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ABSTRACT

Totally 10 different paddy field soils were collegttfrom in and around Thiruvarur district, Tamilnaénd their
physico-chemical properties and population densityAzospirillum were analyzed. Among them, 5 sasngiere
sandy clay loamy soil, while 3 samples were loaniyad 2 samples were sandy loam. The pH (7.2-&@lk
density (1.11§M-1.60g/cm), water holding capacity (33.41% - 18.31%), elagtt conductivity (0.89 - 0.24),
organic carbon (0.97% - 0.57%), total nitrogen @% - 0.75% ), phosphorus content (0.185% - 0.125%),
potassium (1.85% - 1.18%) also available microrartts like Zn (2.03% - 1.16%), Cu (3.68% - 1.27%)(%.16% -
7.40%), Mn (5.21% - 3.10%), B (0.590% - 0.390%pikable nitrogen (191.0kg/acre - 110.5kg/acre)pgbhorous
(9.6kg/acre - 4.5kg/acre), potassium (295.0kg/act90.5kg/acre) were in all sampling station. Thepplation
density of Azospirillum was maximum observed irdgdoam soil at Kudavasal. The minimum populatiensity
was observed in loamy soil at Thiruthuraipoondi.
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INTRODUCTION

Soil microorganisms, likézospirillumspp.,AzotobactelSp. andEnterobacterSp. have shown to encourage plant
growth, by promoting the outbreak of secondary soAtzospirilumhave been isolated from the rhizosphere and
roots of a variety of plants including cereals gndsses. Inoculation with indigenoAgospirillumis an important
procedure when studying their inherent capacitpdaoefit crops. In some cases, indigenous stransperform
better than introduced strains in promoting thenghoof crops due to their superior adaptabilitytte environment.
Azospirillumspecies are commonly found in soils and in assoaiatith roots of plants namely rice, maize, wheat
and vegetables. Rhizosphere colonizationAagspirillumspecies has been shown to stimulate the growth of a
variety of plant species. The success ofAhespirillumplant interaction depends on the survival and pasce of
these bacteria in soil and the effective colonaatf the rhizosphere. Chemotaxis is one of tiverss properties
which may contribute to survival, rhizosphere cdatation and the initiation of mutualistic interamis by
Azospirillimspecies (Lopez-de-victoria, 1989).

Apart from being a general plant colonizer (Bashtal.,2004),Azospirillumis remarkably versatilédzospirillum
is not only able to fix atmospheric N (Dobereinadday 1976), but also to mineralize nutrients fribva soil, to
sequester, Fe, to survive to marsh environmentadliions, and can help plants minimize the negaéffects of
abiotic stresses. Improvement in agricultural ainstbility requires optimal use and managemenbibfertility and
soil physical properties, both of which rely onldablogical process and soil biodiversity. An ungtanding of
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microbial diversity perspectives in agricultl context is important and useful to arrive of meas that can a
indicators of soil quality and plant productivity.

MATERIALS AND METHODS

Description of the study area

The present study focused on the area in Thiruvdisirict (Fic-1). The stidy area is situated in Tamilnadu st
(lat.10 20' - 11 07' N- S and Long. 79 °15' - 79 °45' E-W ) with the significant features of evergreen fos
and also it was a less explored ecosystem fomtfestigation oAzospirillumpopulation

Fig-1 Map showing the study stations
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For the enumeration @&zospirillum soil samples were collected by aseptic mannermafpth of -10 cm according
to the V —shaped method, at ten different locations in aralirzdt the Tiruvarur district. Froreach site, five
samples were collected and pooled together anddamesl as one sample. The soil samples were btdaghe
laboratory and kept in the refrigerator for furtipeocess

Analysis of physico -chemical parameters of the sa

After removing the debris, the soil samples were suspkimdistilled water (1:2 w/v) and allowed to settlown
the sand particles. The pH of the suspension wasrrdmed using pH meter (Systronics, India). Eieati
conductivity of the soil was determinin the filtrate of the water extract using Condvityi Bridge as described
Jackson (1973), Cation exchange capacity (CEChefsoil was determined by using 1 N ammonium ae
solution as described by Jackson (1€

