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ZNTRODUCTION

In the recent years, with increasing cost of
fertilizers (Herdy st al, 1977) man has started searching
for newer technologies in agriculture where by the cost
of production can be reduced and the fertility of the
soil can be increased, (Dobeneiner, 1974). Amcng the
three major nutrients recuired by the plants nitrogen
is the most critical nutrient, Nitrogen is the key -
element in the synthesis of proteins and other biologie-
cally important compounds required for the growth of the
plants, Despite the gr-ater abundance of nitrogen in the
atmoaphere (78,09 percent) it is in the unavailable
elemental gaseous form, Of all the living organism, only
a few micro organism posses the bio chemical mechanism
for converting the inert elemental nitrogen gas into
nitrogenous compounds like ammonia and nitrate, Thus the
microb-s meet their own bioclogical nitrogen need and
release the same into the soil enviorommeslfor the utilisation
by plant systems, With the spiralling up of the prices of
the fertilizers (Poster, 1983) an increasing thrust over
the use of Blofertilizers in agriculture has come into

practice,



Biofertilisers is the name given to those microbes

which can fix atmospheric nitrogen i.e. they are capable
of converting atmospheric elemental nitrogen into ammonia.
These nitrogen fixers have been estimated on a global
scale and the amount of nitrogen fixed by these biological
agencics have been worked cut to be 175 million tonnes per
year in the soil (Tilak, et 8] 1985)., These micro organism
also play an important role in the maintaneweof soil
fertility by supplementing the nutrients, They have thus
¢reated 3 challenge for 2ll microbiologists and agricultural
scientists to explore for new horizons, so that a part of
the chemical fertiliszer may be replaced by these 3io-
fertilizers, Artificial inoculation of these group of
microworganisms in aspecific area msy temporarily or
permanently change the balance of the rhizosphere physically,
biologicelly or mutritionally depending on the naturn‘and
duration of effects, The classifical example is the
Rhisobium Jlegume symbiosis, which has already become a
welcome technology in the hands of agriculturists, Apart
from this, a number of other species of micro organism
effectively fix the atmospheric nitrogen,

Nitrogen fixing biofertilizers are either in the free
living condition or in symbiotic association, An important
symbiotic association in the rice ecosystem, is that between

the blue green algae Apabena azollae and water Fern Azolla



pinnata living in the cavities of dorsal lobes of Azolla,

This association has now become an important bio fertilizer

in rice ecosystem (Kannaylan, 1984).

A limited number of heterotropic bacteria play an
important role in fixing atmospheric nitrogen as balancing
the nitrogen cycle in nature, Free living aerobic bacteria
like Azatobacter Beijerinckia, Xlebsiella and other members

of the anaerobic bacteria clostridium are capable of
utilizing atmospheric nitrogen, Blue-ggeen &lgee such
as Nostoc, Aulosina etc., are also capadble of fixing
nitrogen in paddy soil:s,

A spiral ashaped, gram negative motile vibroid-
organism with micro aerophilic nature called Asospirillum
is known to have close promixity with higher plants systems,
It 1is remarkable that this organism fixes appreciable
quantity of nitrogen (nearly 40kg N/he/year) in grasses
as found by Smith et al (1978), Studies have revealed
(Okon ot 8}, 1983, Subba Rao, et al 1982 Wani, 1985)y
that Azospirillum was of ubiquitous occurence and was
claimed to be the most efficient diamzotroph among the free
living systems, Genus Azospirillum has now been classified

into four species according to Tarrand et al (1978)., The

species accomadated are A.ugofom. A brasilense,

A amazonense and A.nrqptdccou.




The bacterium Asospirilium is increasingly becoming
popular in many of the developing countries in the world,
Inoculation experiments conducted by Dhanspal ¢t al (1978)
revealed that root associstions of Asospirillum was unique
in crops like maise, sorghum, pearimillet, sugarcane,
wheat, in weed plants like guinea grass, digitaria decumbens,
améranthus, cumbu (Smith et a]l 1976) in xivephytie plants
like opuntia (Venkateswarulu, 1982), in plantations like
cocoa, rubber, coconut, (Subba Rso et 3] 1983)., Recently
rhizosphere of rice, sweet potato, black gram, sunflower,
cumbu, barley (Subbarso et a) 1979), have known to harbour
this organism in the root system., Thus, this bacterium
has gained a greater importance in the agricultural field
than any other free living bacterium,

Azospirillum was ubiquitous, in the sense it not only
increased the grain yield and plant biomass, it was slso
found in & wide variety of terrestial habitats (Knowles,
1981), HNearly 30 percent of the tropical soils harbour
this bacterium, to a remarkably good percentage as compared
to the total percentage of heterotrophs in the soil
(Dobereinex,1976). Aszospirillum grew well in all types
of soil with wide variation in physical properties like
pH, temperature and moisture content of the soil, Inspite
of the problems of the s0il like salinity, alkalinity and
acidity influencing the growth of the microbes, Asogpirillum



had been proved to be very effective in the alkaline soils
(pH 7.5 to 8.5) and acid soils (5.0 - 6.0) (Purushothaman
a ﬂ 1988},

Azospirillum strains inoculated to different crops
showed enhanced acetylene reduction activity (ARA) at low
nitrogen content (Nayak et al, 1981). ARA being the index
of aitmagennae’ activity revesls the high nitrogen fixing
capacity of Asospirillum 88 is the enzyme complex
that converts atmospheric nitrogen into ammonia in nitrogen
eyclel |

Stzatns (Awivi st 8}, 190%),

Agzospirillum strains had the property of excreting
the fixed amwonia into their environment, This ammonia
was then utilized by the plants, The denitrification
nrope: -ty of this bacterium reduced the nitrogen availability
to plants, (Melado gt al, 1982) Denitrification w2a nothing
but the processes of oxidation of the fixed ammonia to
aitrite, nitrate and nitric oxide. This w2s possible with
the help of the two enzymes the nitrite reductase and
pitrate reductase, These two enzymes thus released the
biologically fixed nitrogen into the atmosphere from the
soil., Thizs inhibited the nitrocen fixing canacity of the
bacteria,

Azopirillum isolates were slso found to produce growth

promoting substances like indole acetic acid (IAA)



gibberlins, cytokinins (Phillips, 1970). These growth
promoting substances were found to increase the plant
growth (Silveria et al 1983). Azospirillum spp produced
indole acetic acid evern in the absence of gryptophan in

the medium (Moore, 1980), where gryptophan was the precussor
of indole acetic acid,

Asospirillum, associetion in various plant roots
from rice to cocos (Subba Rao, 1982) and in various
physiological enviornments had made possipble, the appli-
cation of Azospirillum inoculant to various plants and

various soile,

india $=m being & developing country with various
types of soils (Porter, 1963) requires these types of
bilo=fertilizers in large quantities, Seil Physiological
properties Of the soil influence the growth of the micro
organisms, Acidity of the s0i]l may prevent the growth
of micro organisms., Azospirillum has been proved to grow
well in both acidic soils (Smith, 1984) and alkaline soils
(Purushothaman, 1984). In Tamil Nadu Azospirillum inoculation
had been proved tc be very effective in most of the soils

(Narayanan, 1981).

In this study Azospirillum was isolated and characterised
from acid soils of Kuttanadu and Trichur of Kerala State,
A growth of Asospirillum at acidic pH in the rance of 4.0 to
$.0 has been conducted in order to inoculate Asopirillum



to highly acidic soils, Further experiments were carried
out to study the effect of nitrogenase activity and
denitrification capacity of the isolated species, Studies
were also conducted on the ability of the Azospirillum
isolates to produce phytohormones and excrete ammonia,
Asospirillum species were also imoculated to peat soils of
PH 5,0 =« 5.5 and 1ts effect on plant growth was studied,

Thus in the present study the possible use of the
bio=-fertilizer Agzcapirillum to acidic soils have been
svaluated,
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EVIEW LITERATURE

Biofertilisers are used in modern agriculture
primarily to supplement the need for chemical fertilisers,
There is fast depletion of the natural gas, coal and
minerals and oil resources which form the basis for the
production of chemical fertilizers, This resulted in the
escalation of the cost of these chemical fertilizers,

With all these difficulties, it has become a challenge for
all the agriculturel microbioligists to explore new
horizons, 80 that a part of these chemical fertilizers

are raplaced by hiofertilizers, The microbes play an
important role in the maintenance of the s0il fertility,

It has been estimated that the amount of Nitrogen fixed by
biological agencies works out to 175 million toanes per
ye3r per hectare and it was found that most of this nitrogen
fixed was due to the legume Rhisobium system (Burns and
Hardly, 1973) Careful studies on the symbiosis of Rhizobium
with legumes revealed that not only wore nitrogen was

fixed, but also the yield of pulses increased, (Elango, 1981,
Rovira 1965, Stern gt al, 1980)

Apart from Rhisobium system, it has been proved beyond
doubt that biological Nitrogen fixation takes place in
fields, forests and other green lands (Evans and Barber,
1977), Free living serobic bacteria like Azatobacter,



Beijerinckia and the anserobic bacteria Clostridicum spp,
Contribute to these processes, Algal association like
Azolla-Anabena, nodulated non-legumes like Alnus Spp, were
also reported to be potential sources of nitrogen fixation
(Evans and Barber 1977), Thus increasing the dependence
of biologiceally fixed nitrogen is an alternmative to reduce
the utilisation of costly nitrogen fertilizer, Seed
inoculation with appropriate strein has been an accepted
technology nowadays, (Stump et 8l., 1977).

