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ABSTRACT

The aim of this study was to understand of diversity and activity of dominant bacterial
populations in the rhizosphere of rice. Two sites at different altitudes were selected in this study.
A total of 335 isolates were recovered from irrigated and rainfed rice plants rhizosphere from
both altitude. In which Bacillus sp. (27%) was found to be dominant followed by Pseudomonas
sp. (26%), Azotobacter sp. (5%), Flavobacterium sp. (7%), Serratia sp. (4%) and Klebsiella sp.
(6%). Enterobacter sp., Micrococcus sp. and Staphylococcus sp., were also observed in the
isolates though in low frequency. Genera identified in rhizosphere isolates were also found in
the rhizoplane. The spread plate technique was used to isolate and purify all the isolates. The
characteristics of the bacterial strains were determined using the colony morphology, gram
staining as well as biochemical properties. All isolates were screened for plant growth
promoting activities such as siderophore production, indole-3-acetic acid production and
phosphate solubilizaton. The lowest Shannon-Wiener index was 1.663 from Jangal rainfed rice
and highest was 2.164 from Suddhowala irrigated rice field of Dehradun.
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INTRODUCTION

Rice Oryza sativa) is a cereal foodstuff which forms an importanttpaf the diet of many
people worldwide. Rice, which is being cultivated $everal years in the Indian sub continent, is
just not a grain, it is life line and second mostportant to maize Zga mays) [1]. Rice
rhizosphere contains a high diversity of plant gtopromoting bacteria. Microbial diversity in
soil is considered important for maintaining thetainability of agriculture production systems.
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However, the links betweemicrobial diversity and ecosystemocesses is not well understc
[2]. The rhizosphere is a region of intense michoaaivity where root exudates allow t
development bmany rhizosphere communities .

Assessing both structural and funciodiversity are fundamental in order to fully undarst the
dynamics of the rhizosphere microbial communitiasctional diversity refer to the number
functional groups in a community . Specially, the distinct processes of functionat tban
potantidly be performed by the microbial communities dikser the functional diversity
whereas, functional redundancy is the measure @fniiimber of different species within
functional goup [5].

Several microorganisms are able to promote thetpmowth. feveral microbial product
directly promote growth or indirectly protect from dise [6].

MATERIALS AND METHODS

Research Sites:

Two sitesat different altitude were selected. One of the site Witsarkashi 30°44’'N 7827E
and 30.73'N 78.45E at an elevation of 1550 meamsl) andsecond waDehradun (30° 19’
48’N, 78° 3’ 36'E)at 600mete amsl.Each sites had four localities in which two werimfed
and two were irrigated.

Isolation and enumeration ofrhizobacteria from rice plant root

Bacteria isolates were isolated from the rhizosplsail and rhizoplane of rice plants growr
fields of district Uttarkashand Dehradu during the 2008-2009.0 estimate the number of s
microflora, using the pour plate methods and trgiiesamples of 1 gm soil, and an appropr
dilutions.

Plant Growth Promoting Mechanisms

Siderophore detection

Siderophore was detected by the formation of orames surrounding bacterial colonies
CAS agar plates after 48 hour at 2{7].

Phosphate solubilization
Phosphate solubilization detected by formation raihgparent halos surroundings bacte
colonies on the Pikovskaya agar after 72 hour iation at 28°C [8].

Indole-3- acetic acid productior

Bacteria cultures were incubated in Luria Bni broth at 28°C. The bacterial cells w
removed from the culture medium by centrifugatian 8800% gm for 10 min. 1ml o
supernatant was mixed vigorously with 2ml of Salkski’'s reagent (4.5 gm of Fe; per liter in
10.8 M HSQy) andincubated at room temperature in the dark for 3@ amd take absorbance
530 nm [9].
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Soil Analysis

For the soil analysis, the composite samples wepednwell individually before use. T
sample dried at 2C to 25C [10]. Soil organic carbon wadetermined by Waely and Black’s
rapid titration method [11]Total nitrogen (%) was measured using Kjeldapfscedur [15].

Exchangeable phosphorus (P) and available potagK) was determined by Jacksor2].

Statistical Analysis: Analysis of varince (ANOVA) was used to contrast the res. A
correlation was established between organic caidowh colony forming units, altitude a
colony forming units. All statistical analyswas performed usingAST Software

RESULTS

Distinct bacteriamorphotypes were selected on the basis of theingotharacteristics (margi
elevation, surface). Isolated morphotypes weretified on the basis of colony morpholog
biochemical characteristicé. total of 93 morphotypes werecovered fror Uttarkashi irrigated
rice fields. Therhizobacteri were identified asBacillus sp. (26%)documentedthe most
dominant genera followelly Peseudomonas sp. (23%),Azotobacter sp.(10%), Flavobacterium
sp.(7%) weredominantly colonize the rice rhizosph¢ Fromrainfed rice 73 morphotypes were
isolated in whichBacillus sp. (32%) constitute thenost dominant genera followed
Peseudomonad (30%), and~lavobacterium sp. (6%) were present.