Nutrient analysis

Organic carbn (OC) content was determined by adopting chromid wet digestion method as standard proce
of Walkley and Black (1934), available nitrogen westimated by alkaline permanganate method (Subduia
Asija, 1956) and available Phosphorus by Brayl 1od (Bray and Kutz, 1945). Available potassium weisaeted
from soil with neutral 1IN ammonium acetate (1:5) éime potassium content in the extract was detexdhby using
flame photometer (Standfold and English, 1949).ciDat (Neutral 1N NI, OAC extratable 1:5) was extracted
with neutral 1IN ammonium acetate and the availableium in the extract was determined by versenathod
(Jackson, 1973). Available micronutrients such as@u, Mn were determined in the diethyl triamirenfaacetic
acid extract of soil using PerkiBimer Model 2280 Atomic Absorption Spectrophotomdténdsay and Norvell
1978). Other nutrients such as magnesium, sodiuth amilable iron were also analyzed (Muthuvel
Udayasoorian, 1999).
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Isolation of Azospirillum

The soil samples were collected from 10 agronomidékions of Thiruvarur district, Tamilnadu, Soutidia for
isolation of Azospirillum.From the collected soil samples, 1 g was takensaniglly diluted using sterile distilled
water up to 18 dilutions. One ml of diluted sample from™36o 10° dilutions was taken and 0.1ml of aliquot was
inoculated in test tube containing Nfb (Nitrogeeefromothymol) semisolid media. All the tubes wieceibated at
32°C for 48 h and observed the growth by the formatibpellicles. The pellicles were streaked on Nfbicsmedia
and incubated at 32 for 24 h.

Morphologically divergentAzospirillum colonies (white, yellow and pink) were picked frahe plates and
streaked on basal minimal salt agar medium ancbated at 32°C for 24 h. after attained sufficiemtwgh, all the

isolates were preserved and used for further ifgeg&dn. The stock cultures were sub cultured @sifrnutrient agar
slants once in a month and maintained at refriger@ndition. The isolates were also streaked seéglgron Basal
Minimal Salt and Potato agar media separately aodhated at 32° C for 48 h.

Enumeration of Azospirillum isolates
For enumeration ofzospirillumcells, Nfb solid medium was used. After 48 h afubation the colonies in the NFB
plates were counted by using Quebec colony counter.

Population density is expressed in terms of cofonying unit (CFU) per gram of soil with dilutiomdtor

Number ofanies

Number of cells / ml =
Amount plate dilution

Statistical analysis

Pearson’s correlation co efficient analysis was enadassess the relationship between physico-claépacameters
and total population density okzospirillumisolates. The data were computed and analyzed USiatistical
Package for Social Sciences (SPSS) software.

RESULTS AND DISCUSSION

Plants play an important role in selecting and aninig the types of bacteria by the constituentgheir root
exudates. Thus, depending on the nature and comtiens of organic constituents of exudates, ang th
corresponding ability of the bacteria to utilizeesle as source of energy, the bacterial communitgldps in the
rhizosphere. Bacteria living in the soil are ddlfeee living as they do not depend on root exwsldite their
survival. Rhizosphere bacterial communities have effitcient system for uptake and catabolism of aiga
compounds present in root exudates (Barraquai.,2000)

The rhizosphere is the narrow zone of soil, surdino the root that is under the immediate influen€¢he root
system. This zone is rich in nutrients when comgravigh bulk soil, due to the accumulation of a eg#yiof organic
compounds released from roots by exudation, secrethd deposition (Curl and Truelove, 1986). Beeattsese
organic compounds can be used as carbon and eseuyges of microorganisms for their growth and vétgti
particularly, intense in rhizosphere. In the préssndy, totally 10Azospirillumisolates were screened from 10
different paddy field soil samples Cl@ilution) collected from in and around Thiruvarustdct. Kanimozhi and
Panneerselvam (2011) reported that totallyA20spirillumisolates were screened from 30 different paddy feelil
samples collected from in and around ThanjavuridisCristyakova and Kalininskaya (1984) reportiedt bacteria
of the genusAzospirillumwere widespread in the soils of various regions aswhlly occur in the rhizosphere of
vascular plants. Their presence in the rhizospleiehas been observed in the paddy field, whiggr tcell
numbers did not exceed 2xX1¢ells/g of soil.

