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ABSTRACT

Bacteria of the genus Azospirillum are considerasl,plant growth promoting bacteria and
stimulate plant growth. Azospirillum is a microaphilic, plant growth. Promoting bacterium,
grow well in semi-solid medium. In this study,ogyrillum strains were isolated from paddy
rhizosphere soil of Thanjavur district. All 30 lates were analyzed for its nitrogen fixing ability
by using Microkjeldhal method. Thus the presemtysts focused on to identify the highest N
fixing of Azospirillum strain and compared to eaxther.
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INTRODUCTION

In the current agriculture, nitrogen is a limitingtrient for growth and yield of crops. Nitrogen
(N2) is found in the gaseous forms in atmospheri@ad plants and animals do not get to use it
in this form for their metabolism (Dobereiner, 19397The plants get nitrogen, mainly from the
application of nitrogen fertilizers, industriallyrghesized from the atmospheric dinitrogen)(N
This element, becomes available for the plants iy BNF, realized by some bacteria
demominated diazotroph, which possesses an enzymapiaratus capable to break the triple
bond between two nitrogen atoms from the atmospheitrogen, forming ammonia that is
similar to the industrial process (Dobereiner aradidBni, 1998; Okon and Vanderlegden, 1998;
Victoria et al., 1992).

Relative losses of nitrogen regularly occur frone teoil through microbially mediated
nitrification — denitrification processes in additi to leaching, volatilization, soil erosion and
other natural processes. Admittedly, the increasgdgen demand of the crop is met through
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the application of mineral fertilizers, but biolagl nitrogen fixation by microorganisms has
assumed greater significance as it is the majarcsonf fixed nitrogen, about 17.2 x ‘1dns per
year, on a global basis and it can substitutpait at least, for chemical sources in satisfyhey t
demand for nitrogen by plants. The limited avaligh increasing production costs and
procurement problems further limit fertilizer usagarticularly in farming systems operating in
the developing world. These beneficial effectsitiogen fixers make biological fertilizers more
resourceful than chemical fertilizers.

Nitrogen fixation byAzospirillum sp. in association with grasses and other planss been

examined. The physiology of,Nixation and factors affecting the growth and aifenease
activity of Azospirillumsp. has been shown that many organic acids and swnosaccharides
and disaccharides support nitrogenase activity wgospirillum sp. under microaerophilic
conditions.

Biological N, fixation is gaining importance in rice ecosysteetduse of current concern on the
environmental and soil health that are caused éygtmtinuous use of nitrogenous fertilizers and
the need for improved sustainable rice productivitjhus biological fixation of atmospheric N,
especially for low input agriculture.

We investigated the number of rhizosphere bactaitiepgenase activity during bacterial growth.
MATERIALSAND METHODS

Description of the study area

The present study focused on the area in and arboacjavur district. The study area is situated
in Tamilnadu staté.at. 11'10'- 11" 30’ N and Long. 7815’ — 78'30' E) with the significant features of
evergreen forests and also it was a less explareslystem for the investigation Azospirillum
population.

Collection of soil samples (Bashan and Wolowelsky, 1987)

For the enumeration @&zospirillum soil samples were collected by aseptic mannardspth of
5-10 cm according to the V - shaped method, atytldifferent locations in and around the
Thanjavur district. From each site, five samplesreveollected and pooled together and
considered as one sample. The soil samples werglrdo the laboratory and kept in the
refrigerator for further process.

I solation of Azospirillum

From the collected soil samples, 1 g was takensani@lly diluted using sterile distilled water
upto 10 dilutions. One ml of diluted sample from36o 10°® dilutions was taken, and 0.1ml of
aliguot was inoculated in test tube containing fMitrogen free bromothymol) semisolid media.
All the tubes were incubated at @2for 48 h and observed the growth by the formatién
pellicles. The pellicles were streaked on Nfb satiedia and incubated at 82for 24 h.