ThEs discovery of nitrogen fixing organisms on roots
of grasses including maize, wheat, pearl]l millet, sorghum has
letl te speculations about the possibility of providing
nitrogen for important crops by the use of associative
systems, Here plants cannot fix nitrogen directly but
provide energy to the associate bacteria which in turn provides
nitrogen to the plant in the ammoniacsl form. 7This associ-
ation was found in many tropical plants with high nitrogenase
activity and are charscterised by the c‘ Photosynthetic
pathway with minimal loss of carbon to photo respiration.
These bacteria were given the nawme Aggspirillum,
Considerable progress have been made towards understanding
the Azospirillum species and the review auguments its
significance as & potential diazotroph in grass eco system
(Okon, 1984).

AS ] I0SIS NI EN P IION: In some plant

geno=types which are efficient photosynthesizers, the root
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exudates are utilised by certain bacteria, This is, in other
words reforred to as associate symblosis, It was later
termed as BIOCOENOSIS in the international workshop of
nitrogen fixotion held at Brazil (Dobereiner and Depolli,
1980) certain forage grasses, rice and sugsrcane stimulated
the multiplication of BEIJERIENCKIA and decreased the number
of amino acid requiring bacteria, molds actinomycetes in
the rhisosphers and thus the gugarcane Beiferienckis
biocoenosis are well docurented (DOBEREINER and DEPOLLI,
1980). Similar rhizocoenosis of wheat with the BACILLUS
species (Lerson and neat, 1978) and ACHROMOBACTER like
organism with rice (Natanabe and Barraquio 1979), Paspalum

Dotstym Sssociation with Asdtobacter Paspali was reported.

The Asospirillum rhizgocoenosis was first reported
in digitaria grass (DROBEREINER &nd DAY, 1976) and number
of papers have been reported on the rhisocoenosis of
SPIRILLUM LIPOFERUM with meny species (Laksmikumari et al
1976) . Diazotrophic spirullum like organism were isolated
from roots of Mer of Cq plants mainly grasses, Later
Azospirillum association in maize, rice and wheat wagproved
with host plants specificity (BALDANI and DOBEREIM:R, 1980).
RECOGRITION OF AZOSPIRILLUMs Asos was £irst
described by Beijeriench (1930) as Agotob
which apparently fixed mitrogen in enrichment cultures and

was later named Spirillum lipoferws which was isolated from
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& number of 30il samples in Australia and Germany (SCHRODER
1932). The same organism was identified by humber of
scientists and these cultures incorporated 15&2 . in pure
culture when grown in yeast extract., (Ronnie et al, 1980),

In 1974, Dobereiner proved the symbiotic association
between taria s and 8,]ipoferum and it was
reported that S,Lipoferum was a very common root imhabitant
in tropics (Dobereiner gt 3}, 1976) and organism was assigned
& new genus Azospirillum (Tarrand et al, 1978) comprising
two species A, liproferum and A, barsilense which 1is now
a genus of four species (MAGALHAES et a), 1983). 48 percent
of the cultures in this genmus was found to be tropical

plants and were mostly the above two speci:s (Rence.M
kosslak gt al, 1983).

BIOGEOGRAPHY OF AZOSPIRILLUM; The organism was found very
common in tropical, temperate, and subetropical soils

(DAS et al, 1980) Asospirilliym has been isolated in maize
(Dhanapal gt al, 1978). Wheat (Nery st al, 1978) pear |
millet, Sorghum (Dhanapal, 1978) Sugarcane (Hegezi et al,
1979) Cotton (Purushothaman, et 8}, 1980) and in number of
grasses (Mellado et a}, 1980).

Reyenders and Vlassak (1978) found no relation
between s0il characteristics such as pH, texture and the
occurence of Spirillum in different plant species,
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Occurence of 8pirillum speecies, in various geographical
regions was reported by Amar et al (1980). In India Reo

-8t 3l (1978) reported the ubiquitous presence of the spirillum
in different soil types, Asospirillum occurence was found

to be poor in Eurcpeon soils (DESALVIO et a) (1978). Reports
indicate the occurence of spirillum in China and also in

Polish soils (Kulinsks et al, 1983}, In Tamilnadu Asospirillum
was found in most of the s0ils except the soils of Nilgiris,
alkaline soils of Trichy (Anonynous, 1981). Azospirillum

was found in most of the =20ils and was isoclated from sweet
phmx pototo (Hill et 8], 1981), Amaranthus (Udayasuriyan,
1981), Opuntia (Rso, et al, 1982) and Barley (Moorthy, 1981),

A mumber of factors influence the occurence of
Azpspirillum in soils, PH eround 7,0 was found to be
optimal, Sporedic occurence was noted in soils of PH 4.8,
(Doberginer $t al, 1976). Activity of Asospirillum was found
to increase with increase in temperature, Nitrogen fixed
by the same specics at 20 degree centrigrade was only half
of that at 30°C (Bcott gt 8], 1978). Azospirillumwos an
aerobic organism fixing nitrogen at micro-aerophilic condition.
(Scott, 1978). In some plants, the organism was associated
with the organi¢ matter content. Moisture level and organie
matter 1imits the growth of the bacterium in soil, Various
carbon sources also influence the growth of the Azospirillum
(Amaresh Das et 3], 1983), B8oil management practice also
influence Azospirillum species (Charyulu, 1980), Barber et a]l
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(1979) reported that spirillum specics was not influenced by
the fixed nitrogen, Most of the Azospirillum species in
differenl solls were found to use :MP' for their Catabolic
patheways (Westby et 3], (1983). Suboptimal levels of
nitrogen fertilizers increase the nitrogen fixing ability of
the Azospirillum (Xapulnik et al, 1981),
TAXONQMIC CONSIDERATIONSS

Breed ot 3), (1937) classified Spirillium lipoferum

under the genus gpirillym in the order Pseydomonadiles. This
is a gram negative motile bacterium, Vibroid in shape

containing poly /é hydroxéy butyrate granules (Dobereiner

and Daym 1978) Salts like malate, succinate lactate pyruvsate,
Fructose have been found to be oxidisable carbon source
(Okongd et al, 1976). A number of scientists thought that
there was 3 species of $pirillum lipoferum at first (Sampdio,
1978) and so was classified with two species in the genus
Asospirillym (Kneig and Tarrand 1978) based on DNA homology
and physiology tests. They are A,lipoferum and A, Brasilense
with reference to their r-RNA ¢istrons which differ from
spirilla (Smedht, gt 31, 1980). Now after four years during
the study of the occurence of this genus in Amazon soils, the
third species in the Azospirillum wos identified with the
similar characterists, but more sensitive to alkaline medium
(Magalnaes et al, 1984) and was called A,amozopnense. The
fourth specics was identified during the survey of Azospirillum

mr’ « Glycolysis.
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association with various cereal rcots, as dry white colonies

and was distinguished from cother species and named
A Boropedigae (Baldani ot s, 1984).

Dobereiner et g},_ (1980) reported that both the former
species contain nir® and nir” groups i.e, those which
show high denitrification while in the other there is no
apparent disappesrance of nitrogen., Serological analysis

showed the difference in the subgroups and the species in
the genus Agsospirillum (Depolli et al, 1980).

A correlation b=tween acetylene reduction activity
of the roots of maize and enrichment cultures of Azospirillum
concluded that Azospirillum species were largely responsible
for nitrogen fixation in grasses because of their occurance
in the root tissues (Day et al, 1976) which has now been
confirmed by &8 mamber of microbiologists (Lakshmikumari
st 3), 1976), Oxon ggal, 1976).

s.tipwtmm inoculated grasses gave significant yield

response over uninoculated control (Smith et al, 1975).
S, lipoferum inmoculated corn, sorghum, millet and other
grasses showed increased nitrogense activity dry weight and

total nitrogen over uninoculsted control (Ckon gt 8}, 1976)
In China S, lipoferum inoculation, showed increased Nitrogenase

activity in digit grass (Ling & won, 1978), Azospirillup
inoculation of Sorghum in Israel resulted in increased grain
yield (xapulenik, 1984).