Physico-chemical properties of soil

The results of physico-chemical properties of sainples from 10 different locations of Thiruvarustdct were
summarized in table 1. Out of 10 soil samples 5ptasnwere sandy clay loamy soil, while 3 samplessvieamy
soils and 2 samples were sandy loam. The maximurg8dhl of the soil was recorded at Muthuppetai anigimum

pH (7.2) was recorded at Kudavasal. The bulk dgneft the soil was maximum 1.60g/@ntecorded at
Needamangalam and minimum was 1.11¢ oecorded at Kottur. The maximum (33.41%) watedimg) capacity
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(WHC) of the soil was recorded at Thiruthuraipoomdid minimum 18.31% was recorded at Kudavasal. The
electrical conductivity of soil was maximum (0.88rorded in Kudavasal and minimum was (0.24) in iMagudi.

Table 1. Physico — chemical properties of soil sartgs from Thiruvarur Dt.

. Bulk densit Water holdin Electrical conductivit Organic
S.No. | Sampling places| Texture| pH (glcr?) Y capacity (%)g (dsn) Y Cargon %
1 Nannilam SCL 7.6 1.360 21.250 0.54 0.76
2 Valangaiman SCL 7.5 1.520 25.160 0.62 0.81
3 Kudavasal SL 7.2 1.120 18.310 0.89 0.57
4 Needamangalam L 7.8 1.600 29.150 0.72 0.62
5 Thiruvarui SCL 7.8 1.35( 31.75( 0.27 0.92
6 Koradacherr L 74 1.17¢ 24.56( 0.3¢€ 0.7¢
7 Mannargudi SCL 7.7 1.450 32.150 0.24 0.85
8 Kottur SL 7.5 1.110 24.760 0.69 0.97
9 Thiruthuraipoondi L 7.6 1.540 33.410 0.42 0.75
10 Muthupettai SCL 8.1 1.460 30.640 0.77 0.95
L=Loamy; SL=Sandy loam; SCL=Sandy Clay Loam
Nutrients

The organic carbon content of the soil maximum &% recorded at Kottur and minimum was 0.57% at
Kudavasal (Table 1). The total nitrogen maximumla&®% was recorded at Kudavasal soil and minimura wa
0.75% at Koradacheri. The maximum (0.185%) phogghoontent of the soil was observed at Kottur aimdmum
0.125% was recorded at Muthupettai soil. The marim(L.85%) potassium of the soil was observed in
Needamangalam and minimum 1.18% in Valangiman 3bié available micronutrients like Zn of the soiene
recorded maximum as 2.03% at Muthupettai and mininas 1.16% at Valangaiman. The Cu content oktlile
was maximum as 3.68% at Mannargudi and minimum9%.®/as in Kudavasal soil. The Fe content of the was
maximum (9.16%) at Thiruthuraipoondi and minimum40%) at Kudavasal soil. The Mn content of thd soi
maximum as 5.21% was recorded in Thiruthuraipo@md minimum as 3.10% at Nannilam soil. The maximum
content of the B (0.590%) was recorded in Thiruvamnd minimum 0.390% in Nannilam soil (Table 2).

Table 2. Micronutrients of soil sample from Thiruvarur Dt.

SNo Sampling places Total Nutrients (%) Available Micro Nutrients (%)
S N P K Zn Cu Fe Mn B
1 Nannilam 125 0142 13F 136 160 840 310 ®.B9
2 Valangaiman 096 0.136 118 1.16 290 810 4.18460
3 Kudavasal 172 0161 156 148 1p7 740 3.50 804
4 Needamangala 1.3€ | 0.172 | 1.88 | 1.7¢ | 3.1C | 8.6C | 4.2C | 0.54(
5 Thiruvarur 0.84] 0.134 144 124 194 7.0 3}80590.
6 Koradacherry 0.79 0.16p 1.28 156 2,80 9|10 4.36580
7 Mannargudi 091 0.157 164 1.29 3.68 7{47 34947®
8 Kottur 1.21| 0.185 149 168 292 827 468 0.520
9 Thiruthuraipoondi| 0.8 0.144 1.72 1.96 3.7 9]16.21| 0.527
10 Muthupetta 0.9¢ | 0.12f | 1.32 | 2.02 | 1.9C | 8.8t | 4.47 | 0.47]

N=Nitrogen; P=Phosphorous; Zn=Zinc; Cu=Copper; Fash; Mn=Manganese; B=Boron

Table 3. Macronutrients of soil sample from Thiruvrur Dt.

