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ABSTRACT

A study was carried out to examine the structamadl functional diversity of rhizobacteria assochtsith pearl
millet cultivated in semi arid agroclimatic zondsttict Faridabad, Haryana, India. Twenty two rhggheric soll
samples of pearl millet plants were randomly cdbeg from seven different villages of district Fkbad and
rhizobacteria were isolated from them using spretate technique, on three different nutrient mediatotal of
sixty two isolates were obtained out of which 2@efcent isolates have been identified as belongingenus
Streptomyces, 22.5 percent to genus Pseudomonapertént to genus Flavobacterium, 13 percent tougen
Streptococcus, 14.5 percent to genus Bacillus aldp@rcent to genus Staphylococcus on the basiheif
morphological and biochemical characteristics. s diversity indices were calculated for the bgaate
population, obtained. The Simpson index (D) wag,0Shannon-Wiener index was 1.71 and equitabildg @.95.
More than sixty nine percent of the isolates wenenfl to produce indole acetic acid (IAA), 41.9 paitcwere
phosphate solubilizers, 71 percent produced hydragg@nide and 82.3 percent produced ammonia undeitiio
conditions. Average production of IAA was obserasd..73ug/ml and the average phosphate solubitinatidex
obtained was 2.24. Maximum plant growth promotioteptial was exhibited by genus Pseudomonas wsulates
belonging to genus Streptomyces and genus Stapitglas showed minimal potential for the same.
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INTRODUCTION

There is an ever-increasing demand of food worléwiccording to a report of FAO, seventy percenterfood is
required for an additional 2.3 billion people bysR0Innovative agricultural tools and methodologies required to
combat these demands. In the last few decadesaticaimprovements in the production of crop plamése been
obtained. But at the same time, the dependencygoéwture on various kinds of chemical tools irdihg the
chemical pesticides and fertilizers has also irsgdananifolds. Unwarranted use of such chemicés tmoenhance
the crop yield has resulted in stern problems ¢ikeumulation of chemicals in plant products and ttiheir entry
into the food chain, depletion of soil quality afedtility, contamination of water resources, redoctin population
of naturally occurring beneficial organisms [1]. fafe, consumers have shown their concern for fpoality and
safety as well as for the effects of current fagninethods on the environment. The key challengss, tis to attain
the twin goals of agricultural growth along with im&nance and enhancement of environmental quality.

Use of microbial agents to improve agricultural garctions and plant health offers an attractiveapto practice
and develop sustainable agriculture. The agricailyiimportant microorganisms have thus been thaugoof
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research and gained much attention for developirgjasable agriculture, during the last decadesrldide,
various studies have reported the efficient userhizosphere microorganisms to improve plant growth.
Rhizosphere, the narrow zone of soil that surrowamdsgets influenced by the roots of the plantgctsin nutrients
when compared with the bulk soil, due to the acdatian of a variety of organic compounds releaseuinfthe
roots by exudation, secretion and deposition [Z.aAresult it has an enormously rich variety of nodecganisms
including bacteria, fungus, algae and protozoa. él@w bacteria are the most numerous amongst thgrhy3
influencing the plant in most significant mannehizbacteria have long been known for their roléhim promotion
of plant growth and health. Beneficial rhizobadettat stimulates plant growth are usually refeteds Plant—
Growth-Promoting Rhizobacteria (PGPR) [4]. Theylude variety of bacterial genera such Rseudomonas,
Bacillus Acetobacter Arthrobacter, Rhizobia, Agrobacterium, Alcaligenefzotobacter, Mycobacterium,
Flavobacter, CellulomonaandMicrococcusetc.

Pearl millet Pennisetum glaucurflL.) R. Br.) is one of the most extensively cultie@ cereal crops in the world,
after rice, wheat and sorghum, particularly in addemi-arid regions. Around 93% of total millebg@uction in the
world is contributed by developing countries of &sind Africa while Asia alone produces forty thpegcent of
total world millet production. India is the worldlargest producer of pearl millet, both in termsaoéa (9.3 m ha)
and production (9.5 m ton) with an average proditgtiof 1044 kg/ha. It is the only cereal crop tigtapable of
producing a reliable yield under the marginal emwinents and simultaneously responds to high marnagem
conditions [5].

The present study was, therefore aimed at isolatinod characterization of rhizobacteria form peailletn
rhizosphere and theim- vitro evaluation for plant growth promotion potential.