* nir' < nitréfication property.
* nir”™ « denitrification property.
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Combined inoculation of Azospirillum and Aszatobactexr to
maize and sorghum showed beneficial effects in pot culture

experiments (Subba Rac gt a8}, 1982),

lsaz incorporation and acetylene reduction activity
studied on maise strains (Rennie, 1980) and rice (Charyulu,
1981) confirmed the nitrogen fixation with Azospirillum. When
nitrogen fixation of corm after inoculation with Azospirillum
was studied acetylene activity increased before maturity and
then decreased till harvest (Alberecht, 1981). Imoculation
of pear]l millet dk¥N resulted in significant growth and dary
matter, under sterilized and unsterilized condition
(Venkateswaralu gt 3], 1983). Pearl millet with 75X nitrogen
fertiliser and Azospirillum showed high yield over 100%
fertilizer nitrogen and Azospirillum inoculation (Purushothaman
et 3l, 1979).

Dhanapal et 8] (1978) reported that seed inoculation
increased vigour index and seedling growth of Combu, Maize,
Sunflower, Cotton and Rice, Seed inoculation of Ajbrasilense
with 4Skg nitrogen per hectare to Sorghum gave similar results,
(8ingh et 3}, 1980, Raxmk Pal gt 8], 1981). Inoculation
experiments conducted in Florida with A.,brasilense to slightly
acidic soils showed and increased acetylene reduction (Smith
et al, 1984). Response of A, brasilcnse to wheat under field
econdition showed increase in nitrogen fixation, fresh root
and shoot weight and yield (Kundu gt 3}, 1983).
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Effect of Azopirillum inoculation to other millets like
ragi was also encouraging (Muthukrishnan, 1981), A ra g0
finoculation to grasses like setaria italica showed increased
acetylene reduction and nitrogen fixstion (Ckon gt a}, 1983),
Azcspirillum inoculation to Cumbu showed 40-60% increase in
grain yield (Anonymous, 1981)., Increase in vield in rice
with Asospirillum inoculation was reported by Natarajan et a},
(1980), Use of Azospirilium as a biofertilizer for cotton
saved nitrogen fertilizer (Purushothaman et a), 1981),

NT _ROOT INFECTION AND ESIA

Azospirillum species had a close association with roots
than {ts independent activity in soil (Dobereiner, 1975) and
emitedgrowth substances (IAA, Cytokinim) (Tien et al, 1979)
csused root hair multiplication and shortening of the roots
and also thicken the roots (Umali gt al, 1978) and enhanced
mucigel productions and the organism Was embedded in it in the
presence of fertilizer nitrogen, In the asbsence of mineral
nitrogen, Azgspirillum adheres to root base. In seedlings
Azospirillum invades the root via middlelamella of older root
tissues and transparent ares of the invading cells reveal the
hudrolysis of plant all wall (uun Garcia, 1978).

In maize there was an increase in the number of
Agospirillum from 10% to 107 per gram root (Magaihaes et al,
1978) and the infection was found to spread to stam in maize



and wheat Watanabe and Barraquio, 1979)., A number of
scientists (Henson ot al, 1977, Ckon et al, 1980) reported
on the production of pecticlytic ensymes by Agospirillum
strains and their utilization of pectin as carbon source,
Rhizosphere and inner rhizosphere of grasses were found to
harbour 3 dence population of Azospirillum (Purushothoman
1980). Thus Aszospirillum specics were determined in
ghizosphere and roots of most of the creals (Mellado,

et al, 1983),

QWIH PR ING SU CES

Strong evidences on the production of indole acetic acid
(Brown, 1972) gibberlins (Burlingham, 1968) and cytokininus
(phillips, 1970) by bacteria, were c=ssentisl to the growth
and development of plants, These growth hormones were also
found to increase the growth rate of plants (Barea et 8},
1976).

Asospirillum was also found to produce Awdn (Burris,
1976) which increased or suppressed the  rowth of plants
(Gaskins gt 2l 1977). Cytokinins and other plant growth
harmones produced by this organism was found to increasze the
dry weight of the plant (Hubbel gt al, 1979).

1?
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IAA and similar compounds were produced by Asbrasilense
from tryptophan in culture condition, (S8tearn, 1980),
Along with this a small quantity of Gibberlins and cytokinins
were also detected., Azospirillum produced IAA with or
without tryptophan additicn to the medium, High concentration
of IAA was also found to be inhibitory to nitrogenase activity
in mary cases (Silveria et a), 1963),

whd Ak
LA 2
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The nitkoqan fixing bacterium, Azospirillum was
isclated from the acid soils of Kerala State. Azgspirillium,
was found to be a very effective nitrogen fixing bacterium
and the various experimentsz conducted with the three soil.
samples collected from Kuttanad and Trichur of Kerala State
are discussed below, The soils were collected before five
months, Ixperiments were also conducted with the Azospirillum
spp isolated from these soils and the procedures are discussed
below,

I. ON OF AZOSPIR i (DAY AND DOBRE ] 76) .

1) BQURCE OF THE SOILe Typical acid soil samples from
Kuttanad, and Trichur of Kerala State were ¢ollected amd
brought to the laborstory. In 131,83 (W/V) scil water solution,
these soil samples recorded a pH of 5,0 to 5,2, The scoil
samples waere taken in 10cm circular plastic pots and surface
sterilized seeds of Sorghum (Sorghum bicolor) Va. Co 24 were
sowm, The seedlings were allowed to grow for thirty days,

11) ISOLATION CF AZOSPIRILLUM; The seedlings were
uprooted and the roots were collected, incised, washed in

running tap water and cut into small bits. The root bits were
surface sterilized with 80 percent ethyl alcohol and washed
with changes of sterilized Adistilled water, The root bits



20

were plunged into test tubes containing aspectically semi.
solid malate medium (IV a) supplemented with 100 mg of
glutamic acid or 50mg of yeast extract per litre, After 48
hours of incubation at room temperature (280C), Characteristic
white pellicles was transfered to another test tube containing
nitrogen~free melate medium (NFb) and observed for the
development of subsurface pellicles, For purification,
loopful of the pellicles was streaked in NFb agar plates with
glutamic acid as nitrogen source, After S days, typical
small vhite dense colonies were picked and transferred to
semi-g0lid NFb medium, Final purification of the isclates
was done by stresking on potato (IV 4) agar (BMS) medium
and the typicel pink wrinkled, raised colonies were tréens-
ferred to agar slants,

fi1) INDENTIFICATION: Identification of the isolates of
Azospirillum was made, following the scheme proposed by
(Tarrand gt a), 1978) im addition to the following diagnostic

aids;

a) Small white pellicle formation at subsurface,

b) Change in colour of the medium from str aw
yellow to brilliant blue.

c) Positivity of Nitrogenase activity (ARA),

d) Microscopic examin:tion of 72 hours old culture
revealing the typical spiral movement,
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Malic acid .o 5,09
Diptossium hydrogen phosphate .o 0.5 ¢
Magnesium sulfate os 0.2 ¢
Sodium chloride se 0,02 g
Sodium molybdate .o 0,002 ¢
Manganese sulfate s 0.01 g

¥e EDTA (1,64 per cent W/V, Aguecus).. 4.0 m}

Bromothymol Blue (0,5 percent WN

inethonol) e 3.0ml

Potassium hydroxide ve 4.5 g

Trace element solution se 2,0 ml

vitamin solution oo 1.0 ml

Distilled water s 1000 ml.

pH es 6,8 (2djusred with
in Sodium
Hydroxide,

Ager «s 18 ¢
1,75 g for

semi-s0l11d medium,
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OMPCS ON { CE ; LUT 10N
Magnesium sulfate .s 150 ¢
Copper sulfate oo 15.0 ¢
Sine sulfate oe 8.9 ¢
Boric acid oo 0.5 g
Sodium molyhdate .o 0.5 ¢
Ferrous sulfate ese 20,0 g
Citric acid ee 20,0 g
Distilled water es 1000 ml,

COMPOSITION CF VITAMIN SOLUTIONS

Biotin e 10.0 =g
Pyridoxine .o 20,0 mg
Dist, water .o 100 ml.

