
infection,

4,1 BSerological characterisation of selected isolates
of Rhizobium

The results of the tube agglutination test with
Rhizobium isolates RS, R8, R18, R19, R20 and R21
(Mimosa indica isolate) against antiserum of RS at

different dilutions ranging from 5 to 2560 1s given in



Table 16 Individual effect of soil pH, Rhizobium and
VA mycorrhizal inoculation on nodulation,
VAM infection and growth in subabul.

Nodule Nodule No. of %VAM Plant Plant

Treatment Number dry pink infec- height dry
weight nodules tion (cm) weight
(g) (g)
Soil pH
s1 5.69 0,18 2,82 24.11 20.16 3.36
s2 5.29 0.17 2.62 23,78 21.16 3.08
cp (0.01) NS NS NS NS NS 0.08
¢o (0,05) NS NS NS NS 0.78
Rhizobium
RO 0.33 0,01 0.10 23.33 19.50 2,83
RS 8.37 0.27 4.10 24.17 21.33 3,42
R8 T.77 0.26 3.97 24.33. 21.13 3.41
cDh (0.01) 1.56 0.05 1.16 NS 0,49 0.10

Mycorrhiza

MO 4.61 0.14 0.89 1.11 18.78 3.12
M1 5.56 0.18 2.72 27.50 22,39 3.43
M2 5.83 0,22 3.17 43.61 22,33 3.27
M3 5.33 0.16 2.67 23.61 19.28 3.14
M4 6.11 0.21 3.17 23.89 20.50 3.15

cp (0.01) NS 0.07 NS 5.23 3.65 0.12




Table 17. The homologus antigen R8 gave positive
agglutination upto a serum dalution of 151280, A similar
reaction with other antigens was observed only at a
lesser dilution of the entiserum, These were 1:160

for R21, 1380 for R18 and 1:40 for R20 isolates,

Hoever, the remaining two cultnres, R5 and R19 showed
no agglutination with the antiserum of R8.

4,2 Tmmuno diffusion test

The results of the tube agglutination test were more
or less confirmed by the immuno-diffusion test except
for the fact that no clear bands were formed with R5,
R18 and R19 antigens (Plate 5)., The remaining isolates
tested produced a clear though non identical band of
precipitation with the serum for isolate RS8.

5 Fine structure studies of root infection by
Rhizobium and VA mycorrhiza an subabul

5.1 Effect of age of plant on root nodulation in subsbul

Any visible indication of nodulatim was seen only
from 15th day of plant growth (Table 18, Fig 5), This
was followed by a period of gradual increase in nodule
number till 70th day (Plate 6). Afterwards, there was
no »such variation in the number of nodules formed in
subabul,



Table 47 Tube agglutination test against antiserum
of isolate R 8

Serum dilutions

Antigen

10 20 40 80 160 320 640 1280 2560
A- (R-8) + + + + + + + + + -
B-{R~=19) - - - - = - - - - -
C= (R=20) + + + + - - - - - -
D= (R=5} - - - = - - - - - -
E= (Mimosa + + + + o+ + - - - -

indica)

F- (R=18) + + + o+ o+ - - - - -




Plate 5 Immuno diffusion plate showing precipitation
bands ( 4, By C,. D, E and F antigens, SA antiserum)




Table 18 Number of nodules formed per plant at
different stages of growth in subabul
Days of Nodule Number Mean | Days of Nodule number Mean
growth 1 5 3 growth 1 2 3
5 o o 0 o 50 14 12 18 14,6
10 0 0 0 0 55 17 16 21 18.0
15 1 0 0] 0.3 60 20 18 23 20,3
20 1 0 1 0.6 65 22 20 25 22,3
25 3 1 2 2.0 70 22 23 27 24.0
30 4 2 3 3.0 75 21 23 27 23.6
35 6 4 4 4.6 80 21 24 25 23.3
40 7 5 7 6.3 85 22 25 26 24.3
45 10 8 12 10.0 90 20 26 25 23,6
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Platé.6.17 Root nodulation on tap root of subabul,



5.2 Scanning Electron Microscopy of root nodules

of subabul

During the early stages of root infection, Rhizobium
was found closely associated vith the root surface
(Plate 7a), Later such cells were found between
the cellulose fibrils prior to entry into the root
tissue (Plate 7b)., The cortical cells responded in a
typical manner towards Rhizobium Infection. In this
process, it was found that the normal cells after
bacterial infection got transformed into cells with
an ipregular shape (Plate 8a and 8b), The presence of
bacteroid within such cells is shown in Plates 9a armd 9b,

Se3 VA mycorrhizal infection

Observation of stained root samples wnder a light
microscope showed the presence of VA mycorrhiza emly
in the root cortex, The distributive hyphae were found
to grow almost parallel to the root axis, occupying much
of the primary cortex depending on the degree of root
infection (Plates 10 a and 10 b), The vé sicles formed
were typically terminal ard oval in shape (Plate 11a and
11b)o They did not show any intra cellular penetration
of cortical cells.
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Plate 7 a I-S!E-f ogia-latera% .xéoot o£ fubabul wi.-tlg v
zobium assoclation at lower magnification
(150 X).

Plate 7 b SHEM of a latersal root of subabul with Rhizobium
association at higher magnification (600 X)
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Plate 8 a SEM of :. normal cells of root cortex

of subabul due to Rhizobium infection
(Mag. 500 X)3
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Plate 9 a SE1 of nodule tissue with bacteroid at
lower magnification (500 X) i

Plate 9 b SEM of nodule tissue wyith bacteroid at higher
magnification (1500 X)&



Plate 10 a A portion of Lateral root of subabul without
VA mycorrhizal association,
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Plate 10 b A portion of the lateral root of subabul
with low level of VA mycorrhizal infection,



Plate 11 a A heavily infected portion of lateral root
of subabul with VA mycorrhiza at lower
magnification (100 %

Plate 11 b A heavily infected portion of lateral root
of subgbul with VA m%'corrhiza at higher
maeghnification (450 X).



6 Effect of different methods of inoculatlion of

Rhizobium and VA mycorrhiza on nodulation,

mycorrhizal infection and growth in subabul

Significant differences between various methods
of 1noculation of microsymbionts were observed only in
nodule fresh weight, percentage VAM infection, shoot
height, shoot fresh weight and percentage phosphorus
content of leaves, Between various treatments ,the
bene ficial effects were more pronounced with the use of
microsymbionts either 10 days before sowing (T1) or at
the time of sowing (T2) in polybag. The nodule number
and nodule fresh welght of 22,50 and 0,805 g respectively
were maximum in T1 treatment (Tatle 19). However, the
extent of mycorrhizal infectlon of 80 percent, shoot
height of 50.25 cm, shoot fresh weight of 5.825 g,
percentage nitrogen and phosphorus content of 4,525
and 0,293 respectively were maximum in T2 treatment,
The increase in mycorrhizal infection in T1 and T3 treate
ments, shoot height in treatments such as T1, T3 and T4 and
percentage phosphorus content of leaves in T1 treatment
were also significant and statistically on par with
the T2 treatwment,



Table 19 Effect of various methods of inoculation of

microsymboints on nodulation
growth in subabul.

VAM infection and

Treatment Nodule Nodule % VAM Shoot Shoot %Leaf %Leaf
atme number fresh infec- height fresh Nitro- phos-
weight tion weight gen phorus
cont- cont-
(g) {cm) (g) ent ent
Tl 22,50 0.805 77.50 48.00 5.575 4.500 0,293
T2 21.50 0.725 80,00 50,25 5.825 4,525 0,293
T3 13,50 0.515 67.50 44.50 5.100 4.400 0.260
T, 15,00 0.483 63.75 44.75 5.250 4.350 0,258
T5 14.25 0,508 65,00 40.50 5.050 4.400 0.258
T6 14.25 0.482 61.25 37.75 4.725 4.275 0,245
T7 13.50 0.480 66.25 38.00 4.900 4,275 0,250
co (0.01) NS NS NS 6.26 0,560 NS 0.02
(0.05) NS 0.230 12.75 NS
T1 = Dual anoculation 10 days before sowlng in polybag
T2 = Dual inoculation at the time of sowlng in polybag
T3 = Dual i1noculation 10 days after sowing in polybag
T4 = Dugl inoculation 10 days before sowing in mursery
T5 = Dual inoculation at the time of sowing in nursery
T6 = Dual inoculation 10 days after sowing in nursery
T7 = Dual inoculation at the time of sowing in main field,



7 Combined effects of VA mycorrhiza, Ralzobium and

fertiliser application on nodulation, VA mycoXzw
hizal infection and forage yield in subabul

Significant differences between treatments were
observed only in plant height and forage yield, The
number of nodules formed (18.3), nodule fresh weight
(0.587 g) and percentage of mycorrhizal infection
(49.9) were maximm in the M=R4N4+P=-, ML R+ N+ R and M.
R= N~ P~ treatments respectively (Table 20, Fig 6 and 7).,
The plent height of 54,3 om was signaficantly high in
the ML R+ N+ P~ treatment when compsred to control and
other treatments except the MS R+ Ne P= and MS R+ N+ P=
treatments, The forage yield of 915 g per plot was
maxamum i the ML R+ N~ P- treatment (Table 20, Fig,8).
This was significantly higher than control and rest of
the treatments except in the MS R+ N- Pe and MS R+ N- P+

treatment combanations,

The individual effects of Rhizobium, VA mycorrhiza
and fertiliser application on above observations wnder
field conditions are given below.