Morphologically divergenf\zospirillumcolonies (white, yellow and pink) were picked frone
plates and streaked on basal minimal salt agarumeaind incubated at 32 for 24 h. After
attained sufficient growth, all the isolates wereeserved in a refrigerator for further
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investigation. The stock cultures were sub cultureffesh nutrient agar slants once in a month
and maintained at refrigerated condition. Theatad were also streaked separately on Basal
Minimal Salt and potato agar media separately andlbated at 32°C for 48 h.

Efficiency of N, fixation by micro-kjeldahl analysis (Berger son, 1980)

The efficiency of N fixation of Azospirillumisolateswere made in semisolid Nfb medium
containing 0.05% of malate as carbon source. Tokates were inoculated in Nfb semisolid
medium and incubated at & Triplicates were maintained in each isolate® fttal amount of
N, fixation was determined by a micro kjeldahl anedys

Sample preparation

After 10 days of incubation, the media containisglates were digested in the 100ml micro
kjeldahl flask by adding the salt mixture (50:1@atio of K;SOQy, CuSQ and metallic selenium)
and 3ml of concentrated,BO,. After digestion, 100ml of distilled water wasdad and cooled.

Distillation

The digested samples were poured into the micrbddel distillation apparatus. For quick
delivery, 10ml of the 40% NaOH was added in to distillation apparatus. In a 12ml Erlen-
Mayer flask, 10ml of 4% Boric acid reagent and 8pdr of mixed indicator were added. The
flask was placed under the condenser of the disth apparatus and the tip of the condenser
outlet was beneath to the surface of the solutidhe flask.

Titration
The solution, boric acid and mixed indicator contag the “distilled off” NH was titrated
against standard HCI.

Calculation
Percentage of Nn the sample

Sample titer — Blank titer
= X Normality of HCI X 14 X 100
Sample wt. in g X 1000

RESULTSAND DISCUSSION

Diversity of Azospirillum

For the isolation oAAzospirillumspp., Nfb semisolid medium was used. After 2#d¢ubation,
the Nfb semi-solid medium showed white coloredipiell(Fig 1 & 2). Appearance of pellicle
formation on Nfb semi-solid medium indicated suségalsisolation ofAzospirillum The pellicles
were transferred into Nfb plates. After 48 h whitegrged colonies were observed on the
medium. Typical white or pink, often wrinkled cales were picked out and transferred into
Nfb semi-solid medium. A total number of 30 morpgigtally distinct Azospirillumisolates
were isolated and tabulated. For enumeration otifadipn density, the number of colonies on
the plates was counted in the range of 68 to 21@nezs. The highest population density was
observed in sandy loamy soil at Thirubuvanam. [Biaest population density was observed in
sandy clay loamy soil at Thiruvalanjuli.
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Fig:1 Pellicle formation of Azospirillum
strain in Nfb semi-solid medium

Fig:2 White colour Azoespirillum colonies
on BMS medium

The availability of selective media for isolatin@gbtrophs belonging to the gendgospirillum
and the case of its detection by characteristitufea of sub-surface white pellicle formation in
semi-solid agar medium has helped to isolate frioenrhizosphere and root surface (Hegazi
al., 1979; Baldanet al.,1986; Ladheet al.,1987; Sundararet al.,1988). Several isolates were
obtained on semi-solid nitrogen free media fromtsaaf Kallar grass (Bilal and Malik, 1987;
Zaferet al.,1987; Bilalet al.,1990; Maliket al.,1991). These isolates formed a fine sub-surface
white pellicle in nitrogen-free malate medium witl#4h, which gradually moved to the surface.
Azospirillumspecies as described by Krieg and Dobereiner {18&4curved plump rods, 0.8-
1.0 x 25 um in size, with PHB granules, which infixing cells can reach 50% of the cell dry
weight (Okonet al.,1976). The cells are normally Gram negative butnGvariability has been
observed inA. brasilensgTarrandet al., 1978). Cells are motile with a single polar flageil
Numerous lateral flagella of shorter length arerfed inA. lipoferumandA. brasilenseon soft
nutrient agar where swarming is observed (Hall kinelg, 1983).