Potatoes «ss 200.0 g
Malic acid .o 2.5 ¢
Potassium hydroxide .o 2.0 ¢
Sucrose .o 2,5 g
Vitamin solution .o l.0m
pH .o 7.0

Washed potatoes (200g) were cooked for 30 minutes and the
solution was then filtered through muslin cloth, Potassium
malate was prepared by dissolving 2,5 g of malic acid in
Soml., of d4ist, water and adding 2.0 g of potassium hydroxide

adjusting the pH to 7.0. To the potato filterate, potassium
malate, sucrose and vitamin solution were added and diluted to

1000 ml with dist, water,
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I, POPULATION STUDIES OF MICROyORGAKISMS IN THE SOILj

(PRAMER AND SCMMIDT, 1966)

The acidic soil under study, collected from the Kerala
State with pH S.2, was found to contain 0,8 percent of
organic content, Weighed quantity of the soil sample was
placed in Erleumeyer flasks containing 100ml of sterile
distilled water and placed over & gyrotary shaker for
bringing the micro organism into suspension hefore the serial

dilution was made,

i) EST JON OF TOTA EROTROPIC BACTERIA
From the serial dilution prepared from soil sample

one ml of 10~

dilution was pipetted out into a sterle
petriplate and yeast extract glucosey agar medium of the

following composition was poured after sterilization:

Peptone 5.0 g
Yeast extract 3.0¢
Sodium chloride 8.0 9
Glucose $.0 g

Trace element solution 1,0 ml

Agar 18,0 ¢
Distilled water 1000 m}
pH 7.0

The plates were incRlated for 7296 hour at 30°C and the number
of bacterial colonies were counted and expressed as number of

golonies per gram of soil on dry weight basis,
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h) ESTIMATION OF DIAZAOTROPH, AZATOBACTER}S

From the serial dilution made from soil sample, one ml
of of either 10‘2 or 1()"'3 dilution was pipetted out in a
sterile petri-plate and waksman medium 77 of the following

composition was poured after sterilization:

Mannitol 10,0 ¢
8odium chloride 0.2 g
Magnesium sul fate 0.2 g
Dipotassium hydrogen phosphate 0.5 g
Magnesium sulfate 0.2 g
Maganese sulfate Trace
Ferric s:lfate Trace
Zinca sulfate 0.,0005¢g
Copper sulfate 0,0002 ¢
Sodium molybdate 0.001 g
Agar 10,0 ¢
Dist, Water 1000 ml,
pH 72 0.1

The plates were incubated and the number of cclonies formed
per plate was counted and expressed a2s mamber of colonies

per gram dry weight of scil,
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C) ENUMERATION CF AZ0BPIRILLUM3

For enumeration of Azsospirillum in the soil sample,
most probable number technique (MPN) was used (Okon et al,
1977). Semiws0lid malate medfum was emrloyed in test tubes
in replication. From the serial dilutionmmde from scil

sample 1,0 m1 of 10~7, 10~° ana 10>

dilutions were transferred
to the tubes containing the medium. The estimates were
derived from statistical tebles of Cochrem (1950) and

expressed per gram dry weight of soll.

III, GROWTH RATES OF DIFFLRENT IBOLATES OF AZOSPIRILLUM3
An inyitro experiment w2s set up to trace the growth

rate of different Azospirillum isolates. A quantity of 100gl
of yeast extract glucose broth was dispensed and sterilized

and inoculated with standardised cell suspension of
Azospirillium. The flasks were placed over shaker for 24hours
at 30°C. Aliquots were drawn from the flasks at 3 hours
intervals and their optical density values, determined at

490 mm in a spectro photometer (Schimedizer, Japan), The
growth rate and generation time of the isoclates were determined
by plotting the values on a semi~log graph., The growth yield
of the isclate were determined by transferring 2.0 ml of the
broth into weighed aluminium planchets and dried at 80°C for

8 hours,



XEAST EXTRACT MEDIUM;

Glucose Y 3.0 ¢
Peptone .o 5.0 g
Sodium chloride eoe 5.0 g
Yeast Extract e 3.0¢g
Dist. Water ces 1000 m
pH ces 7.0

An in-vitro experiment has been set up to trace the
growth of twe isclates of Azospirillum at pH 4.0 .Yeast
extract glucose broth, adjusted to pH 4,0 after sterilization
in 250m! Eylenmeyer flasks were inoculated with the inoculum.
The flasks were placed over a shaker (New Baraskrick, USA)
at 30°C, A liquots were drawn at 4 hour intervals and the
optical Aensity was determined at 490um anddetermined by
plotting over 8 semilog graph.

v,

One set of malate broth (NF b) in 70 ml quantities was
sterilized in Erlenmayer flaske and then added 0.2 ml of the
inoculum and incubated at 30°C over a gyrotary shaker
(150160 strxokes/min) suitable control was 8lso maintained,
After 5 days of growth the cells were spun down by the
centrifugation at $000G for 1% minutes,



A) EXTRACTION AND ESTIMATION OF INDOLE ACETIC ACID {1A4)

(Chandramohan and Mahadevan, 1968, Tein et 2}, 1979)

The cell free culture filterate was adjusted to pH 2.8
with AN hydrochloric acid 2nd taken in 8 separating funnel,
Ecual volume of rerostide free cold ether (4°C) were shaken
and allowed to stand at 4° C with intermittent shaking.
Aqueocus phase was seperated from organic phase, A% 4 hour
intervalg ,2 more extractions were done and org:-nic layers
were pooled together and evaporated to near 4dryness., The
residue was dissolved 1n. 2,2 ml of distilled methanol,

b) DETERMINATION OF TOTAL OLE ACETIC ACID)

The cuantity of IAA was estimated using the Salper's
reagent containing 1.0 ml of 0.5 M ferric chloride in 50.0ml
of 35% per chloride., To 0.5 ml of the sample in the test
tube, 1,5 ml of distilled water followed by 4.0 ml of
salperls reagent was 24ded and incubated in datkueaa for
1 hour at 26°C, The intensity of the colour developed was
measured at 535nm in a spectrophotometer and the quantity of
IAA in the sample was determined,

e)

?_INDOLE ACETIC ACID3

A cuantity of 100 Micro litre of the samples were
spotted on whatman No.1 Chromatographic paper. (27 x 3Scm).
The chromotogram was developed ascendingly in a2 solvent of
isopropyl alcohols ammonia s water 103131 (V). Then the
chromatogram was ;1r dried and cbserved under UV light for

27
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the occurence of Fluorescent spots using an all glass atomizer,
the paper was sprayed with Salkowshi's reagent (Dullaart,

1967) containing 1.0 ml of 0.%5 M, ferric chloride in S0 ml

of 3% per chloric acid. Then the paper was air dried and
heated at 60°C for 3 to 5 minutcs, The colour of the spot and
the RF vzlues were compared with that of the standard that

was co-chromatographed,

LOW DIAGRAM F RACTION OF OLE A IC ACID
CELL FREE CULTURE BROTH

ADJUSTED TO PH 2,8 A&EXTMCTE@ WITH DIETHYL ETHER,

¢
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i
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|
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|

|
QUALITATIVE AND QUANRTITATIVE ESTIMATION
OF INDOLE ACETIC ACID,



9
NITROGEN FIXING CAPACITY OF THE ISOLATLS:

{a) ACE ERE REDUCTION ACTIV: OF THE ISCLATES (ARA)
Bugersenx, 1981,

Nitrogen free semi-solid milate medium (Baldani and
Dabereiner, 1980) was prepared in 30 ml quantities in
seyum bottles, The vials were inoculated and incubated at
30°C in ptatic‘condition. After 5 days of growth, cotton
plugs were removed and replaced by tight fitting needle
puncture gubber stoppers, The air in the flask was removed
by syringing out and 1 percent acetylene gas was injected,
The flasks were incubated at 30°C in static condition without
disturbing the pellicles for 6 to 12 hours, A quantity
of 0,5 ml of the\ga- sample was withdrawn through a sterile
disposable syringe and fed into a gas chromatogram (Perkin
and Elemer, USA) having FID system with poropsck column
(80 to 100 mesh). The ignition temperature was 160°C and
over: temperature was §5°c. The flow rate of the carrier gas
nitrogen was 20 1lb/min, hydrogen 16 lb/min and oxygen
28 1b/min, The peak length of the ethylene was noted, The

nitrogenase activity was obtained applying the formula,

Chart units x attenélation x Vol. of gas

Nigrogenase activity = phase flask

Hrs, of incubation x Vol, of gas sample
injected into the chromotogram,

The nitrogenase activity was expressed as n moles of ethylene
produced per hour per mg of protein, (Herdy et al, 1951),



6) PROTEIN ESTIMATION IN THE CELLs (LOWRY et al, 1951).