A total 97 morphotypes were isolated from Deharatigated rice fields in whictBacillus sp.
(26%), Pseudomonas sp. (25%, Azotobacter sp. (9%) andKlebsiella sp. (7% were dominantly
present inrhizosphere. In Rafed rice fields 72 morphotypes were overed in which
Pseudomonas sp. (28%) Bacillus (26%), Klebsiella sp. (7%) andEnterobacter sp. (7%)
dominantly present.
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Fig. 1: The population of rhizobacteria in rice crop soil fom Uttarkashi.

The significant differences in population countrbizobacteria were observed between zer
90 days in both altitude. A graduals increaseapytation count was observed in zero day tc
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days. The colony forming units we4.5x1d to 1.9x10 in Uttakashi (fig. 1) anc6.8x1d to

2.0x10in Dehradun rice (fig. 2 The results were statistically significant (p<0. The results
showed that in rice crop cfu count was maximum ug#sti.e. 60 days old crop. Bacterial ¢
count progressively increased in the first threatindhen decline:

B Mohanpur
W Suddhowala

M Manduwala

Bacterial cfux10*

M| Tilwari

Day Days Days Days

Fig. 2: The population of rhizobacteria in rice crop soil fom Uttarkashi.

Table 2: Assessment of the localities wise diversity as calated by Shannon Wiener divesity index (H’) in rhizosphere

Rice
Indices Uttarkashi . . Dehradun .
Renfed Irrigated Rainfed Irrigated
Qyrak | Jange | Bhatwari | Uddar | Manduwalg Tilwar{ Mohanpu | Suddhowala
Dominance | 0.1995| 0.238:| 0.1616 | 0.1489 0.2022 0.1626 0.155: 0.1571
Shannon index| 1.932 | 1.66: 2.059 2.119 1.862 2.032 2.139 2.164
Simpson index| 0.8005| 0.761° | 0.8384 | 0.8511 0.7978 0.8374 0.844¢ 0.8429
Equitability 0.8059| 0.799¢ | 0.8587 | 0.883§ 0.8085 0.8826 0.860¢ 0.8438

The diversity indices were calculated and compénedoacterial diversity between irrigated ¢
rainfed fields, and also different altitud.e. Dehradun and Uttarkashi (ta-2). The lowest
Shannorwiener index was 663 from Jangal rainfed ricand highest was 264 from
Suddhowala irrigated rideeld of Dehradur

Functional Diversity: Each isolates were screened for plant growth primgdraits such a
siderophore production, phosphate solubulizatiahiadole acetic acid productio

Phosphate solubilization: Qualitatively phosphate solubilization was detected pikovaskya
agar plate, evident by halo around the inoculaped. A total 51 isolates showed positive rest
Isolates which were positive in qualitative scregniverefurther investigated for quantitative.
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The phosphate solubilization from rice rhizosphiemates from Uttarkashi ranged from €-

91.48 pg/ml. The results were statistically sigmfit (p<1.0). Isolate (UjanRpl solubilized
phosphate maximum (91.ugiml). The phosphate solubilization worked out fronte
rhizosphere isolates from Dehradun ranged from-91.85 pg/ml P<1.0.

Concentration of Solubilized Phosphate pg/ml

Name of isolates

Fig.3: Quantity of Phosphate solubilization by bacterial $olates obtained from rice rhizosphere of Uttarakds localities
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Fig. 4 Quantity of Phosphate solubilization by bacterialisolates obtained from rice rhizosphere of Dehradu localities
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Indole-3-acetic acid: A total 9 isolates showed IAA production range fr0.82 to 6.56 pg/ml
isolated from Uttarkashi fieliand total 11 isolates produced IAA range f 1.05 to 9.68ug/mi
recovered from Dehradun localiti
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Fig. 5: Indole-3-acetic acid production

Siderophore production: A total 35 and 37 isolates showed positive resaftsiderophore
production isolated form Uttarkashi and Dehradge fields respectively

Physical properties of soiliz soil temperature and moisture, measured every mduathng
sampling. Moisture autent and temperature of Dehradun rice field sarged from 17.5 t
43.7% and 1%8-29C respectivel. Moisture content and temperature of Uttarkashi il soil
ranged from 14.7 to 37.8% and’C-32C respectively.