7.1 Nodule number

It was observed that Rhizobium, nitrogen and

phosphorus treatments alone had a significant effect on



Table = 20 Combined effect of VA mycorrhiza Rhizobium, and
fertilazer application on nodulation, mycorrhizal
infection and forage yield in subabul,

Plant Forage
ﬁgmd‘t‘:ti I;gro'gl;%e Zanggtion hedight y:]I..e%d/
welght pLo

i (m) (&)
MwR=N-Pw 2.6 0,060 4 22.3 44
M-R~N~P+ 2,3 0,063 0045 27.3 526
M-R=N+P= 4,0 0,100 6.5 22,3 609
M-R=N+P+ 1.7 0.043 8.8 30,0 651
M-R+N-P= 16,0 0.560 L7 29,3 557
M-R+N~P+ 1043 0,306 645 40,0 634
M-R+N+P= 1843 0.563 0.5 3.0 553
M=R+N+P+ 15.6 0,463 47 38.6 592
MS ReNwP= 2.3 0.060 38.2 40,3 614
MS ReN=~P+ 1.3 0.023 41.1 353 356
MS R-N4P= 3.0 0.079 43,1 44,3 764
MS R-N+P+ 2,61 0.093 30.7 47,3 720
MS RN-P- 1140 04376 3542 49,6 864
NS RN-P= 1143 0.349 42,1 514 848
MS R+lN+P- 1143 0,370 44,0 52.3 828
MS R+N+P+ 14,3 0.470 40,9 51.6 795
ML ReNeP= 2,6 0.070 49,9 46,3 798
ML R-N-P+ 2,6 0,086 46,9 42,0 700
ML R-N4P= 2.6 0.073 42,9 46,3 779
ML R-N+P+ 2.6 0,080 44,0 48,6 747
ML R+N-P- 1540 0.490 49,0 47,0 915
ML R+N~P+ 8.3 0.330 45,9 44,0 691
ML R+N+P= 15,7 0.583 45,9 5443 705
ML R+N+P+ 12.0 0.406 46,9 49,6 TTh

- e e o M E o o m R oca P o o e o e e e e W e o e o =
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Fig 6 COMBINED EF:ECT OF Rhizobium, VAM AND
FERTILIZER APPLICATION ON NODULE NUMBER
IN SUBABUL.
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% VAM INFECTION

Fig 7 COMBINED EFFECT OF Rhizohium,VAM AND
FERTILIZER APPLICATTON ON PEFPCENTAGE
VAM INFECTION IN SUBABUL,
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Fig8 COMBINED EFFECT OF Rhizobium, VAM AND

FERTILIZER APPLICATION ON FORAGE YIELD
IN SUBABUL.
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root nodulation in subabul. Thus, the increase in
the number of nodules formed was significant due to
Rhizobium inoculation and the application of nitroge=-
nous fertiliser (Table 21)., However, such an effect

was also seen in the P- treatment.

7.2 Nodule fresh weight

As in the case of nodule number, Rhigobh;n, nitrogen
and phosphorus treatments alone had a significant effect
on nodile fresh weight, Thus, the increase in fresh
weight of nodules was significant due to Rhizobium
inoculation and the application of nitrogenous ferti-
liser (Table 22), However, such an effect was also
seen in the P~ treatment, The interaction between
phosphorus and Rhizoblum treatment was also significant,.

7.3 VA mycorrhizal infection

Inoculation with appropriate VA mycorrhizal cultures
alone had a significant effect on root infection in
subabul, Thus, the increase in the percentage root
infection was highly significant by the use of both the
standard (Glomus fasciculatum) as well as the local

(Glomug Sp.) cultures of VA mycorrhiza (Table 23),
Further, between the two mycorrhizal treatments, the



Table - 21

Effe?t of VA mycorrhiza (M), Rhizobium (R), fertalizer nitrogen (N) and

~

P205 P) applacation on nodule number under field conditions
Mean of
Re R+ Ne N+ P- P+ M-, MS’ ML
M 2.6 151 7.8 3.9 10,3 Te5 8.9
MS 2,3 12.0 6.5 7.8 6.9 7 7.2
NH" 206 12.8 7.2 8.3 9.0 6.1* 7.7
Mean 2,6 1363 7.2 8.7 8.7 741
N- N+ P- P+ fo] £0,05) (0.01)
R - 1.62
R- 2.3 2.8 2.9 2.2 N 1e -
R+ [12.0 [14.6 || 14.6 | 12.0 P 1. -
Others NS
P= P+
Ne 8.3 6.1
N+ | 9.2 8,2

£Q



Table: 22 Effect of VA mycorrhiza (M), Rhizobium (R), fertilizer mitrogen (N)
and on5 (P) application on nodule fresh w’e:.ght (g) of subabul

under field condationse

Re R+ Ne N+ Pe P+ f{Mean of
M=, MS, ML

0,066| 0.473 || 0,248 0.292 0.321 | 0.219 0.270
0.064] 0.3921 0,203 0.253 0.222 ] 0,234 0.227
0.078} 0.4521 0,244 0,286 0.304 | 0,225 0. 265

BEFT

Mean 0.069| 0,479 | 0.231 0.277 0.282| 0.226

<D (0405) (Q.01)
N- N+ P= P+
R - 0,061
R+ 0,402 0.476 0.491 0.388 PX R 0.065 -
P 0.046 -
Others NS

P= P+

Ne 0.269{ 0,193
N+ 0.205}1 0,259

NeR



Table: 23 Effect of VA mycorrhiza (M), Rhizobium (R), fertilizer
mtrogen (N) and P05 (P) application on percemtage VAM

infection in subabul under field condrtions.

R- R+ Ne N+ P= P+ Mean
M-, MS, ML
5.1 Lo Lo 5e1 4.1 el 4,6

38.2 | 40.6 3941 39.7 40,1 3857 39.4
45,9 | 47.0 48,0 45.0 46,9 46,0 46,5

B & F

Mean 29,8 30.6 30.‘1} 29,9 3004 29.9

N- N+ P- P+ C,D (0.01)
M 597
A1l others NS

R~ | 30.2 29.3 30:9 28,7
R+ | 30.6 3045 2%.9 31.2

P~ P+

N- 3003 30.5
N+ | 30,5 29.3




A A

application of the local culture was more beneficial
in significantly enhancing the extent of root
infectione

7.4 Plant height

A1l treatments involving microsymbionts and ferti-
liser application had a significant effect am plant
height, Thus, the increase, in plant height was
significant due to Rhizobium and mycorrhiza inoculation
and the application of nitrogenous and phosphorus
fertilisers (Table 24). A similar trend was also observed
in the M x R and M x P interactions,

7.5 Forage yield

Rhizobium, mycorihiza and nitrogen treatments alone
had a significant effect on forage yield, Thus, the
increase in yleld was highly significant due to Rhizobium
and mycorrhiza inoculation =znd the application of nitro-
genous fertilizer (Table 25), A similar trend was also
observed in the Rx M, NX M, N x R and P x M interactions.

In addition to the above major growth parameters,
following observations on foliage colour, chlorophyll

content, percentage nitrogen, protein and mimosine content



Table: 24 Effect of VA mycorrhiza (M), Rhizobium (R), fertilizer
nitrogen (N) and P.0 ?P) aoplication on plant height
(cm) of subabul unée?‘ field conditions,
R- R-l-gfT Ne N+ P- P+ (Mean of
M-, MS, ML
M 25.5 | 3645 29.8 32,25 28,0 34,0 31.0
Ms 1.8 | 51.3 Lh,2 48.9 46,7 46,4 46,5
ML 45,8 | 48,7 4,8 49.8 48,5 46,0 47.3
Mean 3707 4505 39.6 43.6 41-1 42.2
smcau e
CD for comparang
N- N+ P- P+ "
MR
R- 3506 39-8 37-0 38.4 R
R+ 43-6 47.4 4501 45'9 N
Mean MXP
P
Other
P P+
N- 39,2 40.0
N+ 4209 Mo3

(0.05).