The cells in the broth was first digested, One ml of
the homogenised culture broth was pipetted out from the
vial into a boiling tube and 2 ml of 10 percent potassium
hydroxide was added and beoiled over a water bath for
S minutes, till the solution becomes clear, The clear

solution was used for the estimation of protein,

c) COMPOSITION OF REAGENTS
a) Alka e : ns 8%

A quantity of 50.0 ml of the reagent A was mixed
with 1,0ml of reagent B at the time of use,

Reagent As 2 percent sodium carbonate in 0,1 N
sodium hydroxide solution,

Reagent Bs Copper sulfate 0.5 percent in 1 percent
sodium tartarate,

b) EOLIN-CIOCALTEAU REAGENT (1 M),

1,0 m1 of the sample was taken in 3 test tube and made
upto 4.5 ml with distilled water. Then 5.0 ml of the alkaline
copper solution was added to ssch tube and mixed well. Then
0.5 ml of Folineciocalteau reagent (1N) was added, mixed well
and allowed to stand for 30 minutes., The blue colour formed
was measured at 620 wm in a spectrophotomcter against a blank.
The protein content was estimated by r ferring to a standarxd

graph prepared with bovine serum albumin,
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VI, a) NITRATE REDUCTASE ACTIVITY

(YORDY AND RUOFF, 1981),

The Azospirillum isolates were grown in 1iquid malate
medium supplamented with 0,5 percent sodium nitrate and
1.0 percmt of lactose, This was incubated for S5 days in
shake culture conditions. The broth was centrifuged and
the supernatant was collected, To 0,5 ml of supernatant,
1,0 ml of 1 percent sulphanilamide in 1,8 N hydrochloric
acid and 1,0 ml of 0,002 percent N-(l-naphthyl) ethylene
diamide hydrochloride were added, The intensity of the
pink colour developed was read at 540 vam in a spectroe
photometer,

b) TE REDUCTASE ACTIVITY: (Yordy and Ruoff, 1981).

The Asgepirillum isolates were grown in liquid malate
medium supplemented with 10 mg of sodium nitrate. This was
incubated for five days under shake culture conditions. The
broth was centrifuged and the supernatant was collected,
To 0.5 ml of supernatant, added 1.0 ml of 1 percent sule
fanilamide in 1.5 N hydrochloric acid and 1,0 ml of 0,002
percent !i;-(la-naphthyl) ethylene diamide hydrochloride were
added, The total volume was made upto 30,0 ml with distilled
water, The intensity of the pink colour developed was read
st 540mm in a spectrophotomcter, The nitrite reductase
activity was calculated using the factor, 1 percent light
absorbed in equivalent to 5,28 Micro Gram of nitrite,

c‘é’»ku—o\/"l\
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The Asospirillum isclates were grown in 100ml quantity
of malate free medium (NFd) in shake culture condition, A
suitable quantity was acid digested and an alicuot wos careful ly

WSS & &

pipstted cut into 8 Erlenweyer f£lrsk &nd the pH was adiusted
to 4,0 with sodium hydroxide, The flasks were closed with
stopper, fittcd with glass rod dipped in 10 nerent sulfurie
acié after adding 1.0 ml of 20 percent solium hydroxide, The
flasks ware left owrnight avoiding position that may cause
condensation with the flask, Next morning, the stoppers were
removed and the tip of glass rodes were dipped in 1,0ml of

dist, water in 8 test tube and treated with 1,0 ml of Nessler's
rezgent and 4,0 wl distilled watsr. The {ntensity of the
colour developed was read 3t 490 nm in 2 smm spectrophotometar,
vViil. Juf

Seeds of sorghum bicolor (variéty Co. 24) and maize
(variety GangeeS) seeds were surface sterilized with 20 percent
ethanol for about 5 minutes and washed with storilized distillend
water succ:ssively, The seeds were inoculated with &ifferent
{sclates, The inooculum was done by adding 5.0 nl of broth
culture of Azcspirillum, The seeds were sown in peat and
sandy scil mix, (PH Besr 6,00) teéken in 10cm diameter plastic
pots, After 20 days of growth the seedlings were pulled out,

washed free of the soil, The root length, shoot length,

fresh waight and “ry welght of the plants were datermined,
Control plants were ¢-own without Asospirillum inoculation,
Each troatment had encugh replications, permitting statistical

scretanity of the data,
SXbed
E 4 2 ]
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RESULTS AND DISCUSSION

Asospirillum inoculation to acidic soils was studied,

These organism:s wew 1solated from the acid soils collected

from various lands in Kerala State, Thesze {solates were

tested for the various activities and were inoculasted in pot

cultures of maize and sorghum grown in peat soil and the

resultsof the various exporiments cerried ocut with the acid
so!il isolates of Azospirillum are discussed under following
titless

I,

Ix.

I11.

Iv.

V.

vi.

Vii.

Guantification of total bacteria and diazotrops in

the acid soils,

Identification of the isoclated species of Asospirillum,
Growth of Azospirillum at pH 5.0 and pH 4,0,
PhytohOrmone production by Azespirillym isclates,
Acetylene reduction activity (Nitrogenase) of the
isolates,

Nitrate reductase (NR) and nitrite reductasze (nir)
activity of the isolates,

Effecybf Asospirillum inoculation to maize and sorghum

plants and their ammonie excreting capacities of the
1'01‘t@'g

The resultSof the sbove exporiments are given in the

following tables and the table I gives the total hetero-

tropic bacteria present in the soil samples,

33
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QUANTIPICATION OF TOTAL HETEROTROPIC BACTERIA IN ACID SOILS
TAB% ;.a=

Soil Colonies per *
Samples Dilution plate. Total Heterotorphs,

1 10-7 120 150 x 107

2 10~ 114 142.5 x 107

3 10~7 120 150 x 107

7

Mean 148 x 10

Ae W GNs G e WS WNe

W SN Gen NN WED A YR AW G SR AR IR SR BNE W GYS AR e I WS W G G AR W G e B e dBe AN e

* Total heterotrophs present per g of soll in dry weight basis,
ta.

The results of the quant%@ive analysis of the three
soil samples for total heterotophic bacteria are pr-sented in
table Ia, The data indicates that all the three acid solls
recorded fsirly high populations of heterotropic bacteris,
inspite of the pH of the scoil samples ranging between 5.0 to
S.2. The total heterotrops registered on an asverage

8

14.8 x 107 per gram dry weight of the s0il.

The population of the heterotrophs in various solls
normally ranges from 9,0 tc 10.0 x 108 counts per gram of soil
on an average (Subba Rao, 1979), From the above date it was
clear that thepopulation of heterotropha in all types of the
soil samples tested are slmost similar,



GUANTIFICATION OF AZATOBACTER IN ACID SOILS

ZABLE ;Q.
Soil Ko, of *
Sampl es Dilution Cclénies No. of Azgtobacter
1 10=3 72 90 x 10°
2 10”3 64 80 x 103
-3 3
3 10 7 96,5 x 10
Mean 8% x 10

AN W M AR G W e W

W AWM G e A Gk A WS G GND W MR M WP G M TG e SR e GUR W UR SR W G AR S e e o

* N:s of Azatobacter present in i1g of soil sample,

Table Ib represents the population of nitrogen fixing
diazothoph Azatohactér in the soil samples, Azotobacter counts
according to this datawere not very high, but restricted to
a range of 1000 to 10000 per gram of soil, The data recor‘ed
on an average 8,9 x 10‘ cells per gram of soil samples on

dry weight basis,

The above population of the diazotroph, Azatobacter
was very low when compared to the normal populatiopbf
Azotobacter which ranges from 80 to 90 x 10* counts per gram
of Soil, The dats has clearly indicated, The inabllity of
the bacterium to survive in acidic pH.
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Pl N OF A PIR FROM A( S0.
TABLE II
SOIL SAMPLES Azoswmpmmm*
- e we o e — - e wus e W - 5
1 53.75 x 10
2 6.25 x 10°
3 7.75 x 10°
Rean 22,38 x 10

W AN e e W W B

e WS G W W UM AN G D AN G D SRV GWs IR AR W aNe U GER s W W TR Al G G G AW e

* No, of counts per gram of soil,

The microbiological analysis of soil samples obtained
from Kuttanad, Kerala State for the occurence of Agospirillum
is presented in Table II. All the three soils samples
harboured Azoppirillum in fairly large numbers, On an average
the soil had 22.58 x 10° counts of Azgspirillum per gram of

soil in Ary weight of soil. Asgospirillum population
constituted 0.15% of the total heterotropic flora of the soil.

Inspite of the acidic nature of the soil Azospirillum
counts w-re fairly high, when compared to the normal population
of Azospirillum in tropical soil, 30-40 x 10° cells per gram
of soil at neutral pH (Subbarocad, 1979).
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PLATE - 1

TIsoLATES OF AZO0SPIRILLUM IN AGARPLATES

PLRTE : 1!
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PLRARTE: 1

ENLRRGED VIEW OF
AZOSPIRILLUM I50LATE 3

WHEN STREAKED IN AIGRAR PLRATES
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PLATE:

ISOLATES OF AZOSPIRILLUM IN AGARPLRATES

PLRARTE : 1!