Table 2: Chemical properties of soll

S. Detail of H Total Nitrogen Available Exchangeable Organic Carbon
No. Samples P (%) Phosphorus (ppm) Potassium (ppm (%)
1 Bhattwari 5.7940.03| 0.106+0.00 25.23+0.12 374.33+0.5 1.156+0.002
2 Uddar 5.87+0.02| 0.226=.00: 8.26+0.006 137.67+0.0.5 2.145+0.0006
3 Qyrk 5.50+0.02] 0.296+0.00 47.47+0.11 715+1.( 2.44+0.58
4 Jangal 5.98+0.58| 0.119%0.0! 6.46+0.42 55+1.( 0.955+0.23
5 Mohanpur 6.07+0.02| 0.318+0.00 51.9040.1 578+0.5¢ 2.965+0.02
6 Sudhowala | 6.03+£0.03] 0.193%0.00. 20.00£0.58 97+1.( 2.46610.11
7 Manduwal 6.64+0.02| 0.110+0.00 20.48+0.05 76+1.1F 2.060+0.05
8 Tilwari 6.57+0.06| 0.208+0.00 48.93+0.04 156+1.1! 2.558+0.03

Soil at both altitudes was acidic in nature. Thegithe soil of Uttarkashi district ranged frc
5.50 to 5.98 and that of Dehradun district rangethf6.03 to 6.64. The organic carbon (0.95
2.44%) and nitrogen (0.106 to 0.296 ppm) were folugtierto be in Dehradun soil than that
Uttarakashi soil. A positive correlation was foubetween nitrogen content and total orge
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matter (r = 0.80). Soil contents were significantlyrelated (p<0.01). Chemical properties of
soil in different samples at both the locationsevapresented in the Table -2.

DISCUSSION

Microbial diversity studies are important in orderunderstand the microbial ecology in soil and
other ecosystems [13]. Micro-organisms are envimmnspecific; therefore, for understanding
the microbial diversity and their applications, @éstigation on occurrence of various groups of
microorganisms from different environment is essgfit4].

In this study it was observed that eight gram rigegajenera were present in rhizosphere. Atlas
and Bartha, [15] reported the rhizosphere is cakhiby a predominantly gram-negative
microbial community.

In our studyBacillus (27%) was dominant groupacillus species are also a major component of
the microbial flora, which live in close associativith various types of agricultural crops.
However, previous study shoscillus as the dominant genera in the rhizosphere adagnus
angusti folia L. [16].

In this study, predominance d&acilllus is due to its ability to efficiently use the nutrie
provided by the plant through exudates. In add#j&acillus has the ability to inhibit the growth
of other strains. Many strains 8&cillus have been reported to produce substances thatsact
growth inhibitors for other microorganisms [17].

The diversity of rhizobacteria was calculated bwi8ton diversity index. There was significant
difference between altitudes, irrigated and rainggdtem in associated rhizobacteria of rice
rhizosphere. The Shannon diversity index was giat@rigated rice field of Dehradun (2.164)
and lowest was rainfed rice field of Uttarkashi6@3). The value of Shannon-diversity index
was clearly showed that low altitude and irrigated had more diversity.

There was significant difference in bacterial p@pioin in high altitude and low altitude. A
highly negative correlation (r = -0.81) observetideen low and high altitude bacterial counts. It
is according to Pandewt al., [18], microbial population of these three groupscteria,
actinomycetes and fungi decreased with increadtiigde.

The rhizosphere effect increased progressively withease in plant age until the maturity and
then declined. The number of rhizobacteria bacteridhe rhizosphere soil and rhizoplane
followed the same pattern of progressive increema first month to maturity and then declined.
It is of common occurrence for numbers of microoigms in the rhizosphere and rhizoplane to
increase with plant age [19, 20] which will be duethe progressive interaction between the
roots and the microorganisms accompanied by comtimavailability of nutrients for the growth
of the microorganisms. Our study supported aboatestents, bacterial cfu count progressively
increased in the first three month then declinede Eolony forming units were 4.5X16
1.9x10 in Uttarkashi (fig. 1) and 6.8x4@ 2.0x10in Dehradun rice (fig. 2).
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The variability in the performance of PGPR may e do various environmental factors that
may affect their growth and exert their effects glant. To achieve the maximum growth
promoting interaction between PGPR and nurserylisgsdit is important to discover how the
rhizobacteria exerting their effects on plant andether the effects are altered by various
environmental factors, including the presence dfepotmicroorganisms [21]. The phosphate
solubilization from rice rhizosphere isolates frdsttarkashi ranged from 6.75-91.48 pg/ml.
Isolate RUjanRp1 solubilized phosphate maximum (91.48ug/iithe phosphate solubilization
worked out from rice rhizosphere isolates from 2elun ranged from 3.20-91.85 pg/ml. A total
5.97% isolates produced IAA and 21.49% isolateslypced siderophores. Siderophores provide
a competitive advantage to producer organism owuapdl pathogens for the absorption of
available iron. The role of siderophores in thetodrof diseases has been well documented by
Bakeret al., [22]. The quantity and activity of microorganisrase determining factor of the
productivity of any kind of soil [23].

CONCLUSION

GeneraBacillus is dominant in rhizospheric soil of rice. The adtoomposition of the microbial
community in the root zone is dependent on roog typiant species, plant age soil type. Bacterial
population decreased with increasing altitude. Timelings of the present investigation
highlighted that plant growth promoting rhizobacidrom local soil could be easily isolated and
may be exploited after strain improvement for lacse.
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