(Q.01)
1064
2,32
1.34
1.34
2,32

C6



Table: 26 Combined effect of VA mycorrhiza, Rhizobium
and fertilizer spplication on foliage colour and
chlorophyll content of subabul under field conditirons,

Folrage Chlorophyll-a Chlorophyll-b Total Chlo-

Treatment Colour rophyll

(Score) (mg/g) (mg/g) (me/g)
M~ ReNeP- 1.7 0.2181 0.3811 0.3383
M- R=N-P+ 1.7 0,2681 0.3511 0.4245
M= R=N4+P- 2.7 0.2781 0.7 344 0.6911
M- R-N+P+ 2.7 0.3018 0,9273 0.8611
M- R4N-P- 3.7 043635 0.9262 0.8780
M- R4N-P+ 2.7 0.4820 0.5841 1.0959
M= R4N+P- 3.3 0.8359 0.8477 1.2849
M- R+4N+P+ 347 0.7612 0.9711 143849
Ms R-N-P- 147 0.4120 0.9145 0+5103
Ms ReN-P+ 1.7 0.4395 0.7458 0.6478
Ms R-N+P- 2.7 0.5940 0.8897 0.9567
Ms R-N+P+ 3.7 0,6357 0.9339 0.9279
Ms RlNwPa 4,3 0.8337 0.5485 1.,0832
Ms R+4NwP+ 4.0 0.8490 0.7585 1e3222
Ms R+N+P=- 3e7 0.7934 0.9428 0.9432
Ms R+N+P+ 2.7 049156 1,0484 1.6391
ML ReN-P- 1.3 045344 0.4760 0.6291
ML ReNe~P4 1.7 044920 0.5966 0.6343
ML R-N+P- 3.0 0.6664 0.6939 1. 1449
ML ReN+P+ 37 0.5836 0.6590 1.3822
ML R+N-P- 2.7 0.7917 0.6392 0.7426
ML R+N-P+ 3.3 0.8956 0.7625 0.9137
ML R4+N4P- 4,7 140512 0.9002 145537
ML R4N+P+ 4,3 0,9266 0.9055 1.4880



Table 25. Effect of mycorrhiza (M), Rhizobium (R), fertiliser m.trogen (N) and P205(P)
application on forage yield of subabu tg) under field condrtions.
T - Mean of
R R+ N- N+ Pe P+ N-,Ms,Ma
M- | 558.4 596.8 T 552.2 601.6 540,8 6160 579.2
Ms )| 689.6 833.6 745.6 777 .6 768,0 75532 761.6
ML | 756.8 TT1e2 776.0 752.0 800,0 728.0 763.2
Meen || 668.8 73444 692.8 710.4 702,54 699,2
€D £9403) (Q401)
N- N+ P- P+ M - 27,8
- RxM - 39.52
Re [625.,6 710.4 [[668.8 6?8.8 R - 22,72
R+ |[760 707.2 ||737,6 731.2 N xHM - 39.52
N X R - 32016
P_ P+ N 17.1 -
PxHM - 39,52
Ne- 697.6 686,4 Others NS
N+ 707.2 713.6

F6




of leaves were also taken during this Investigatione.

Significant differences between treatments were
observed only in chlorophyll-a and chlorophyll=b content
of leaves, In the score chart for foliage colour, the
maximum score of 4,7 wvas obtained in the ML R+ N+ P=
treatment (Table 26). The chlorophyllea content of 1.0512
was also maximum in this treatment, However, chlorophyll-
b content and total chlorophyll content (Table 26,

'ig 9) was maximum in the MS R+ N+ P+ treatment.

The individual effects of Rhizobium, VA mycorrhiza
and fertiliser appllcation on above observations are

glven below,.

7.6 Foliage colour

It was observed that Rhizobium and nitrogen treatments
alone had a significant effect on foliage colour, Thus,
the positive increase in foliage colour was significant
due to Rhizobium inoculation and the application of
nitrogenous fertiliser (Table 27). A similar trend was
also seen in the NxM and NxR interactions.

7.7 Chlorophyll-a content

Rhizobaum, mycorrhiza and nitrogen treatments alone
had a significant effect on chlorophyllea content of

leaves, Thus, the increase in chlorophyll-a content was



Table: 26 Combined effect of VA mycorrhiza, Rhizobium
and fertilizer zpplication on foliage colour and
chlorophyll content of subatul under field conditions.

- we M ek e e e M w Em e T W M wm Mm e Em M B R M B M M W s W S W = - =

Folrage Chlorophyll-a Chlorophyll-b Total Chlo-

Treatment Colour rophyll

(Score) (mg/g) (mg/g) (mg/g)
M~ ReNePe 1.7 0.2181 0.3811 0,.3383
Me R-N-P+ 1.7 0.2681 043511 0.4245
Me ReN+P- 2.7 042781 0.734Uls 0.6911
M~ ReN+P+ 2.7 0.3018 0,9273 0.8611
M R+N-P- 3.7 0.3635 0.9262 0.8780
M~ R4N-P+ 2.7 0.4820 0.5841 1.0959
M~ R4N4+Pa 3,3 0.8359 0.8477 1.2849
M- R+N+P+ 3.7 0.7612 049711 1.3849
Ms R~N-P- 1.7 044120 0.9145 0.5103
Ms ReN-P+ 1.7 0.4395 0.7458 0.6478
Ms R=N+P= 2.7 045940 0,8897 0.9567
Ms R-N+P+ 3.7 0.6357 0.9339 049279
Ms R+NePw 4,3 0.8337 0.5485 1.,0832
Ms R4N~P+ 4.0 0.8490 0.7585 1.3222
Ms R+li+P= 3.7 0.7934 0,9428 0.9432
Ms R4N+P+ 2.7 0,9156 1.,0484 1.6391
ML ReNwP- 1.3 0,534k 0.4760 0.6291
ML R~N<P4 1,7 0.4920 0.5966 046343
ML R~N+P=- 3.0 0.6664 0.6939 1.1449
ML R-N+P+ 3.7 0.5836 0.6590 1.3822
ML R+N~P=- 2.7 0.7917 0,6392 0.7426
ML R+N-~P+ 3.3 0.8956 0.7625 0.9137
ML R+N4P- 4,7 1,0512 0.9002 1.5537
ML R4+N4+P+ 4,3 0.9266 0.9055 1.4880



Fig 9. COMBINED EFFECT OF Rhizobium,VAM AND
FERTILIZER APPLICATION ON TOTAL
CHLOROPHYLL CONTENT IN SUBABUL,
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Table: 27 Effect VA mycorrhiza (M), Rhizobium (R), fertilaizer nitrogen (N)
and P205 (PX application on foliage  colour of subabul
Re R+ N- N+ P- P+ Mean
M-, NS, ML
M 2,2 3.3 2.4 3.1 2.8 2.7 2.8
Ms 2h 347 249 342 31 3.0 3.0
ML 2.4 3.8 2.5 349 2.9 3e3 341
Mean 263 3.6 2¢5 3-4 2.9 29
€D £0.05)
Ne= N+ P~ P+ R -
NxXM -
R- 106 3-1 2.2 205 NXR -
R+ 3.4 3.7 3.7 34 N -
Others NS
P P+
N— 206 2!5
N+ 3.3 3-4

LB



W

significant due to Rhizobiun and VA mycorrhiza inoculation
and the application of nitrogenous fertiliser

(Table 28)e A similar trend was also observed in

PxR, NxM, NxR and RxM interactionse.

7.8 Chlorophyll-b content

Rhlzobium, mycorrhiza and nitrogen treatments alone
had a significant effect an chlorophyll~b content, Thus,
the increase in chlorophyll-b content was significant
due to Rhizobium and VA mycorrhiza inoculation and the
application of nitrogenous fertiliser (Table 29).

A similar trend was also observed in the RXM interaction,.

7.9 Total chlorophyll content

All treatments involving inoculation of micro=
symbaonts end fertiliser application had a significant
effect on total chlorophyll content. Thus, the increase
in total chlorophyll content was significant due to
Rhizobiwm and mycorrhiza inoculation and the application
of nitrogenous and phosphorus fertilisers (Table 30).