ACID SOIL ISOLATEYG
Azospiritlum
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PLRATE: 11

ENLRRGED VIEW OF
AZOSPIRILLUM 150LATE 3

WHEN STRERKED IN RGRR PLRTES
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CHARACTERISATION OF AZOSPRILLUM FROM ACID S0ILS.,

Asospirillum, the soil bacterium, widely distributed in
almost all types of so'ls, had been isclated eesily from all
types of soils, Problems of the soil like salinity, alkalinity
and acidity are known to influence the microbial population
and amiﬁty. Alkaline soils collected from various parts of
Tami) Nadu counted a very low population Azospirillum and most
of the diasotrophs were almost absent (Purushothaman et al,
1988), However inoculation experiments conducted in Florida

with Asospirillum brasilense to slightly acidie soils showed
incrcesed acetylene reduction (Smith gt a] 1984), Combined

inoculation of Azospirillum and Azgtobacter to Bajra in acidie
soils showed increased crop and fodder yield (Pant et al, 1985),
The population of Azospirillum in the acidic soils collected
from Kuttanadu of Kerala State was very high when compared to
the total heterot¥opic bactorial (14 to 1S x 10%) population
and diazotrops. (8 x 9 x 10%. e population was found to
be 0,15 percent of the total heterot¥ops on an average in these
soils. Acidic soils thus have shown surprisingly a good
population of Azospirillum inspite of the low counts of
diazotrophs and lethal effects of the soil due to acidity. pot
culture and field trials of the bacterium gave better response

than Standard Azospirillum brssilense strain ep.7 (Purushothaman
et a}, 1985),
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Asospirillum was isolated from sorghum roots grown in the

. soil collectcd from Kerala State, All the isolates were
characterised following the traits laid down by tarrand gt al,

(1978) . All the isolates were Azosoirillum lipoferws spp. Majority
of the isolates were found to exhibit both nitrste (nar ') reductase .
and nitxite reductase (nir’) activity as reviewed by Dobereiner

et al, (1981), All these acid soil isolates were found to grow

well in acidic environment as compared to the standard isolate

of Azospirilium brasilense (Sp.7) from Brasail, Eiﬂﬂs 2,(},/](/

H RATE OF AZOSPIR I LATES
ZABLE ;L;
Isclates
of 3ra hr. 6th hr, 9th hr, 12¢h hr. 1S¢th hr. 18th hr.
Azospirillium
1 0,067 0.081 0,089 0.094 0.101 0.11
2 0.062 0,066 0,074 0.083 0.093 0.101
3 0.060 0,063 0,067 0,072 0.076 0,082
4 0.064 0,076 0,085 0.093 0.09% 0.102
s 0.061 0.062 0,066 0,068 0.072 0,08
sp7T" 0,063 0.070 0.079 0.090  0.099 0.103

WS WS e G A G G W BN D WS R TN BN AR U AN GRS W SR e A GNS GUR G T A I W M e e O A

* Optical density values of the isolates measured at 520 nm
Isolates grown in yesst extract glucose medium of pH 5.0,

* S8p 73 International standard, A, Brasilense
Growth pattern of 5 isolates of Azospirillum aw presented in
figure I, Table Il also represents the optical density values of
the isolates, All the isolates were found to grow extremely well
in the yeast extract ghucose medium adjusted to pH 5.0, The
standard isolate Sp 7 also recorded 2 high growth rate,



J9
Isolates 3 and $ recorded a slower growth than the other isolates,

Within 3 hours all the isolates, reached the initial logrithamic
phase which prolonged for approximately 15 hours for all the

isolates,

P A N G e e A WS W RS M G NP OWE BN S WE VR SR W G AN e G GBS W SIS W WS M TR e

ISOLATES OF AZOSPIRILLUM CELL Y1s5LD"
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8p 7 20
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* In gm per litre of the cultuse medium

The cell yield of the Azospirillum isolates grown in a
rich medium (yeast extract glucose medium) is presented in
Table IV, A quantity of anproximately 20-25 gram of dry weight
of the cells per liire was harvested in a period of five days
of all the isolates. Isolates 2 snd 3 recorded maximum growth
yield,

T™he high cell yield recorded by isclates 2 and 3
was useful in t:osting these two isolates at various pH and other
experimental conditions and field trails,



Growth of Azospirillum at pH 4.0
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ECT OF AZOSPIRILLUM ISOLATES
JABLE V

.
OPTICAL DENSITY

Agospirillum oth 4th 8th 12¢th i6eh 20th 24th
hour hour hour hour hour |hour hour
1 - 0,020 0,021 0.022 0,024 0,028 0,032

2 - 0,022 0,028 0,033 0,038 0,042 0,045

“”“'~~n~~“-‘“-““-*“‘*“*ﬁ“-“"-~-—-*

‘Optlcal Density me: sured at 520 nm

PH 4,0

Two of the S isolates, namely isolate 2 and 3 were grown in
yeast extract glueose medium adjusted to pH 4,0 after
sterilisation. Figure 1I represents the growth of these

two isoclates at pH 4.0, Itwas interesting to cbserve from
the figures, the profuse and rapid growth of isolate 2 at pH
4.0 vhile the isclate 3 grew rather slowly with extended lag
phase, Thess date indicated although the isolates were
obtained from soils with pH 5.2, they are cepable of thriving
even at lower pH values, The optical density valuesused in

the determination of growth rates of the isolates are ropresented
in table IV,
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EFFECT OF PH ON AZOSPIRILLUM IS8CLATES
Azospirilium isolates grown in liquid yeast extract
glucose medium of pH 5.0 showed a high growth rate as compared

to the standard sp,7 (Fig.I)., All the isolates reached the

initial lograthamicphase within thr-=e hours and the growth phase of
the isoclates were complete by twenty four hours, The isoclates
through, this invitro experiment proved the capacity of the
bacterium Azospirillum to grow in varied physical environments,
These isolates were also grown at PH of 4.0, Though only two of
the isolates were tested both the isclates surprisingly grew

well at the low acidic pH even though the initial lag phase was
slightly longer as compared to the same isolates grown at PH 5.0.

Growth of the isoclates at PH 4.0.proved che ubigquitious
nature of Azospirillum, Most of the diazotrophs féiledto grow at
this range of pMH, The capacit, of the isclates to thrive at very
low pH, though they have been isolated initially from & PH range
of 5,2 to 5.5 gives way for the application of this bacterium
to even highly acidic soils, Most of the {solates obtained from
similar soils were found to be of A,Lipoferum and all the
isclates were found to grow well at acidic ph ranging from pH
4.0 to 6.0 (Kosslak et 81, 1984). In vitro experimental resultse
of Azospirillum at liquid culture medium of various pH, had
thus led to the further study of Azospirillum in various acidic
tropical soils,
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QUANTITY OF INDOLE ACETIC ACID +*

ISOLATES OF - e o o - - - - - - - - - - - - -
AZOSPIRILLUM Sth aay 10th day
1 ’ 81,048 117.89
2 33.456 213.672
3 88.416 331,56
‘ 81.048 176.83
s 36.84 180. 49
Sp7 33.416 176.83

My NS e ANS WA wEe Wi AN SR uue TER MR S GEE IR AN B ARG AR AR R e e G SR G G @ e e S oW

* Indole acetic acid formed in microgram per 100 ml
of culture medium under () tryptophan condition
mediur not supplemented with tryptophan,

The capacity of the isclates of Azospirillium for
synthesising phytohOrmones like Indole acetic acid (IAA) are
presented in Tsble VI. The growth medium was essentially veast
extract glucose broth not supplemented with the precussor
txyptophap’. The total indole acetic acid in the cell free
culture filter was determined at two growth poriod, This data
is represented in the form of a histogram in figure 1II, These
data indiceted that even without tryptophan the isolates
synthesised fairly large cquantities of indole acetic acid
(normally 150 to 360 microgram). Om f£ifth day isolates 3 and 4
registered high values of indole acetic acid while on tenth day
isolates 3 and 2 recoorded maximum amount of indole acetic acid.
In this respect all the acld soil isolates of Az were
superior to isolate 5p.7.
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*Tryptophan is the nrecuesor of indole acetic acid production
IAA producticn wes found te be 1%0 to 360 microgram per 100ml of
culture medium supplemented with tryptophan,

WU A G WA N e e G0 SN W GG Wie G W B e SR M e N Joe e TR A W S W P WS SEr G e

ISOLATES OF AZOSPIRILLUM RF VALUES
1 0.107
0.653
2 0,147
0,693
3 0.133
0.680
4 : 0.480
0.780
S 0.587
0.787
sm 0.937
0.807

.‘-*-~-~~~’““‘"“"‘-'**“‘-”ﬁ”““

The occurence of indole acetic acide and other indole
derivatives in the culture filterate of the {solates are set
out in the chromatogram in Figure IV. Along with indole
acetic aclid a few more indole derivatives were 23180 recorded on
the chromatogram. All the five isolates and the standerd sp 7
regorded more than one indole compound., The RF values of the
indcle compounds and indole acetic acid are given {n Table,VI.