MATERIALS AND METHODS

Site description and Sampling:

The study site is located at south-east of Hargat® in northern India and lies at 28183N latitude, 77°188"E
longitude and at an elevation of 198 meters. Is fahder the semi — arid and hot climatic zone thedsoil used for
this study was sandy loam.

Twenty-two samples of rhizosphere soil were rangocdllected during the period of September—Octdt@t0,
from pearl-millet fields that had been cultivatedthwpearl-millet for at least two consecutive yeairs seven
different villages of Faridabad district. The sédetplants were healthy and their age was lesstthigg days. The
samples were collected in plastic bags and stardtCatill further processing.

Isolation of Rhizobacteria:

Rhizobacteria were isolated from the collected sailnples according to previously described metl3dNon-
rhizospheric, loosely bound soil was detached Ilgpngus shaking of the roots. After that the rootsevwashed
thoroughly, first with running tap water, then wiskerile distilled water and finally soaked in Pploate buffer
saline. The flask containing this root material veéasken at 250 rpm for thirty minutes. The resgltsuspension
was appropriately diluted and used for isolatiorramft surface bacteria (rhizospheric soil). In ortteobtain the
rhizoplane soil sample, roots were surface-stexliby soaking in 95% (v/v) ethanol for one minutel dhen
washing with sterile tap water, for a minimum e times. The washed roots were suspended in 0.pbdgphate
buffer saline and then grinded with the help of arter and pestle. The slurry so obtained was &tethrough
sterile cotton wool. The resulting suspension wagr@priately diluted and used for isolation of dhacteria on
selective and nonselective media. Inoculation wasied out by spread plate technique and the platee
incubated at T for 24 to 48 hours or more (one or more weeksase of glycerol-arginine agar plates) and then
observed for colony formation.

Purification and Maintenance of isolates:

The isolated colonies of rhizobacterial strains, ddstained, were randomly selected on the basis otdng
morphology while colonies obtained on King’s B agkates were observed under UV light on a transilhator for
fluorescence and fluorescent colonies were pickpdand further purified by streaking. Pure isolatesre
maintained as glycerol stocks at %8Cfor further use.
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Identification of isolates:

All the rhizobacterial isolates were characteripadthe basis of various morphological and biochetrfieatures as
per Bergey,s manual of systematic bacteriology @iog to the standard procedures [6]. Rhizobadtésiates
were examined for their colony and cell morpholawiuding size, shape, margins, elevation, edgdute, degree
of opacity, color and consistency of colony alorithvgrowth, pigmentation, cell shape, arrangemgram reaction
and motility. Biochemical characteristics examineere fermentation of various sugars, Starch hydis|yGelatin
hydrolysis, Lipid hydrolysis, Hydrogen sulfide {&) production, MRVP, Oxidase test, Indole productiGatalse
test, Urease and Nitrate reduction.

In-vitro Plant growth promoting activities: All the rhizobacterial isolates were evaluatedvfarious plant growth
promoting activities as discussed below.

Indole acetic acid production: The capacity of the isolates to produce indoldiaaxid (IAA) was determined
following the method of Koo and Kyung [7]. Test @ghcontaining 5ml of modified DF minimum salt mediu
supplemented with 0.5mg/ml aftryptophan were prepared and sterilized. Twenty foours old bacterial isolates
were inoculated into them and incubated alC3@or five days under shaking conditions. Afterefidays of
incubation, Salkowski’'s reagent (concentrate®®}:150 ml; distilled HO: 250ml; 0.5M FeGl6H,0O; 7.5ml) was
added to the culture broth in a ratio of 1:2. Theuiting mixtures was incubated at room temperakonre€0-25
minutes and observed for the development of pinroEstimation of pink color was carried out 808m and the
absorbance was converted into the concentratiendafie acetic acid using a standard curve prepaitd3- indole
acetic acid.

Phosphate solubilization: Rhizobacterial isolates were tested fbeir phosphate solubilization capacity on the
basis of formation of halo zones on Pikovskaya ggates [8]. Overnight activated cultures were ifated on
Pikovskaya agar plates and incubated 8€3p to five days and thereafter observed for tesgnce of a clear zone
of phosphate solubilization around the colony. Deten of the halozone was measured and solubilizatidex was
calculated as the ratio of the total diameter (eple halozone) to the colony diameter [9].