A similar trend was also observed in the R¥M and NxM
interactions,

Significant differences between treatments were also
observed in the percentage nitrogen, protein and mimosine
content of leaves, The percentage nitrogen and protein



Table: 28  Effect VA mycorrhiza (M) Rhizobium (R), fertilizer nitrogen (N)
P05 (P) application on chiorophyll-a content (mg/g) of subabul

Re R+ N- N+ P- P+ M_‘:Ieﬁg’ -

0.2665 | 0,6106]] 0,3330 | 0.5442 0.,4239 0.4533 0.4386
065203 | 0.8479l 0,6335 | 0,7347 0.6583 047099 0.6841
0.5691 | 0.8938|| 0.6559 | 0.8070 0.7610 0.7020 0.7315

g & ¥

Mean 0.4520 | 0.7841)1 0,5408 | 0.6953 0.6144 046217

[o)0] £0.05) (Q:01)
N- N+ P- P+ M - 0.0521
R - 0.0425
R~ 0.3940 | 0.,5100ff 0.4505 | 0.4534 NXM 0.0551 -
R+ || 0.6876 | 0.8807 0.7782 | 0.7900 NXR 0,0450 -
N - 0.0425
RXM 0.0551 -
PXR - 0,0602
P- P+ Others NS
N 0.5256 | 0.5560
N+ [ 0.7032 | 0.6374

66



Table: 29 Effect VA mycorrhiza (M), Rhizobium (R), fertilizer mtrogen (N)
P205 (P) application on chlorophyll=b content (mg/g) ofsubabul
Rw R+ Ne N+ P= P+ Mean
ML M2 M3
M- 0.5986 048323 0.5606 0.8701 0.7224 0.7084 04,7154
Ms 0.8710 0.,8246|] 0.,7418 0.9537 0.8239 | 0.8717 0.8478
ML 0, 6064 0,8019 0.,6186 0.7897 0.6773 047309 0.7041
Mean 0.6920 0.8196 0.,6403 0,8712 0.7412 | 0.7703
()] (0.03)  £0.01)
Ne Ne Pe P+
M - 0.0935
R- | 0.5775 0.8064f 0.6816 | 0.7023 R - 0. 13:3
Re | 047032 0.9360| 0.8007 | 0.8384 R - 0.0764
Others NS
P~ P+
N"' 0. 6"'76 0' 6331
N+ 0.8348 0.9076l

00T



Table: 30 Effect VA mycorrhiza (M) Rhizobrum (R), fertilizer nitrogen (N)
and P205 (P) application on total Chlorophyll content {mg/g) of subabul.

Mean of
R~ R+ N N+ P- P+ M-, NS, ML
M- 0.5787 1.1609 0.6842 | 1,0555 0.7981 0.9416 0.8698
MS 0.7607 1.2469 0.8909 | 1.1168 0.8734 1.1343 1.0038
ML 0.9476 1.1745 047299 | 1.3922 1.0176 1.1046 1.06114
Mean 047623 1.1941 0.7683 | 1.1881 0,8963 1.,0602
|
cb (0,05) (2.01)
Ne N+ P- P+ M - 0.1488
R - 042105
R 0.5307 0.9940 07117 | 0.8130 R - 0.1215
R+ 1.0060 1.3823 1.0809 { 1.3073 NXM - 0.2105
N - 0.1215
P - 0.1215
Others NS
P- P+
N~ 0.6969 0.8398
N+ 1.0957 1.2805

mrwsoti



content of 4.6 and 28,5 respectively were significantly
high in the M~R+NeP+ treatment when compared to control
and other treatments without Rhizobium inoculation and or
the application of nitrogenous fertiliser (Tahle 31,
Fig.10). The percentage phosphorus content of 0,28

was also maximum in the above treatment combination.

The percentage mimosine content of 3.2 was significantly
low in M= Re Ne P=, MS R= Ne P+, MS R+ N= P+ and

ML R+ N= P= treatment combinations, when compared to

most othe treatments.

The andividual effects of Rhizobium VA mycorrhiza
and fertiliser application on above observations are

given below:

7.10 Nitrogen content of leaves

A1l treatments anvolving inoculation of microsym-
bionts and fertiliser application had a significant effect
on the percentage nitrogen content of leaves, Thus,
the increase in the nitrogen content was significant due
to Rhizobium and mycorrhiza inoculation end the application
of nitrogenous and phosphorus fertilisers (Table 32).

A similar trend was also observed in the Rxtl, NxM, NxR
and PxM interactions.



Table: 31 Combined effect of VA mycorrhiza, Rhizobium
and fertilizer application on leaf nitrogen,
protewn, phosphorus and mimosine content of
subgbul under field conditions,

Tttt Tt r% Leaf ;6 I-.eai‘ % Leaf % Mimosine
Teamens  BUTER  Emn  Pumire conte
MeR=N=P- 3.5 22,1 0.18 3.2
M-R=-N~P+ 3.7 22,9 0.28 el
M-R=N+P= 4,5 27.3 0.16 4.1
M~R-N+P+ 4,5 28,4 0.26 349
M-R4N-P- 4,0 24,8 0.19 4.1
M=R NP + L4 27 1 0.27 349
M~-R+N4P= 4.4 26,6 0.18 349
M-R+N+P+ 4,6 28,5 0,28 3.5
MSR-N~P- 363 20.2 0.25 35
MSR=M-P+ 3¢5 21.9 0.25 3.2
MSR=N 4+P- 4,1 2540 0.26 L1
MSR=N+P+ 4,2 26,9 0,26 3.8
MSRAN=~P- Loy 26,7 0.28 3.4
MSR4N=P+ 4,5 278 0.24 3.2
MSR A+ +P= 4,3 26,9 0.27 3¢5
MSR+N+P+ 4,2 2643 0.7 3.6
MLR=N-P- 3.8 235 0.26 3.5
MLR~N-P+ 367 23,2 0.26 3¢5
MLR-N4+P~ L 25,6 0.27 4,0
MLR=N4+P+ 4,1 25.6 0.28 37
MLR4N=P~ 4,5 27.1 0.28 3.2
MLR+N=P+ 4.5 271 0.26 346
MLRN4P= 44 274 0.28 3¢5
MLR4N4P+ 4,3 26.8 0.28 3.8

M M W W W w W e @ @ e @ M S ey em M e S A EA W W W Pe W o e T o e w G0

€D (0.01) 0.3 1.8 N8B 0.3
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Table: 32 Effect VA mycorrhiza(M) Rhizobium (R),; fertilizer mtrogen (N)
g application on leaf N content (%) of subabul,
Mean
R- R+ N N+ P-. P+ M MS ML
M" 4.05 4033 3'90 4.49 4.08 4.31 4.20
MS 1 3.77 4,36 3.92 he21 4,02 Lem 4,06
ML 3,93 Lol 4.12 423 4.18 4.16 417
Mean | 3.91 437 3.98 831 4009 | 419
¢ 0,01)
Ne N+ Pu Py M 0.1
RXM 0.13
R~ | 3.60 | 424 3,87 3,97 R 0.08
Re | 4.36 437 432 b2 N 0.13
NXR 0.11
N 0.08
PXM 0.13
e - P 0.08
Others NS
N- | 390 4,06
N+ 4.29 4.33

FOT
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7.11 Protein content of leaves

A1l treatments involving inoculation of micro-
symbionts and fertiliser application had a significant
effect on the percentage protein content of leaves.
Thus, the increase in the protein content was
signiflicant due to Rhizobium and mycorrhiza inoculation
and the application of nitrogenous and phosphorus
fertilisers (Table 33)., A simlar trend was also
observed in the RxM, NxM and PxM interactionse

7.12 Phosphorus content of leaves

Rhizobihi mycorrhiza and phosphorus treatments
alone had a significant effect on the percentage phos=
phorus content of leaves, Thus, the Increase in
phosphorus content was significant due to Rhizobium
and mycorrhiza inoculation and the application of
phosphorus fertiliser (Table 34), A similar trend was
also observed in the NxM, PxM, PxN and PxR interactions,

713 Mimosine content

Mycorrhiza and nitrogen treatments alome had a
significant effect on the percentage mimosine content
of leaves. The decrease in mimosine content was
highly significeant due to mycorrhizal inoculation
(Table 35, Figo11)s It was further observed that inocue
lation with the standard culture of VA mycorrhiza