PHYTOHORMONE PRODUCTION BY AZOSPIRILLUM

Asospirillum isolates were also found to produce
significant amount of phyto hormones like indole acetic
acid. Most of the isclates produced indole acetic aciad in
significantly large asounts 2s compared (170 to 300 micro-
gram per ml) to the s:andard sp.7. Indole acetic acid
synthesis was found to increase in most of the Agospirillup
strains as the nitrogen fixing capacity of the strains
increased (Hartman et al 1983), Tests carried out on the
effect of plant growth promoting substances like gibbevlins
and indole acetic acid on plant, growth, showed increased
plant growth and plant biomass 28 the production of growth,
promoting substances increased (Silveria gt al, 1983). The
bacterial growth was found to increase in medium supplcmented
with tryptophan, the precussor for the production of indole
compounds (Moore, 1980) -~ The indole acetic acid concetration
was found to have a linear effeect on the growth of plants
and bacterial population.

Nitrogen fixing capacity of the isolates, voried beotwoen
isolates and this hasled a way to inogulate these isolates
to varicus plants, Nitrogen fixing capacity of Azospirillume
strains inoculsted to ri¢e soils showed enhanced acetylene
refuction activity at low nitrogen content (Mayak et al,
1981), Ritrogen fixing capacity of the Azospirillum strains
in varicus non leguminous plants like wheat (Avivi 2t 3) 1982)
maize (mellado ot &) 1983) Setaria italca (Okon et a] 1983),



30

Balrey and maise (Kulinka et al 1983) showed active acetylene
reduction and vaeried nitrogen f£ixing capacity.

BITROGENASE ACTIVITY IN AZOSPIRILLUM ISOLATES

TABLE VIII
1SCLATES OF NITROGENASE "
AZOSPIRILLUM ACTIVITY
1 60
2 70
3 70
4 70
s 80
Sp 7 50

GIR MWE MR Wik S Sl WS TS VD TR WR W We NS D T B e e Wk AIn W W e

* nanomoles of ethylene produced per hour per mg of
protein,
The nitrogen fixing capacity of the isolates of Azospirillum

was studied in a gas liquid chromatogram. The data of
nitrogenase activity are presented in Table VIII. The
nitrogenase activity (ARA) of acid soil isolategand §p 7 wWere
anywhere between 30 to 70 n moles of ethyleme per mg of pro=
tein per hour, Isolates 2, and 4 showed maximum nitrogenase
activity vhile the nitrogename activity of {solate 5 was
found to be minimum,

Bitrogenase enzyme system is the metallo enzyme complex
present in all nitrogen fixing microeorganisms. Nitrogenase
enzyme system helps the bacteria to fix the elemental
atmosphereic nitrogen as ammonis in the soil, The nitrogenase
activity of the isolates was found to be low when compared
to the normal activity (300 to 400 & n moles) in all
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uninoculater
Control

1T
CULTURES OF AZOSPIRILLUM FOR N1TROGENRSE RCTIVITY



Azospirillum species at neutral pH, inspite of low acetylene
reduction activity, the nitrogenase action and the nitrogen
fixing capacity of the acid soil ismolates at pH 5,0 was
sufficient to increase the plant vigour index {n peat based
s0i]l in this study,

E R ASE A IN AZOSP UM 1 ES
T ISOLATES OF NITRITE REDUCTASE ACTIVITY
AZOSPIRILLUM - e on - = - - -
THIRD DAY FIPTH DAY
1 13,453 14.08
2 14.08 | 14.39
3 4.29 5,32
4 0.76% 1,83
5 1,23 2.76
SP7 14,39 14.54

B A G N AN TS QEh S AR IR VIR G W R YIS A A D S SN WU A SRe AN RS G N G GRS SR WA

* Micromoles of Nitrite present in one ml of culture medium
Nitrite redutase activity in Aszospirillum isolates are shown
in Table IX, All the isolates possessed nitrite reductase
(nir +) activity, Isolates '3 and 4 recorded moximum of
nitrite reductase sctivity, Sp 7 and {solate 1 registered low
nitrite reductase activity. The nitrite reductase activity
was measured at two growth periods,

Nitrite reductase activity indicates the dentrification
property of Azospirillium Nitrite reductase oxidies, the smmonia
fixed by the bacterium to nitrite, Thus ammonia unavailability
found to plants was reduced, Denitnifrication was only found in



m in the range of 1,2 to 2.5 micro 47
miles of nitrite per ml in a nitrite grown medium (Dobereiner,
1982)., All the =2¢cid soil isolates showed high denitrification

in a nitrite grown medium except isclate 2 and 1,

. *
AZOSPIRILLUM NITHATE REDUCTASE ACTIVITY

3rdday Sth day

1 i.86 1.24
2 4,38 1.86
3 2.48 .88
4 0.621 nil1
5 3.72 2.48
sp? 11.8 11,43

* Quantity of nitrate present in micromoles per ml of

culture medium,

sitmi;e reductase (nr) activity of the isolates of

Azopirillum is presented in Table X, All the six isolate
were positve of nitrate reductase (nr +). The isolate sp 7
recorded the highest nitrate reductase activity than the
rest of the isolates. Isoclate 4 surprisingly showed very
lov nitrate reductase activity than other isolates,

Ritrate reductase, the second denitrifying enzyme
conveyts nitrite formed from ammonia to nitrate and further
to nitric oxide, Nitric oxide might escape into the
atmosphere, thus completing the nitrogen cycle, The above



<8
data has clearly indicated that the nitrate reductase
activity of the isolates was low in a nitrite supplemented
medium when compared to the wild type strain of Azospirilium
brasilense (9 to 12 micromoles of nitrite per ml), The
combined effect of the two enzymes might inhibit the
nitrogenase activity by utilizing the ammonia that was
f£ixed by the bacteria,

*“"“ﬂ”“"““-““‘”“”0“““’--““"““.

AZOSPIRILLUM QUANTITY OFAMMONIA®
ISOLATES. 7th day 10th day 15th day

1 3.8 6.72 12,48
2 1.9 3.36 11,04
3 1.92 4.32 15,76
4 .32 5,28 6.0
5 1,92 2,08 13,2

sp 7 0.48 3.34 9.6

A WS e TR N SR G SRR A R A R e S W Ak W NS e R AW YOI e G S S S MR e M RS T

‘quantity of ammonia present in 100 ml of the culture medium in
milligram i,e, mg/100ml.,

The data on the release of fixed ammonia from the nitr- gen
fixing cells of Asosprillum isclates are set out in Table XI.
All the isoclates showed the axcretory property of ammonia, All
the five isolates were found to excrete more ammonia then that
of the standard sp.7., The isolate 3, 5 and 1 were found to
record higher cquantities of ammonia while the isolate 4 however

recorded 2 very low velue of ammonia compared to all the
isolates,
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The capacity of the Asospirillum isolates to excrte the
fixed ammonia into the medium was found to be beneficial to
plants, This reveals the property of the bacterium to make
avatlable the nitrogen fixed in the form of ammonia in the
rhisosphere of the bacterium, so that the plants might absorb
the aitrogen. The Azospirillum strains were found to have
a low nitrate reductase activity in both the nitrite grown
and nitrate grown medium, Mutants of A,lipoferum were only
found to have this property (Purushothaman et al, 1984).

This denitrification property of the isolates may inhibit
the nitrogenase sctivity of the isolates in the medium,
However even with this nitrate reducease activity, the
isclates were found to have a good nitrogen fixing capacity.
Due to this property of the isolates to extrete the ammonia
fixed in the rhizoaphere into the environment, the nitrow

genase action was not inhibited,

The need of nitrogen to the growth of the plants have
le2d to the imoculation of the crops with Asoppirillum
(Kapmlnik, 1984, Tilak, 1985, Okon et al.., 1983, Vose, 1983),
Sevceral scientists have proved an incrcased crop yield after
inoculation of the plants with Asgspirillum (saldani gt ajl,
1983). Thus inoculation of Azospirillum to variocus crops in
various salls also showed an increased growth of the plants
(Rundu et al, 1983).