Sl = total diameter (colony + halozone) / colongrdeter

Hydrogen Cyanide (HCN) production: HCN production by rhizobacterial isolates was t@sgecording to
previously described method [10]. Plates with WhainiNo.1 filter paper pads inside their lids werened with

glycine supplemented (4.4 g/l) Trypticase soy d§&A) medium and streak inoculated with twenty fbours old
bacterial isolates. The filter paper padding waaked with sterile picric acid solution and the lichs closed.
Inoculated plates were sealed properly, with tHp béparafilm in order to avoid the escape of gasemetabolite
(HCN). Sealed plates were given an incubationwaf iays at 30°C and then observed for colour chemthe filter

paper padding. Degree of HCN production was evatlaccording to the colour change, ranging frontoyeko

dark brown.

Production of ammonia: Rhizobacterial isolates were screened for the miialu of ammonia in peptone water.
Freshly grown cultures were inoculated in 10ml peptwater in each tube and incubated for 48- 72B74C.
Nessler's reagent (0.5 ml) was added in each tDieeelopment of brown to yellow colour was a positifor
ammonia production [6].

Statistical Analysis: The data obtained for this study was subjectednalysis of variance (ANOVA) and the
means were compared using Tukey multiple rangeni#ist® < 0.05 being accepted as significant.

RESULTS

Isolation and ldentification of Rhizobacteria: A total of sixty two isolates of rhizobacteria weobtained from
healthy rhizosphere and rhizoplane of pearl miitem different locations of district Faridabad, Mana, India.
Figure 1 shows the detailed structural diversitytred isolated rhizobacteria. All isolates on Kingsagar were
identified as genuBseudomonasn the basis of morphological and biochemical cttarstics. They were found to
be gram negative; rod shaped; motile and showenteiicence when observed under UV light (366 nm)orgst
the thirty one isolates on nutrient agar mediungrity two were coccus or coccobacilli and nine iedavere rods.
All the rods were gram positive, spore forming anatile while coccobacilli were non-spore formingdamost of
them were non motile. On the basis of these moggichl as well as biochemical characteristics rodse

601
Pelagia Research Library



Pratibha Prashar et al Asian J. Plant Sci. Res,, 2012, 2 (5):599-606

identified as genuBacillus The combined observations of morphological amdhémical properties of the coccus
and coccobacilli shaped isolates indicated thay thelonged to genuglavobacterium Staphylococcusand
StreptococcusThe isolates on glycerol-arginine agar mediumwsdtbsimilarity toStreptomycesAll the seventeen
isolates were gram positive and spore forming.

Figure 1: Percentage composition of rhizobacteriadiversity isolated from Pearl Millet.

6.50%

"

Assessment on the basis of diversity indice¥arious diversity indices were calculated to asgee community
diversity and richness in the tested soil sam@@spson index (D) was found to be 0.8059, Shannam#/ index
(H) was 1.706 and the Equitability (J) was 0.9523.

® Streptomyces

B Pseudomonas
® Flavobacterium
® Bacillus

® Streptococcus
® Staphylococcus

Plant growth promoting activities: Amongst the sixty two rhizobacterial isolates e millet, 82.3 percent of
them produced ammonia; 71 percent tested posibiveyfdrogen cyanide production; 69.4 percent fdole acetic
acid production and nearly 42 percent were phospbalubilizers undein-vitro conditions (Figure 2). Maximum
plant growth promoting potential was exhibited BnhgsPseudomonasas 91.07 percent of the isolates were found
to be positive for various tested plant growth poting activities while isolates belonging to ger&tseptomyces
and genusStaphylococcushowed minimal potential with respectively 36.76geet and 43.75 percent of the
isolates being tested positive for various plaeindh promoting activities. Average IAA concentratigiven by the
rhizobacterial isolates was 1.73 pg/ml and varigdiicantly among the isolates (P<0.05) (TableHighest IAA
concentration was given by nutrient agar isolatesluting Bacillus Flavobacterium; Staphylococcusand
Streptococcusvith an average of 1.86 pg/ml, followed by Kin@sagar isolate${seudomongswith average I1AA
production of 1.78 pg/ml while isolates of arginigigcerol agar $treptomycésgave lowest average IAA
production of 0.91 pug/ml (Figure 3). Similarly Biphate solubilization index for the isolates varttetween 2.08

to 2.8 (P<0.05) with an average of 2.24 (TableMgximum phosphate solubilization activity was showyngenus
Pseudomonasvith an average index of 2.34 and minimum phosplsatebilization index of 2.09 was given by
genusStreptomyceswhile no phosphate solubilization was observedase ofStaphylococcusp (Figure 4). HCN
production capacity of the isolates was evaluatedveak, moderate and strong according to the calbange.
Amongst the HCN producing isolates, almost 27 pdreeere weak HCN producers, 66 percent were moglerat
HCN producers while 7 percent were the strong H@ddpcers.
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Figure 2: Plant growth promoting activities of rhizobacterial isolates of Pearl Millet.