Table: 33 Effect VA mgcorrhlza (M), Rhizobium (R), fertilizer nitrogen (N)

and P205 (P) application on percentage protein content of subabul.
Re R+ N N+ P~ P+ Mean of i
M- MS
Me 25,2 26.8 2h.2 27.7 25.2 26.7 25.9
MS 23.5 26,9 24,2 26,3 24,7 25.7 25.2
ML 24,5 27 1 25,2 2644 25,9 25.7 25.8
Mean 244 26,9 24.5 26 .8 25.3 26.0
cD (0.05) (0.01)
N N+ P P+ M - 0465
RXM - 0,92
Re 22,3 26.5 23.9 24.8 R - 0.53
R+ 26,7 27.1 26.6 27.3 NXM - 0.92
| NXR - 0475
N - 0453
Pm - 0-92
P P+ P 0. 40 -
N- 2h41 25.0
N+ 26.5 27.1

a0t



Table. 34 Effect VA mycorzhiza (M), Rhizobium (R), fertilizer nitrogen (N)
and P,0; (P) application on P,0g Content (%) of subabul.
Mean of
Re R+ Ne N+ P= P+ M-, MS, MG
M- 0.22 0.23 0,23 0.22 0,18 0.27 0.22
MS 0.26 0.27 0.25 0.27 0.26 0.26 0.26
ML 0.28 0.27 0.27 0.28 0.2% 0.27 0.27
Mean 0.25 0.26 0.25 0.25 0.24 0.26
N~ N+ P- P+
¢ (0.05)  (0.01)
Re 0.24 0.25 0.23 0.26 M 0.0076
R+ 0.26 0.26 0.25 0.27 R 0.0061
NM 0.0107
PxXM 0.0107
P- P+ PXR 0.0066 -
PXN 0.0087
Ne 0,24 0.26 P 0.0061
N+ 0.23 0.27 Others NS.
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Table: 35 Effect of Rhizomum (R), VA mycorrhiza (M), fertilizer n_ trogen (N)
and }?205 P) applicat.on on mimosine content of subabul
R=- R+ Ne N+ P- P+ Mean
Yo, MS, ML
M- 3.68 3.84 3.66 3.87 3.83 3,70 3.76
Ms 3.56 3443 3.23 3.76 3.53 347 3450
ML 3.67 352 345 3Tl .56 3.63 3.60
Mean 3.64 3.& 3.45 3.79 3-64 3.60
€D (Q.03) £0.,01)
N= N+ P- P+ M - 0.11
R x M - 0-15
R~ 3.33 3.93 3.69 3.58 N xNM - 0.15
R+ 3456 3.63 3.59 3. 61 N x R - 0.12
N - 0.09
PxM - 0.15
P= P+ P X N 0-09 -
N— 3-["3 3-47
N+ 3.85 3.73

20t
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(Glomus fasciculatus) resulted in maximum reductim

in the mimosine content. The decrease in mimosine
content was also significent in RxM, NxM, and PxM
interactions. A reduction in mimosine content though
nonsignificant was also obtained in the R+ and P+
treatments, However, a highly significant increase
in mimosine content was observed due to application

of nitrogenous fertiliser,
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DISCUSSION

Agriculture began with the onset of human civilisation
and saince then the destiny of mankind has depended on food
and fuel for himself and fodder for his domestic amimals,
In the beginning, land was cultivated for food purpose
while the requirements of fuel and fodder were met mainly
by forest vegetation and vast stretches of grazing lands
within or outside hunan settlements, However, with the
increase in population pressure the need for food grains,
became g0 great that many of these exclusive areas for
fuel and fodder got converted to agricultural land. This
resulted in the elimination of vast stretches of our natural
resources for fuel and fodder, It as in this context that
the concept of an agricultural practice sustaining the
ecology becomes important. How can we achieve this goal?
Wle may succeed to some extent by growing high yielding
varieties of crop plants and by cultivating wherever
possible, plants like subabul that can be used both for
fuel and feed purposes. In Kerala, the Gandhi Smarak Nidhi,
Trivandrum, has been trying to popularise this crop for last
few years. But probably due to the acldic nature of the
soll ain the State subabul has not come up well. One of the
primary reasons cited for the non establishment of thas
plant in acadic so1l 1s the lack of an efficient Rhrzobium




symbirosis (Helliday, 1981). Besides the availabrlity of
some of the major plant nutrients like phosphorus will
be low 1n such soil and for a plant without adequate root
hairs, (Muans and Mosse, 1980) switable VA mycorrhizal

assoclLation will also be of great importance,

In the first part of this investigation, a survey was
conducted at 17 different locatrons in four districts of
Kerala namely, Idukk:i, Palghat, Trichur and Trivandrum
(Fig. 1) to study the nature and antensity of nodulation
and VA mycorrhizal infection in subabul, This showed that
the extent of root nodulation by Rhizobium and root infection
by mycorrhiza at all these locations were poor (Table 2).

The average nodule number of 7.7 was maximum at Vellanilkkara
and Pattom while at other places such as Peerumedu and
Kolahalamedu in Idukki district, the number of noduly

formed per plant was as low as 1.5 and 1.7 respectively.
Similarly the percentage of mycorrhizal infection was slso
relatively low at most of the survey locations, Maximum

root infection of 25.5 percent was recorded at Dhoni in
Palghat District. The reason for this poor nodulation

and root infection by mycorrhiza at dirfferent survey locations
can be the lack of sufficient number of suitable Rhizobium

and VA mycorrhiza in the soil, It 1s under such circumstances,

the need for inoculation of legumes with sultable Rhizobium



and mycorrhiza becomes important (Alexander 1961; Date,

1970 and Asai, 1944), The number of mycorrhizal spores
present in the rhizosphere sorl did not have any relation

t0 root infection by VA mycorrhiza. Such lack of correlation
between mumber of spores present in the soil and the extent
of root infection has been reported earlier by Mosse and

Bowen (1968).

As natural nodulation and root infection by Rhizobium
and VA mycorrhizs was poor in all the four districts,
rhizosphere samples from each survey location were collected
and brought to laboratory for the isolation and characteri-~
sation of Rhizobium and VA mycorrhiza. In all 17 cultures

of Rhizobium were isolated, They were all Gram negative
wrth a fast rate of growth of 48-~72 h on yeast extract
mannitol agar medium (Table 3). The fast growing hature
of subabul Rhizobium has been reported earlier by Trinnick

(1980). Isolation of mycorrhizal spores was done only from
one location in each district, Mattuppetty, Dhoni, Peechi

and Amboori, where natural root infection by VA mycorrhiza

was maximum, At these locations, the percentage of
mycorrhizal infectlon was 20.5, 25,5, 24,5 and 19.5 rese
pectively (Table 2). It was found that out of the four common
geffira of VA mycorrhiza commonly seen in soil, Glomus sp.

was found associated with subabul at all the above locations,

The adentification was done mainly on the basls of spore
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sLze, shape, colour, surface, texture, spore conlent
and bagsal attachment (Table &4, Plate 2). The assocration
of Glomus sp. with subabul has been observed earlier by

Sivaprasad et al. (1983).

A1l the 17 isolates of rhizobia and the four selected
VA mycorrhizal cultures were screened for nodulation and
root infection efficiency under aseptic pot culture
conditions using the K8 variety of subabul. The inoculation

response of plants wath the Rhizobium isolate R8 was superior

to all other isolates including the three exotic strains

from mif TAL, IARI and ICRISAT, Thus, the increase in nodule
humber, number of pink nodules formed per plant, nodule dry
weight, shoot height, shoot dry weight percentage nitrogen

and phosphorus content of leaves were sipmificantly high in
plants pretreated with this culture of Rhizobium (Table 5 - 12).
Hence this 1s0late was selected for further studies under

field conditions,

The type of variations recorded in the symbiotic
efficiency of different 1solates of rhizobia was similar
to that observed earlier by Santhanakrishnan et al. (1980).
It 1s for this reason, there is the need for conducting
ah initial screening of Rhizobium isolates before selectang
an efficrent culture for a particular crop., The beneficial

effects of Rhizobium inoculation on nodulation and other
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plant characters both under aseptic and field conditions

are already well documented,

Among the four local cultures of VA mycorrhiza
tested for efficiency, M1 and M2 cultures were found superior
to the remaining two 1solates. The percentage of mycorrhizal
infection was maxamum with I12 culture (Table 8). The interw
actlon of thas culture with Rhizobium was also positive
and more beneficial than other cultures of VA mycorrhiza
testeds This was especlally so in the interaction with the
native i1solate of Rhizobium R8 and the exotic strain R18,
In these beneficiral anteractions, the nodule number, number
of pink nodules rormed per plant, nodule dry weight, shoot
height, shoot dry welght, percentage nitrogen, and phosphorus
content of leaves were maxamum (c f. Table 5=12), Hence this
culture of VA mycorrhiza was selected for further studies
under field conditions. As in the case of Bhizobium ino=-
culation the benericial effects of VA mycorrhizal association

in crop plants are also well documented.

Since one of the main objectives of this anvestigation
was to develop an efficient native culture of Rhizobium
for subabul suitable for acidic soils, an in vitro study
for pH sensitavity using the R8 culture and seven other

native and 3 exotic strawns of Rhizobium was conducted,

The growth pattern of these cultures showed that they could



be grouped into two distinct cabegories as those which grew well
at pH 6,0 and below such as the isolates, R6, R8, R10, R11,
R15, R14, R18 and R19 and those which had maximum growth at

pH 7.0 and above, like isolates R4, R5 and R20, (Table 13 and
14, Fig.4), The pH sensatavaty of subabul Rhizobium has
attracted considerable attention earlier also {Halliday, 1981,
Ahamed and Ng, 1981). However, since most of these studies
were conduckted wath Rhizobium isolated from plants growling

in neutral to alkaline soll, the cultures were found to be
more sensitive to acidic pH, But in the present investigation,
it was observed that majority of the isolates tested including
R8 culture could grow well at pH 6.0 and below. This may be
due to the reason that they were 1nitially isolated from
plants growing in soil #ith a pH of 6.0 and below, This
observation was further supported by the fact that 1solate

R5 from , neutral soil of pH of 7.1 did hot grow well at low
pH.