Azospirillum were identified by cultural techniques as descrilbbdNeyra and Dobereiner
(1977). The purified isolates from paddy soils andts of rice cultivars upon microscopic
examinations revealed the characteristic rods faitluroplets and active spiral movements also
important criteria foAzospirilliumidentification.

Nitrogen fixing capacity

Nitrogen is the most significant yield-limiting etent factor in many agricultural production
systems. It is known that in legumes, BNF by syriibibacteria provides a substantial amount
of nitrogen required by the plant. When NF bactarico-exists as an endophyte within non-
legumes, the plant’s total nitrogen content riseioumnly. Nitrogen accumulation in inoculated
non-legumes may be the result of BNF (Bodéeéwl.,1995; Elbeltagyet al.,2001; Oliveiraet
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al., 2002) or the increase in nitrogen uptake from tié (¥anni et al..,1997; Prayitnoet al.,
1999). BNF is the process in which microorganisoaled diazotrophs, convert atmospheric
nitrogen (N) into ammonia compounds that are assimilable hgrodbrganisms. The nitrogenase
enzymatic complex, encoded by th# HDK genes, catalyzes this reaction (Passagfial.,
1995). AlthoughAzospirillumspp. have the ability to fix nitrogen, freely lng in the soil or in
association with roots of economically importardsges, the positive effects of inoculation with
Azospirillum are mainly derived from phytohormone production af@m induced
morphological changes in plant roots, resultingmhanced mineral and water uptake (Burdman
et al.,1997 and 2000). The ability of an endophyte toafimospheric nitrogen within a host has
been proved using different approaches: ARN, isotope dilution experiment$°N reduction
assay or°N natural abundance assays (Dalton and Kramer,)2006

Nitrogen fixation ability of the 30 isolates was asared by micro kjeldhal method. Among the
30 isolates tested, 28 isolates were able to frogeén. The range of nitrogen fixing ability was
from 3.3 to 15.6 mg ‘N'/g. Among them, the maximunitrogen fixing ability (15.6 mg'N’/g)
was recorded fromA. brasilensePA0O3 and minimum (3.3 mg ‘N’/g) was recorded An
halopraferensTMAO2. Among the 30 isolates, 10 isolates weredixhe highest amount of
nitrogen such as 15.06, 14.09, 14.03, 13.02, 13938, 12.02, 11.01, 11.01 and 11.0 mg ‘N’
/kg by PA03, PTA03, PAO4, TAO01, OA04, TAO05, PTAO0ZRA01, PAO5 and TAO02
respectively. The two isolates namely KAO3 and PA®uld not able to produce nitrogen
(Fig. 3). The potential nitrogen producers weresteld for pot culture experiment.
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Nitrogen fixing ability

Azospirillum spp. could convert atmospheric nitrogen into ammononunder microaerophilic
conditions at low nitrogen levels through the actwf the nitrogenase complex. Most of the
genetic and biochemical work on nitrogen fixatignAzospirillumhas been carried out with
brasilensg(Hartmann and Baldani, 200d)he optimum level of dissolved oxygen concentration
is in the range of 0.2 kPa , but species and sttegendent differences exist in oxygen tolerance
(Hartmanret al.,1985; Hartmann, 1988).
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The present study has been measured nitrogen difxatbility of Azospirillum spp. by
Microkjeldhal method in nitrogen-free semisolid med with malate. Altogether, 30 isolates
tested, only 28 isolates were able to fix nitrogdimong them, only 10 isolates (PA03, PTAO3,
PAO4, TAO1, OA04, TAO5, PTA04, TRAO1, PAOS and TAQZere able to produce the highest
amount of nitrogen (from 11.0 to 15.06 mg ‘N’/kgJhe two isolates nhamely KAO3 and PAQ7
could not able to fix nitrogen. Okaet al. (1977) and Nelson and Knowles (1978) reported for
A. brasilensebout 5,000 nmol of &1, mg proteif® h* in cell free extracts and in liquid malate
medium. Haahtelat al. (1983) has also studied the maximum specifiogénase activity of
Escherichia agglomeransas only 10% and dflebsiella penumoniaand A. lipoferum50% in
nitrogen-free semisolid medium with malate or sesero