In this study, the Asospirillum strains, isolated from
the acid soil) samples ware inoculated to maize and sorghum

similar characteristic A4S the scil samplcs collected from

Ruttanad of Kerala State, The results of the pot culture

exporiments on the influence of Azospirillum inoculation to

sorghum and maize ané presented in Table XX and XIII,

INFLUENCE OF AZOSPIRILLUM INOCULATION ON PLANT GROWTH

(SORGHUM BICOLOUR VAR, CO, 24)
ZABLE XII

50

AZOBPIRILLUM
ISOLATES

SHOOT

LENGTH ROOT LENGTH

FRESH
WEIGHT WEIGHD

DRY

WS Gue WE NG S MR W G A SN S e AR SRS WS Gbe WS TS G G AR GNe I S

(o)

(o)

(9)

(g)

W G G Gl der e W SN I M R SRR GNE GNP R WA U GRS A AN G AR G TR o TR SR W mis AUD GRS

1
2
3
4
5

sp 7
INOCULATED

19

18,6
22

16.2
18.0

19.3
16

20.2

19.4
20.1

16
17.5
14
12.3

0.48

0.41
0.61
O.41
0.51

0.5
0.40

0.083

0,083
0.11

0.072
0.09

0.088
0,070

““mmmbﬂmﬁﬂm*m“mﬂﬂwmmﬁﬂﬁﬁﬁmﬁmnﬂ-‘*



* 15 days of plant growth, Mean of four plants, Plants
grown in peat soil.

GUr S W W A e TN W GEE G R AR W D N Y AN TR e R G AR W G R B SRR M S R e G

FRESH DAY
ROOT LEWGTH SHOOT LENGTH o o HEIGHT
om em - ] 9

W WUR TR G SIS A SN AN Ve VAR G YN e R IR NS SR AN G e B D WS e e e

Mean :t 8.Ds Mean 1:3000 Mean +8,D. Heani:ﬁ,b;

Wy GNE TS AN AN W AR B W WS e e e TR G PR W W WS e A - T e e S e Tee e R B e e

INOCULAT D 19,1 + 2,01 18,0 £0.204 0,49 £t0,4 0.08610,008

UNINOCULATED 16 + 0,210 12,3 +0,058 0,4010.008 0,07+ 0,008

U AN Gan W GEE N GNP GRS AR G SN W MR NI WS R M AR e W VI N GPe T N AR Gl e SER aee ARe Wev  BENe

t ca) 24,78 2.623 6.998 9.009

G B G e T R S e G N G AR W ST G N R N M W G Y SRe WS WS W S G A Gae e AN

tO.GS = 2,06

%01 = 2,79
Vs 2%

Ve 2§

V = Dagree of freedom,



INFLUERCE OF AZOSPIRILLUM ISOLATE IROCULATION CN PLANT GROWTH

(MAIZE)
{Var=-gauge~S),
TABLE XIII
AZOBPIRILLUM
cn am g9 g
1 30.66 37,33 4.38 0.58
2 28,75 36.78 4,238 0,43
3 36 46 $.97 0.99
4 28.5% 45 5.61 0.67
S 35,78 47 5.86 0.482
sp 7 24.% ‘0.5 2,88 0.6
URINOCULATED 27 38 3,51 0.41

AN WS WAe e S BN W M e NS YN G G e W G W S N N B T e AV IS I Gl AN G SR e R R e

* plants grown for 1% days, Mean of 4 plants, Plants growvl. {n peat

soil.
ROOT LENGTH SHOOT LENGTH = VRESH DRY
WEIGHT WEIGHT
Ve SN G G W e A W W e ARG SNR W SN W G AR AR WA SO GG T W G W S W T
Mean i— S8.D. Mean _'t 8,D. Mean + 8.D. Mean+ S,D,.

G s BB MR e S S W M e e W AN G RIS I W AU AN e B e G e GEK A BN WD W G W SR e T

INOCULATED 31.3 + 0.619 42,110,733 4.910.,58 0,58+ 0,062
UNINOCULATED 27 + 0,460 38 + 0,5 3.5110,062 0.411 0,01

~~‘~-~‘”’~“““~““‘-”““”~---“-

t cal 21,78 77.64 14.86 4.47

."‘“‘“““*””~-~’““*~~”~~’~~~--*~“~—

t 0,05 = 2,08 t 0,01 = 2,8

vs 21 v s 21,
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The results of the pot culture experiwments on the imfiuence
of Asospiriliym inoculation im Sorghum and maize ars presented in
Table XIT and XIII. Seed and soil inoculation of Asospizillum for
sorghum resulted in a significant increase in shoot length, root
length, fraesh weight of the plant and the 4ry weight of the
plant, Similarly in maise crop also a sigrficant increase in the
root length, shoot length, frosh weight and dry welght of the
plant were encountered duc to Amospirillum imoculation. It is to
reconside that the soil used in these exporiments were having a
pH of 5,2 to S.4 as {t was & peat mixture soil,

Thus the inoculation 2tudies have indicoted a significant
increase in the plant root length, shoot length fresh weight
and dry weight of the plants when compared with the uninoculated
gontrol and also, the standard Agospirillum brasilense strein

(sp 7)s There was a significant incresse in root biomess within

8 period of twenty days of plant growth, There was significant
increase in goot length and also {n the shoot longth of the plants
when comparad with the uninoculated controls, Thus these results
elearly indicates the effectiveness of Agosp g inoculation on
plants ggowth, Thus inoculation of Azospirillum to peat bhased

soil wos found to show an over all increased in all growth paremetors
of and vigor index of the plants, From all the ahove results it ia

¢lasr that of th; S isolate, ivolate 3 was found to be very effective,
Isclate 3 was found to produce maximum IAA, and also showed high
nigrogenase activity and ammonia excretion, The response of sorghum
and maize to Azogoirillum isolate 3 was found to be very effective
compred to all the other isolates,

K22 277

L2 1
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Summary and Conclusion




A study was undertaken to gharacterise the assogiative
Ritrogen fixing bacterium gillue in acid soils collected
from Kuttanad snd Tricwur of Kerala State, The soils sampl-s
collected were tosted for total hetrotrophs, dlazotrophs,

and Azopoirillum, The study was conducted in two phases,

Pirst phase of the experiment consisted of {solating
the bictaﬂ? Anospirillum from sorghum roots grown in the acid
soils collected from Keralea State, The isolated Agognirillum
species were than e¢haracterised according to the traits leaid
down by Terrand gt 81 (1978),

In the second phase of the study, the isclates of
Asopizillum were inoculated to various medium in javitrg conditions
and to certain pot cultures, Experiments conducted revealed the
growth pattern of the s at various pi, nitrification
and denitrification property of the isolates, Amm nia exeretion
of the isolates and also the producticn of phytohomnes by the
isclates, The effect of Asospirilium inoculation on the maxsh
growth of gorghum and maize under pot culture condition were
also studied, The results of the study are summorised as
follows,
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The indole conpounds identified and indole acitic acid produced
were found to increase the plant growth.A linear relation was
‘found between the amount of IAA produced and the effect of the
inoculation of the isclates to various crops,

9) The effect of inoculation of the Asospirillum isolates
to sorghum and maize on peat based soil were studied, It was found
that there was a significant i{ncrease in the root length, shoot
length, plant fresh weight and dry weight, There was in overall
inerease in the plant weight as compared to the controls and
standard, Thies experiment on the pecat based soil of pH 5.0 proved
that Azospirillum inoculation wzs effective to phgu growa in

acidic soils,

In general, we can say that Asospirillum lipoferum was very

effective in increasing the vigour index of the plants grown in
acidic conditions. The Azospirillum could thus be inoculated to
tropical acidic soils effectively. This diazotroph was found to fix
aitrogen in all types of habitats. Thus Azospirillum was proved to
be a very effective diazotroph when compared to the existing nitrogen
fix@mgé capacity of this associative bacterium with respect to
cere2ls and grasses clearly indicated that nitrogen fixation in

non-legumes by Azgspirillum occurs at level of agronomic signifie
cance in crops production in semi.ayid tropics (Wani 1985),

*hRR



Recommendations




AECOMMENDATIONS

Asospirilium which has been proved to be bio fertiliser
for varied habitats can be recommended as a bio-fertilizer to
acid soils, though it cannot completely supplement the chemical
fertilizer needdf the soil,

Agospirillum could be inoculated as a nitrogen fixer to
maize, sorghum, wheat other grasses and non leguminous plants
that grow in acidie soil fields for further trail experiments
and the effectiveness could be tested over & long duration.

Experiments on influence of the soil physiologieal
properties like temperature, moisture content and pH on the
aitrogen fixing capacity of the isolates could be conducted
to increase the application of these isolates to evem highly
acidie soils, PFurther study on the dentrifying capacity of
the isclates can be carried out to reduce the activity of the

engtymes so that Asospirillum inoculation might be highly
effective,

ek he
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