Rhizobium 1solates R8 and R5 were further selected for
studies on the effect of soil pH on root nodulation in subabul.
The two levels of soil pH selected were 6.0 at 7.1 respectively
which were identical to the pH of the soil from where the RS
and R5 cultures vere imitially isolated. The four mycorraizal
cultures, M1, M2, M3, and M4 were also used for this investi-

gatron, In general, it was observed that isolate RS produced



mora number of nadulen f pll 7.1 while the othar inolnale RO
produced maximum number of nodules at pH 6,0 (Table 15),
The effect of pH on root nodulation in subabul has been
studred earlier also by fhmad and Ng (1981), The two levels
of pH chosen for this study had no significant effect on

VA mycorrhiza., The root infection was maxamum with M2
culture. Further, 1t was also observed that mycorrhizal
inoculation had a favourable effect at both pH on nodule

number, nodule dry weight, plant height and plant dry weight,

The indaividual effects of Rhizobium, VA mycorrhiza and
pH on various plant characters were also studied. The effect
of Rhizobium inoculation on nodulation, plant height and
plant dry werght and that of VA mycorrhiza on nodule dry
weight, mycorrhizal infection, plant height and plant dry
welght were highly significant (Table 16), However, it was
interesting to note that with the two Rhizobium i1solates
selected for this study, the variations in soil pH introduced,
6.0 and 7.1, were not critical in producing any significant
difference 1n nodulation by these cultures. This in fact
indicated that minor variations in soil pH are not going to
affect root nodulation by Rhizobaum 1n subabul even if thewir

pH sensitavity under in viiro conditions are different.

This can be due to a natural buffering action in the rhizosphere

soil either by hos. mediated factors or by Rhizobrum 1tself,



In this connection, it may be important to recollect the
suggestion of Halliday (1981) that one should look for
'base exuding rhizobra to alleviate the acid soil stress

on subabul Rhizobium symbiosis',

The serological relation between isolate R8 and five
other cultures, R5 (from neutral soil) R18, R19 and R20
(exotic strains) and R21 (isolate from Mimosg indica) was
studied both by tube agglutination and immuno diffusion
tests. Positive agglutination with heterologus isolates
was obtained only with R18, R20 and R21 cultures (Table 17).
This was further confirmed by immuno diffusion test except
for the fact that no clear bands were visible with isolate
R18 (Plate 5). It is likely that isolates R20 and R21 had
more antigens in common with the R8 culture. However, from
the natur%f precipitation bands, they were only related but
non identical strains. This type of sharing of common
antigens by heterologus rhizobira warth that of subabul is
in agreement with the earlier work of Tranmick (1980), The
remaining two cultures, R5 and R19 were apparently distinct
strains as they did not show any positive reaction with the
antiserum of R8 culture.

The Rhazobium culture R8 was also used to study the
effect of age of host plant on root nodulation in subabul
and nodule fine structure, It was observed that a visible
andication of nodule formation was there only from 15th day

of plant growth (Table 18 and Fig. 5). Afterwards, there was
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an ancrease in nodule mumber till 70th day. This meant that
in subabul, the initial nodulation phase was rather prolonged

when compared to many other grain and other fodder legumes.

The fine structure studies of root nodules under a
scanning electron microscope showed that during early stages
of root infection by Rhizobirum, bacteria was closely adhering
to root surface probably between the cellulose macrofibrils
(Plate 7a and 7b). It may be entering the root cortex for
nodule initiation by this route as root hailrs are vartually
absent in the subabul. However, 1t must be pointed out that
this is only an assumption made here and that it requires
further confirmation, The response of cortical cells to

Rhazobium infection was similar to that normally occur in other

legumes, The bacterial infection resulted in the transe
formation of normal cortical cells to cells wath irregular shape
(Plate 8a and 8b). One could also visualise the presence

of bacteroids within such cells (Plate 9a and 9b). The
presence of bacteroids within nodular tissue indicated that

the root nodules formed by isolate R8 was efficrent and
nitrogen fixing., The relation between the presence of bacteroid
within nodule tissue and nitrogen fixation was first reported

by Bergrson and Briggs (1958),

The nature of mycorrhizal infection was studied after
inoculation with M2 culture. Photomicrographs clearly showed
r
the typical nature of VA mycorrhizal infection by Glomus sp.



The distributive hyphae were more or less oriented towards the
root cortex (Plate 411a). The vesicles were terminal and

oval in shape, Besides they were intercellular,

In an attempt to standardise an efficient technique

for 1noculation of Rhizobium and VA mycorrhiza in subabul,

seven different methods of dual inoculation,10 days before
sowlng in poly bag (T1), dual inoculation at sowing time in
polybag (T2), dual incculation 10 days after sowing in
polybag (T3), dual inoculation 10 days before sowang in
nursery (T4), dual inoculation at sowing time in nursary (T5),
dual inoculation 10 days after sowing in mursary (T6) and dual
inoculation at sowing time 1n main field (T7) were tried.

Out of these, it was found that the number of nodules formed
per plant and nodule dry weight were significantly high in

T1 treatment while the extent of mycorrbizal ilnfection, shoot
height, shoot dry welght, percentage nitrogen and phosphorus
content of leaves were maximum in T2 treatment (Table 19).
The increase in mycorrhizal infection, shoot height and
percentage phosphorus content of leaves in the T1 treatment
were also sighificant and statistically on par wath the T2
treatment. Therefore, both the above methods are equally
effective for inoculation of subabul with Rhizobrum and VA
mycorrhiza, This can also ensure the *incorporation' of
efficient cultures of microsymbionts ain subabul at seedling
stage 1tself prior to transfer under field conditions,

«



However, the choice of the method may be left to organisations
that are actively engaged in raising subabul seedlings in
polybags for wvarious purposes.

In the last part of the present investigation, the
effects of VA mycorrhiza, Rhizobium and fertilizer application
on nodulation, mycorrhizal infection and forage yield was
studied under field conditions., Significant differences
between treatments were observed in plant helght, forage
yield, chlorophyll a and b content, percentage mitrogen,
protein and mimosine content of leaves (Table 20,26 and 31).
However, a uniform treatment effect on various biometraic
observations taken was lacking. Hence the data is mainly
interpreted on the basis of individual effects of different
components used in various treatment combinations. Out of
the 13 different observations taken, only those parameters
related to nodule number, mycorrhizal infection, forage
yield, total chlorophyll content, percentage nitrogen,
protein, phosphorus and mimosine content of leaves which are
commonly used to evaluate the beneficial effects of Rharzobium,
VA mycorrhiza and fertilizer gpplication and also the qudplity

of fodder, are used xzor the above purpose.

It was observed that Rhizobium, nitrogen and phosphorus
treatments alone had a signmificant effect on root nodulation

in subabul, The increase in the number of nodules formed
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was significant due to Rhazobium inoculation and application

of nitrogenous fertilizer (Table 21), Such an effect was also
seen 1n P- treatment, The positive effect of Rhizobium
inoculation on root nodulation in legumes is already well
established by many earlier workers like Chhon ker and Negl
(1971) in soybean, Ramachandran (1979) in cowpea, Santhana-
krishnan et zl.(1980), loreno=Duiroz gt agl. (1983), Pshwa
(1987) ain subabul. Houever, the observed effect of nitrogen
and phosphote treatment on nodulation wa#rather very umsual.

The increase an root infection by the use of both the

standard (Glomus fasciculatum) as well as the local (Glomug sp.)

cultures of VA mycorrhiza were significant with the effect
being more pronounced in the application of local culture of
VA mycorrhiza (Table 23), This may be due to the fact that
the local 1solate was more competitive in establishing an

early root association in subabtul,

Rhizobium, VA mycorrhiza and nitrogen treatments alone
had a significant effect on forage vield (Table 25), The

benefits of Rhizobium inoculation alone on plant growth is

well documented. The positive effect of VA mycorrhizal
assoclation may be due to increased translocation of nutrients
especially P from the soil, The role of mycorrhiza in enabling
the host plant to absorb more nutrients like P, K, Fe and cu
has been reported earlier by lMosse (1957) Baylis (1959) and
Hayman and Mosse (1971).



A b

Further, 1t has been observed that 1n many legumes
such as soybean (Schenek and Hinson, 1973, Carling et al. 1978),
Centrosema pubegens, ghtylosanthes guanensis, Irifolim repens,
Lotus pedunculgtus (Crush, 1974), Phaseolus (Daft and Gidhni,
1974), sweetvetch (Redente and Reeves, 1981), blackgram,
green gram and cowpea (Ramraj and Shanmugom, 1986), the growth
of the plant considerably improved due to combined rnoculation
of Rhizobium and VA mycorrhiza., The beneficial effects of
suchh dual inoculation of microsymbronts in subabul as observed
here are almost similar to tnat reported earlier by Sivaprasad
et z1.(1983), Mdjunath and Bagyray (1984), and Kandaswamy

et al. (1988).