S.No.| Sampling places Availl\lable NutriePnts Kg/algre)
1 Nannilam 132.0 7.0 220
2 Valangaiman 125.6 6.1 190
3 Kudavasal 129.3 4.5 240
4 Needamangala 142.¢ 4.7 26E
5 Thiruvarur 191.0 6.3 225
6 Koradacherry 110.5 5.7 270
7 Mannargudi 138.4 4.9 212
8 Kottur 145.8 9.6 291
9 Thiruthuraipoondi 118.6 6.9 272
10 Muthupettai 122.3 5.4 295

N=Nitrogen; P=Phosphorus; K=Potassium
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The maximum (191.0kg/acre) available nitrogen whseoved at Thiruvarur and minimum (110.5kg/acre} wa
recorded at Koradacheri. The phosphorous of soi# weaximum (9.6kg/acre) in Kottur soil and minimum
(4.5kg/acre) was recorded at Valangaiman soil. Magimum potassium (295.0kg/acre) content of thkveas
observed at Muthupettai and minimum (190.5kg/ame@ recorded at Valangaiman soil (Table 3).

Azospirillumspp. are members of the— subclass of proteobacteriazospirilla have worldwide distribution and
occur in large numbers (up to 4@) in rhizosphere soils and associated with tlsiostems and leaves of a large
variety of plants. Members of the gendmospirillumfix nitrogen under microaerophillic conditions aftdquently
associated with root and rhizosphere, these arekas associated diazotrophs. Sen (1929) madefdhe earliest
suggestions that the nitrogen content of ceregbicould be met by the activity of associatedogin fixing
bacteria namelyzospirillum. This organism came into focus with the work of Bainer from Brazil (Doberenier
et al., 1976), followed by reports from India (Lakshmi-Kurhat al., 1976; Kavimandaret al., 1978; Tilak and
Murthy, 1981). After establishing in the rhizosphekzospirillg usually but not always, promote the growth of
plants (Okon, 1985; Tilak and Subba Rao, 1987; Bastnd Holguin, 1997b). Despite theiy fixing capability, the
increase in yield is mainly attributed to improvexzbt development due to the production of growtbnpoting
substances and consequently increased rates af aratemineral uptake (Dewan and Subba Rao, 1976n@kd
Kapulnik, 1986; Falliket al., 1994). Azospirilla proliferated in the rhizospherenumerous plant speices and the
genusAzospirilumnow contains seven speci@srasillense(Tarrandet al., 1978), A.lipoferum(Tarrandet al.,
1978) A.amazonenséMagalhaest al., 1983), A.halopraferengReinholdet al.,1987),A.irakense(Khammas and
Kaiser, 1991)A.doberelinera@andA.largimobile(Eckertet al.,2001).

Table 4. Population density ofAzospirillum isolates from Thiruvarur Dt.

S.No | Sampling place | No. of population x1(° dilution CFU/g of soil
1 Nannilam 79
2 Valangaiman 84
3 Kudavasal 190
4 Needamangalam 98
5 Thiruvarur 112
6 Koradacherr 85
7 Mannargudi 79
8 Kottur 128
9 Thiruthuraipoondi 76
10 Muthupettai 92

Diversity of Azospirillum

For the isolation oAzospirillumSpp., Nfb semisolid medium was used. After 24 hliation, the Nfb semi-solid
medium showed white coloured pellicle. Appearanteallicle formation on Nfb semi solid medium indted
successful isolation oAzospirillum. The pellicles were transferred in to Nfb platesteAf48 h white, merged
colonies were observed on the medium. Typical wbitepink, often wrinkled colonies were picked outda
transferred into Nfb semi-solid medium. Kanimozhdaanneerselvam (2011) reported highest populdgnsity
of Azospirillumwas observed in sandy loam soil. In the presemtystotal number of 10 morphologically distinct
Azospirillumisolates were isolated and tabulated. For enuineraf population density, the number of colonies o
the plates was counted in the range of 76-190 @doifhe highest population density was observesaidy loam
soil at Kudavasal. The lowest population densitg whserved in loamy soil at Thiruthuraipoondi (Ead] Fig.2).