The variability of the nitrogenase activity Azospirillumhas been observed previousiyvitro

by Han and New (1998), with ARA varying from 0 t65L.nmol of GH, mg protein-1h-1, in
pure cultures ofA. lipoferumand A. brasilenseobtained from soils of different regions. In
another study, the nitrogenase activityA#ospirillumisolates ranged from 17.6 to 49.6 nmol
C2H4mI*h™ being higher in cultures &. brasilensahan forA. lipoferumisolates (Mascarua —
Esparzeet al., 1998). In the present study, it was showed thgelalifferences in the nitrogen
fixing of Azospirillumisolates. (0 to 15.6 mg N’ fixed / g))

Acetylene reduction b$. lipoferumwith glucose, in combination with a small amountafbon
starter compound such as malate or yeast extrastrdported by Day and Dobereiner (1976).
Growth and activity probably stopped after the oarlstarter compound was depleted, and no
further increase in absorbance was observed dariwegeks of incubation (Okoet al., 1976).
Schroder (1932) has been reported good growth weoge for 3 of 12 isolates of S.
lipoferum.In the present study, among the 30 isolates, odlgdlates showed good growth and
acetylene reduction with malate as sole carboncsour

Moreover, consistent variation in;Nixation by Azospirillum strains isolated from 20 rice
cultivars was observed over two cropping seasorsy/dkl and Rao, 1980). Nayak and Rao
(1977) observed the variation in Kixation by Spirillum sp. obtained from roots of the same rice
cultivar exposed to various concentrations of carabiN. N fixation in cultures ofAzospirillum
isolated from rice cultivars varied uniformly irpective of the growth stage of the plant.
Albrechtet al.(1977) found that variation in temperature andtligged only a small influence on
N, fixation in Spirillum — Zea maysassociation. Day and Dobereiner (1976) and Odioal.
(1976) reported a maximum pH of 7.8 for optimunrogenase activity irS. lipoferum The
decline in nitrogenase activity could be causedeeiby exhaustion of nutritions in the medium
or by the pH rising above the optimum for nitrogemactivity also reported by Eskeat al.
(1977). Organic acids are the main energy soureggined for nitrogen fixation. It has been
previously demonstrated that some members of theusggézospirillum are capable of
autotrophic growth through hydrogen oxidation an@,Cassimilation with ribulose-1,5-
bisphosphate carboxylase (Tilakal.,1986). The marked effect of temperature may beexhus
by the high temperature (3389 required for optimal growth and;Nixation by A. brasilense
(Neyra and Dobereiner, 1977). Higher temperatuceeased acetylene reduction in Setaria —

A. brasilensassociation also reported by Kapuleikal. (1981a). The nitrogenase activity Af
brasilenseis sensitive to salt stress. The effect of NaGtsstron acetylene reducing activity is
more pronounced on nitrogenase biosynthesis thanityenase activity.
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In the present study, Nixing efficiency of Azospirillumisolates were positively correlated with
the grain yield which were showed by increasingplaat growth parameters such as number of
roots, length of root, number of leaf, length @&fi breadth of leaf, length of shoot, number of
tillers and grains weight. Piagt al, (2005) reported that ARA of free — living,N fixing
bacteria were found to be positively correlate wite ARA of therhizospheresoil from which

the bacteria were originally isolated suggestireg the N — fixing bacteria interacting with rice
roots during rice growth. This is important becaggeh N — fixing bacteria may respond rice
roots when inoculated back to the soils.
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