The increase in the total chlorophyll content was
signmificant due to Rhizobium and mycorrhiza inoculation and
the application nitrogen and phosphorus fertilizers (Table 30).
Such an increase in chlorophyll content or leaf wall have
a positive effect on the over all photosynthetic efficrency
which 1n fact 1s actually sustaining both the symbiotic

organisms efficiently wirthin the root system.

The increase 1n the mitrogen and protein content of
leaves was significant due to Rhrzobium and mycorrhiza
inoculation and the application of nitrogenous and phosphorus
fertilizers (Table 32 and 33). Such an increase was also

obtained in the percentage phosphorus content of leaves due



to RhizZobium and VA mycorrhiza inoculation and the application
of phosphorus fertilizer. The increase in nitrogen, protein
and phosphorus content of leaves are also indicative of the
overall beneficial effects of Rhizobium and VA mycorrhiza
lnoculation and the application of fertilizer in subabul,

In the study on the effect of i1noculation of both the
microsymbionts and fertilizer application on mimosine content,
1t was observed that mycorrhiza and mtrogen treatments alone
were sigm ficant on the percentage mimosine content of leaves.
The decrease in mamosine content due to mycorrhizal inoculation
was highly signmificant when compared to non mycorrhizal
plants (F1g.35). This observation was further supported by
the reduction in mimosaine content obtained in various inter-
actions such as R x M, N x M4 and P x M 1nvolving VA mycorrhiza,
A slight reduction (though non significant) was also observed
with Rhaizobium inoculation and application of phosphorus ferti~
lizer, But the increase in mamosine content was highly
significant due to the application of mitrogenous fertilizer,
The actual factor responsible for reduction in mimosine
content due to mycormhizal inoculation is to be identifieds
At the same time, 1t may be better to reduce the application
of mitrogenous fertilizer for subabul cultivation, This
means that an rdeal package of practice for subabul will
be dual inoculation wath efficient cultures of Rhizobium
and VA mycorrhiza in seedling stage along wath adequate
phosphate fertilization and need based application of

nitrogenous fertilizer,
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SUMMARY

The survey for the occurrence of natural nodulation
and VA mycorrhizal infection in subabul was conducted at
17 d&afferent locations of four districts of Kerala namely
Idukki, Palghat, Trichur and Trivandrum. There was no
significant difference between seedlings in the mean number
of root nodules formed per plant at different locations.
The average nodule mumber of 7.7 was maxamum at Vellamikkara
and Pattom while at other places such as Peerumedu and
Kolahalamedu in Iduklex district, the nodule number was only
1.5 and 1.7 respectively. There was also no significant
difference between seedlings in the mean percentage of
mycorrhizal infection., The mycorrhizal infection of 25,5

Percent was maximum al Dhoni,

In all, 17 cultures of rhizobia seriazlly numbered R1
to R17 were inmitiglly isolated. All these isolates were
rod shaped and Gram negative wath a fast rate of growth
of 48 to 72 h on yeast extract mannitol agar medium,
VA mycorrhizae were adentified on the basis of their spore size,
shape, colour, surface texture, spore content and mode of

hyphal attachment, The spores were typical of Glomus sp.

with an average size of 130 to 175 um. They were globose
with sample basal attachment,



A pot culture experiment was conducted under aseptic
conditions to study the efficrency of zll the 17 native
1solates of Rhizobium along with three exotic stralns and
the four selected cultures of VA mycorrhiza. There were
significant differences between treatments in the number of
nodules formed per plant, The mean nodule number of 16,73
was maximum in plants inoculated with the native isolate
of Rhizobium R8, The effect of mycorrhizal inoculation on
nodulation was also significant., Significant differences
between treatments in the extent of root infection by VA
mycorrhiza were also observed. The mean percentage root
infection of 54.37 was maximum in plants inoculated with the
M2 culture.

The mean dry weight of 5.44 g was maximum in plants ino=
culated with the native rsolate of R8., This was significantly
higher than control and all other treatments. The effect
of mycorrmzal inoculation on dry weight of shoot was also
significant. There were significant difierences between treat-
ments 1n the percentage nitrogen content of leaves, The mean
mtrogen content of 4,24 percent was maxamum 1n plants ino-
culated wath the native i1solate of Rbizobium R8, The mean
phosphorus content of 0.24 percent was maxamum in plants

inoculated wath the M2 culture of VA mycorrhiza,

In the study on pH sensitivity, 1t was possible to group

various Bhizobium cultures into two district catesories as
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those which had maximum growth at pH 6.0 and below (xsolate
numbers, R6, R8, R10, R11, R13, R14, R18 and R19) and those
which preferred a slightly hagher pH of 7.0 and above (isolate
numbers R4, R5 and R20) for optimum growth under in vitro
conditions. The R5 1solate produced more number of nodules

at pH 7.1 than at 6.0 while the 1solate R8 produced moie
number of nodules at pH 6.0 instead of 7.4. In both the cases,
the dry weight of nodules and the number of pink nodules
formed folloved a similer pattermi. The percentage of mycorr-
hizal infection was significantly high due to inoculation with
the M2 culture., This was maxamum 1n the treatment combihation

of S1 R8 M2,

The serological characterisation of different isolates

of Rhizobium showed that the homologus antigen R8 gave positive

agglutination upto a serum dilution of 1+1280, A similar
reaction with other antigens was observed only at a lesser
dilution of the antiserum. These were 1:160 for R21, 1:80
for R18 and 1:40 for R20 1solates. However, the remaining
two cultures, R5 and R19 showed no agglutination wath

the antiserum of R8, The results of the tube agglutination
test were morgbr less confirmed by the immuno diffusion test
except for the fact that no clear bands were formed with RS,

R18 and R19 antigens.
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The effect of age of plant on root nodulation in subabul
wndrcated that any visible initiation of nodulation was
there only from 15th day of plant growth., This was followed
by a period of gradual increase in nodule number t111l 70th
day. Afterwards, there was not much variation in the number
of nodules formed 1n subabul. In the scanning electron
microscopy of root nodules of subabul,it was found that
during the early stages of root infection, Rhizobium was
found closely associated with the root surface. Later such
cells were found between the cellulose fibrils prior to
entry into the root tissue, The cortical cells responded
in a typical manner towards Rhizobium infection. In thas
process, the nommal cells afiter bacterial infection got
transforned into cells waith an irregular shape. The prasence
of bacteroid within such cells 1s shown 1n plates 9a and 9b,
Observation of stained root samples for VA mycorrhiza
under a light microscope showed the presence of mycorrhiza
only in the root cortex, The distributive hyphae were
found to grow almost parallel to the root axis, occupying much
of the primary cortex depending on thqﬁegree o1x root infection.
The vé sicles formed were typrcally terminal and oval in
shape. They drd not show any intra cellular penetration of

cortircal cells,
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Significant differences between various methods of
inoculalion of microsymbionts were observed only in nodule
fresh welght, percentage VAM infection, shoot height, shoot
fresh werght and percentage phosphorus content of leaves,
Between various treatments, the benefacial effects were more
pronounced with the use of microsymbionts eirther 10days before

sowang or at the time of sowang 1n polybag.

In the study on the combined effects of VA mycorrhiza,
Rhizobium and fertilizer application on nodulation, VA
mycorrhizal infection and forage yield ain subabul, sagnificant
dirfferences between treatments were observed in plant height
and forage yireld., The number of nodules formed, nodule fresh
weight and percentage of mycorrhizal infection were maximum
inthe M= R+N+Pw, LR+N+RandMLR=N«P =
treatments respectively. The plant height was significantly
high 1n the ML R + N + P = treatment when compared to control
and other treatments except the MS R + N = P = and MS R + N +
P = treatments. The forage yield of 915 g per plot was maximum
in the ML R + N = P =« treatment, Significant differences
between treatments were also observed in chlorophyll=a and
chlorophyll~b content of leaves., Similarly, significant
differences between treatments were also observed in the
percentage mitrogen, protein and mimosine content of leaves.
The percentage mtrogen and protein content were significantly
high 1n the M= R + N + P + treatment when compared to control



and other treatments without Rhizobium inoculation and or the
application of mitrogenous fertilizer. The percentage phos-
phorus content was also maximum 1n the above treatment

combination.