14 B Streptomyces
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No.of Isolates

Phosphate IAA HCN Ammonia
solubilization Production Production Production

Plant growth promoting activity

IAA: Indole acetic acid, HCN: Hydrogen Cyanide.

Table 1: Indole acetic acid (IAA) production detaik

S. No. Isolate Concentration of IAA(ug/ml) [ S.No| dolate Concentration of IAA(ug/ml)
1 PAG3 0.75+0.02u 23 PNAM23 0.86+0.01st
2 PAG4 0.53+0.01w 24 PNAM21 0.96+0.01r
3 PAG7 1.22+0.02p 25 PNAM7 3.45+0.01a
4 PAG8 1.12+0.03q 26 PNAM27 2.76+0.01c
5 PAG9 0.86+0.01st 27 PNAM1 2.48+0.04ef
6 PAG14 0.97+0.02r 28 PNAM 28 2.34+0g
7 PKB 6 0.93+0.01rs 29 PNAM3 1.76+0.01l
8 PKB 5 1.15+0.01q 30 PNAM24 1.85+0.01k
9 PKB 4 1.3+0.010 31 PNAM1§ 2.24+0.02h
10 PKB 1 1.13+0.01q 32 PNAM6 2.58+0.02d
11 PKB 9 2.22+0.01h 33 PNAM17} 3.34+0.01b
12 PKB 3 1.54+0.02m 34 PNAM24 0.86+0.01st
13 PKB 12 2.03+0.06j 35 PNAM24 1.24+0.01p
14 PKB 7 2.22+0.02h 36 PNAM1( 1.1+0q
15 PKB 10 1.57+0.08m 37 PNAM1 1.41+0.01n
16 PKB 8 2.57+0.1 38 PNAM12 0.66+0.(1v
17 PKB 13 2.78+0.01c 39 PNAM3 0.77+0.01u
18 PKB 14 1.86+0.01k 40 PNAM24 0.85+0t
19 PNAM9 3.43+0.02a 41 PNAM5 0.98+0.01r
20 PNAM4 2.31+0.01g 42 PNAM14 1.15+0q
21 PNAM16 2.13+0.01i 43 PNAM3(Q 2.44+0.02f
22 PNAM13 2.53+0.01d

Experiment was performed in triplicates and valga®n are the mean with standard deviation. Meaitis the

same letter are not significantly different at RO&(Tukey's studentized range test).
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Figure 3: Indole acetic acid production by differentgenera of Pearl millet isolate:
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Table 2: Phospahate solubilizatiorby rhizobacterial isolatesin Pikovskaya,s medium
S.No. Isolate | Colony Diameter (cm) | Halozone Diameter (cm)| Phosphate solubilization Inde:

1 FAG3 2.43+0.06! 2.63+0.06! 2.08+0.05
2 PNAM6 1.43+0.05f 1.56+0.02f 2.09+0.05|
3 PNAM10 1.52+0.02e 1.69+0.01e 2.11+0.01
4 PAG 9 2.5+0.15a 2.78+0.01a 2.1+0.06l
5 PNAM15 1.22+0.02h 1.37+0.01h 2.12+0.02g
6 PNAM17 1.76+0.02c 1.98+0.02c 2.12+0.001g
7 PNAM 23 1.21+0.005 1.37+0.03 2.13+0.01g
8 PKB 9 0.86+0.02j 0.98+0.02k 2.13+0.01g
9 PNAM9 1.63+0.02d 1.86+0.01d 2.14+0.004fg
10 PNAM4 1.27+0.02gh 1.45+0.05g 2.14+0.05fg|
11 PNAM16 1.25+0.02gh 1.43+0.01gh 2.15+0.02efg
12 PNAM14 1.63+0.02d 1.87+0.03d 2.15+0.03efg
13 PNAM24 1.34+0.03fg 1.54+0.04f 2.15+0.04efg
14 PKB 6 0.970.02i 1.1240.01j 2.15+0.02efg
15 PKB 5 1+0i 1.23+0.02i 2.23+0.02def
16 PKB 4 0.78+0.02jk 0.97+0.02k 2.25+0.04de
17 PKB 1 0.98+0.02i 1.22+0.03i 2.24+0.(1def
18 PNAM12 1.32+0.02g 1.65+0e 2.25+0.02de
19 PKB 3 0.54+0.01m 0.68+0.02m 2.26+0.07d
20 PKB 12 0.75+0kl 0.95+0.02k 2.27+0.03
21 PKB 7 0.96+0.03i 1.23+0.02i 2.28+0.06
22 PKB 10 0.67+0.01lm 0.87+0.02 2.32+0.03
23 PKB 8 0.58+0.01m 0.85x0I 2.46+0.04
24 PKB 13 0.65+0Im 0.96+0.04k 2.48+0.05
25 PKB 14 0.73+0.02kI 1.12+0.03jj 2.6+0.06!
26 PKB 11 0.56+0.02m 0.96+0.02k 2.8+0.04i
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Experiment was performed in triplicates and valge®n are the mean with standard deviation. Meaitls thie
same letter in the same column are not signifigatifferent at P <0.05 (Tukey's HSD test).

Figure 4: Solubilization of Tri-calcium phosphate ty different genus of Pearl millet isolates in Pikoskaya,s medium.
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DISCUSSION

Rhizosphere microflora forms a crucial part of smibsystem, affecting the plant in a variety of svarycluding
plant health as well as its growth and nutritiottu&ural diversity of the rhizosphere in termswtroflora depends
upon a variety of factors such as the kind of plamtl cultivars, age of plant, soil characteristreduding ph,
organic matter content, nutrient availability, s effects, root characteristics and managemeatdtipes like
irrigation, tillage, cropping, fertilizer applicat, residue incorporation etc. [11, 12]. Here weehatudied the
structural and functional diversity of pearl milléizosphere. In this study genBgeptomycebas been found to be
the most predominant inhabitant forming 27.40 patrad the total rhizospheric population, followeg genus
Pseudomonaswvith a population of 22.50 percent while ger&tsphylococcusvas observed to have the minimal
population of 6.50 percent only, in the tested obphere samples. Gram-negative, rod shaped, naonlatiog
bacteria belonging to the groups Proteobacteria Actinobacteria are generally considered as predanti
bacterial strains in the rhizosphere [13] &studomonaare generally found as the most abundant [14]. éi@w
we have found gram-positive actinomycetes S&eptomycesp to be more populated th®seudomonasp. Here
the predominance of gen@&reptomycesnay be attributed to their spore forming capadityility to produce a
variety of antibiotics, their nutritionally versitinature which enables them to grow in soils doirtg a low or
even in apparent lack of nutrients and the fadt ttgy are more abundantly found in dry than in sats [15, 16]
as found in the tested climatic zone. Wide rangdaiiterial strains have been reported for theintpgrowth
promoting potential includingBacillus, Pseudomonasigrobacterium, Azospirillum, Azotobacter, Alcaligen
Arthrobacter, Flavobacteriunand Streptomycefl7, 18, 19, 20]. PGPR promote growth by a varigdtglirect and
indirect mechanisms like atmospheric nitrogen fo@{21], siderophore production [22], phosphathkilsitization
[23], synthesis and release of phytohormones Iik@& [24] , controlling the phytopathogens by variety
mechanisms like production and release of HCN, anmianand antibiotics [25], cell wall degrading enas{26]
etc. In this study, all the isolated rhizobactewiere screened for various plant growth promotintyviies and it
was found that a significantly large number of thzobacteria possess one or more of these tradgerin-vitro
conditions. Most of these isolates exhibited motdeta strong range of one or more plant growth putbon
activities and hence may improve the plant heafiti growth through individual or combined effect \&rious
traits.
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CONCLUSION

On the basis of results obtained for this studyaly be concluded that rhizobacteria are an aitteaeind potential
option for developing PGPR inocula for biocontrabdgplant growth promotion of various crops. Thedgtshould
be further extended to check the response of tisetaes under field conditions so that such rhémbérial isolates
may be developed as successful inoculants for ingonent of plant growth.
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