Correlation coefficient analysis

The correlation coefficient analysis revealed thatsignificant positive correlation between tatifogen and total
potassium (r = 0.338; P<0.04) and total potassiurd eopper (r = 0.356) whereas the significant riegat
correlation was obtained between total nitrogenarailable nitrogen (r = 0.02; P<0.01) and zinc emahganese (r
= 0.688; P<0.01)(Table 5)
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Fig.-2 Population density X 105 oAzospirillum isolated from 10 different soils of Thiruvarur District

200
180

RS
)]
o O

[any
N
o

[any
o
o

Population density x105
o3 8383

[—

|
.|
|

AN & N\ S N\ N
&8 i & & & O & & <2
& OGS G O F &
%’b QQO @ ’bo ~<‘\\K b,b (\Q {Cv\Q O
C N\ 2 >
> N < R S
R S © < & S
i &

Table 5. Correlation coefficientvalues for various chemical parameters and total pmulation density recorded from Thiruvarur District
(n = 10).

TN TP TK Azn | ACu | AFe | AMn | AN AP | AK | PD
TN 1
TP 402 1
TK | .338* | .43¢ 1
Azn | .011 | .08¢ | .366 1
ACu | -470 | .34€ | .356 | .087 1
AFe | -445 | -087 | -.061| .679* | .204 1
AMn | -388 | .10Z | .128 | .688* | .468 | .684* 1
AN | -.002* | -.05% | .162 | -.388 | -.156| -.461 | -277 | 1
AP -.147 | .241 | -.186| .076 .108 | .226 | .368 | .154 1
AK | -001 | .321 | .231 | .896** | .029 | .617 | .656* | -.234| 270 | 1
PD | .7563* | .34/ | .128 | -.053 | -.550| -.544 | -.213 | .205 | -.090| .10¢| 1
TN —Total Nitrogen AZn — Available Zinc AN Available Nitroge
TP —Total Phosphort ACu — Available Copper APAwvailable Phosphort
TK —Total Potassiun AFe — Available Iron AK Available Potassiu
AMn — Available manganese PD — Population Density
*0.04% significant leve ** 0.01% significant level

The availability of selective media for isolatingaziotrophs belonging to the gerAzospirillumand the case of its
detecton by characteristic features of -surface white pellicle formation in semblid agar medium has helped
isolate from the rhizosphere and root surface (Patieret al., 1976; Hegaziet al., 1979; Baldaniet al., 1986;
Ladhaet al.,1987; Sundararat al., 1988). Several isolates were obtained on semi sifidger- free media from
roots of Kallar grass (Bilal and Malik, 1987; Zaet al.,1987; Maliket al.,1991). These isolates formed a fine-
surface white pellicle in nitrogen free malate nmm with in 24 h, which gradually moved to the sugdkrieg anc
Dobereiner, 1984).

More meaningful results were obtained wlA.brasilenseand A.lipoferumwere inoculated into the soil in vitro
condition to measure their population dynamics.alrcamparision between the levels A.brasilensein the
rhizosphere and bulk soil of a hea—textured tropical soil from Martique (French Westlig), A.brasilenseéhad a
preference mainly for the macemgregates of the soil where it sustained a higlujation level of over 1° cells

g* of soil fraction and to a lesser extent for theefatay particles. Yet, these numbers representydot8% of the
total bacterial counts of these fractions (Kt al.,1995).
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Soil microorganisms play an important role in biogeemical process which determine plant produgtivit
successful functioning of introduced microbial bi@tulants and their influence on soil health. Extiae efforts
have been made to explore soil microbial diversftindigenous community, their distribution and aeior in soil
habitats (Hill, 2000).
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