Mycorrhiza and mitrogen treatments had significant
effect on the percentage mimosine content of leaves,
The decrease in mimosine content was highly signmificant due
to mycorrhizal inoculation. It was further observed that
inoculation with the standard culture of VA mycorrhiza
(Glomus fasciculatum) resulted in maximum reduction in the
mimosine content. A reduction in mimosine content though
nonsignificant was also obtained an the R + and P + treatments.
However, a highly significant increase in mimosine content

was observed due %o application of nitrogenous fertilizer,
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APPENDIX - I

Summary of Analysis of Variance of prelimlnary screening of Rhizobium
and VA mycorrhiza for nodulation, mycorrhizal infection and growth of

subabul,
Source af Mean Square
Nodule No.of Dry % VM Shoot Dry % Nitrogen % Phos~
number  pink weight infection height werght content phorus
nodules & of plant content
of no=
dules
*
Mycorrhiza (M) & 86.154" 58,058" 0.065% 26128.5% 514.74 3.268°  3.358 0.029%
Rhizobium (R) 20 135.343° 44.585° 0,115  su0.8%  3e0.78" 3.301% 342" 0.003*
MxR 80 22,495" 11,988 0.0  385.3"F  150.88* 0.966™" o0.89% 0.001°
Error 210 13.187 6,235 0,008 105.6 4,22 0.042 0,039 0,000

# Significant at 5% level
¥t Sagnificant at 1% level



APPENDIX = II

Sunmary of Analysis of variance of interaction effect of soil pH, Rhrzobi
inoculation and mycorrhizal inoculabion on growth of subabul,

Mean Square

Source U Nodwe — Weawle — Wo.of B VAT T

number dry pink infection height dwan

weight nodul es welght

Soil pH (8) 1 3,60 0,003 0,90 2,50 22,500 1.79%*

Rmzobium (R) 2  600.74°"  0.655° 1548k 8.61 30,3k 3,50

S xR 2 225.08%  o0.43%*  s50.88% 110.83 73.65°  3,78%%

Mycorrhiza (M) & 5.87 0,025 4,92  s1us.05* 50.71%  0.30™*

S xM A 13.18 0.007 13,27 473.98" 22,48%  o0.12""

R x M 8 7.61 0.010 3,98 82,57, 33.2?:% o.11::
SxRxM 8 70% 0.019 4.11 95021 23o25 0009

Er'ror 60 5-13 00006 2@84 38.89 30%

* Sigmificant at 5% level
*% Sagnificant at 1% level



APPENDIX - IIT
Summary of Analysis of variance of the effect of different methods of

jnoculation of Rhizobium and VA mycorrhiza on growth of subabul,
S Mean Square
urce df
ggggtg Dry wenght o vy Plant Weight % mtrogen % P,0;
podules infection height of content content
plant

Block 3 2,52 0,009 193.75 7.37 0.007 0,016 0.000

Treatment 6 60.82 0,073 204,17  93.75%  o.588*  o0.039 0.002" "

E."’ror 18 27.99 [¢ 18 025 73.61 9045 [¢ 18 076 0.015 04000

o @ S @ e @ e @ o tn oy W oM Mr M o T o G e e e oem e oEm = G e - - o eums T G M AT m e o= . ey

* Significant at 5% level
% Signmificant at 1% level



APPENDIX = IV (a)

Summzry of Analysis of variance of combined effect of Rhizobium, VA mycorrhiza and
fertiliser application on nodulation, VAM infection and forage yield of subabul,

Source df —— =

e gggglhe nzention ﬁlégﬁt yorage ologe Crlorophytl-a

welght score

Block 2 8,17 0,0135 22,11 5.01 17.72 0.29 0.0079
M 2 18,29 0.0127  12041.70°°  2030.107F 1060.45°°F  0.79 0.5932""
M xR 2 13,18 0,0095 17.17 110.09°" 112,84 4,17 0.0006
R 1 2069.38 " 2,4605°° 11,00 1088.88%" 304,22 28,13 " 1.9856
MxN 2 1,63  0.0001 29.54 10,93 33,22 3,18 0.0182"
R xN 1 20,05, 0.0162, 3,26 0.50 337.13? 6°13it 0.02671
N 1 40.50° 0.0%78 4415 206,05 22,22 1335 0.4297"
MxP 2 20.09 0,0218 10.22 114,59™" 128,34 0.43 0.0205
R xP 1 16,05 0.0%96" 54,69 2.00 0.84 1,68 0.0003""
NxP 1 6.72 0.0074 9,03 1.39 591 0.12 0.0096
P 1 4672 0.0561" 3,71 22,225 0.56 1.39 0.0009
Interactions 9 7.30  0.0087 57 451 29.62"% 39,56 0.88 0.0262%*
Error 46 6.51 0.,0093 59,07 4,48 5.04 0.57 0,0045

“» M m W E o TR o e M M S OB S M @ R M W E M R S I YA M G0 D M @) OO0 e 3 S0 G GO I em M DA em w0 % mm e to we e e

* Significant at 5% level
*# Sigmificant at 1% level



ACCZNULA o= LY D)

Summary of Analysis of variance of combined effect of Rhizobium,VA mycorrhiza and
fertilizer application on nodulation, VAM infection and forage yield of subabul,

Source

Block
M
M xR
R

2

2

2

]

MxN 2
RxN 1
N 1
MxP 2
1

1

1

9

RxP
N xP

P
Interaction

Error 46

Mean Square

Chlorophyli-b  Total % nitrogen % Protein % P05 % Mimosine
contant Chloro- content content content
phyll

0,0424** 0.0441) 0,027 1592 0.00056* 0,043 "
0.15317" 0.2312"* o.120*:: 3.66°"  0.01404"" 0.436:*
0.1384" 0e 2027'fe 0 .154:* 492 0.,00008 0,170
0.2932 33560 3,600 115.29 0,00190 0,023
0.0303 0.2962"" 0.35‘7: 8.27° " 0.00101" o.162::
0.00007 0.0339 1,837 65,99  0.0000009 1+253
0.9590™" 3,4722"%  1.967™* 91.55""  0,000311 2,101
0.0084 0.0472 0.094"* 4,95  o0.0279  o.072"
0,0013 0.0705 0.0 0.12 0.00061:* 04073,
0,0343 0.0079 0.061 .46 0,00151 0,117
0.0153 0.68%0"* o.17o:: 1 .11:* 0.0159" " 0.031
0,0683 0.0611 0,045 1.88 0.00016 0,148
0,0145 0.0367 0,015 0,69 0,00009 0.019

* Significant at 5% level
** Significant at 1% level
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ABSTRACT

A survey was conducted at 17 locations in four
districts of Kerala for natural nodulation and VA mycorrhizal
infection in subabul, The survey revealed that natural
nodulation and VA mycorrhizal infection were poor compared
to inoculated plants. VWhen all the 17 isolates of rhizobla
and four cultures of VA mycorrhizal fungus were tested for
effectiveness, the rhizobial isolate RB and VAM fungus M2
were emerged as most efficient rhizobial and mycorrhizal

cultures respectively.

An in vatro study conducted revealed that in an acid

pH of 6, the rhizoblal i1solate R8 survived better than other
cultures, At pH 8, growth of another isolate R5 was found
maxaimum, However, in an in vivo study, there was not much
significance for the soil pH ranging from 6 to 7.1 in
influencing yarious biometric parameters of subabul. In
both the pH of 6 and 7,1, the performance of rhizobial
1solate R5 and mycorrhizal culture M2 was best.

Serological studies revealed that the exotic strains
R18, R20 and and isolate from Mimosa indica had serological
sumilarities with the best selected local isolate RS,



Fine structure studies of nodules clearly showed the
morphological differences between the unminfected nodular
tissues and the infected central nodular tissue. The
rhizobial ainfection transformed the normmal cells into
1rregularly shaped cells wathin which numerous rhizobial

cells were visible,

In another observation, it was found that subabul plants
starts to form nodules only from 15 days of sowing. There-
after, the nodule number increased steadily attaining the
peak at 70 days of growth and then remained more or less

steady.

Among various methods of inoculation of the micro=-
symbionts tested, inoculation of both the microsymbionts
at the time of sowing in polybag was found good for the
better establishment of the plants in the field.

In a field study, 1t was found that inoculation of the
local 1solate of Rhizobium R8 and mycorrhizal fungus M2
had great influence in increasing all the growth parameters,
Standard mycorrhizal culture and local isolate performed
equally well, Maxamum forage yreld was obtained when plants
vere inoculated with the selected local rhizobial isolate B8



and mycorrhizal fungus M2. Maximum mycorrhizal infection
was also seen in the same treatment, Dual inoculation also
had sigmificant influence in increasing the leaf protein
content, An important observation was that both rhizohial
and mycorrhizal inoculgtion reduced the mimosine content

of leaves, However, fertilizer nitrogen ssx=itzc=wv increased

mimosine content,

In short, dual inoculation by Rhizobium and VA
mycorrhiza was found necessary for better establishment,

growth and low mimosine content of subabul,



